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October 3, 1960 

RCA-4601 -- 20-MEGAWATT HARD-TUBE MODULATOR 
RCA-4603 -- 1.5-MEGAWATT RF PULSE AMPLIFIER 

Gentlemen: 

The new RCA-4601 and -4603 super-power triodes feature ceramic-
metal and coaxial-electrode construction, thoriated-tungsten filaments, and 
internal ducts for water cooling. 

The 4601, as a hard-tube modulator, is capable of switching pulsed 
power in the order of 20 megawatts. Its double-ended configuration permits 
its operation as a cathode-driven rf power amplifier at frequencies up to 
200 Mc. The versatile 4601 may also serve as an rf oscillator or an of 
modulator . 

The 4603 is intended for use as aplate-pulsed or grid-pulsed rf power 
amplifier at frequencies up to 100 Mc with full ratings and at higher frequen-
cies with reduced ratings. These high frequencies are achieved by its 
shielded-grid construction which enhances the separation of the rf input and 
rf output circuits. As aplate-pulsed amplifier with duty factor of 0.09 
and pulse duration of 3000 microseconds, the 4603 can provide a useful peak 
power output of 1.5 megawatts at 50 Mc . 

RCA-4601 and RCA-4603 are the commercial designations for RCA 
Developmental Types A-15030 and A-15041, respectively. 

Technical bulletins giving ratings, characteristics, typical operating 
conditions, dimensions, and operating considerations for the 4601 and 4603 
are enclosed. 

RFS:mIm 

Very truly yours, 

R. F. SIMOKAT 
Licensee Service 



4612 
SUPER-POWER TRIODE 

Double-Ended 
Terminal Configuration 
for Symmetrical Circuitry 

0.4 Megawatt as Linear 
RF Ampl ifier in Particle 

Accelerator Service at 475 Mc 

Designed 
to Simpl ify 

Broadband Circuitry 

RCA-4612 isawater-cooled super-power triode to provide at least twice the power output 

of the ceramic-metal type intended for use as an for a given frequency; for a given power out-

rf power ampl ifier at frequencies up to 600 Mc. put, the double-ended tube al lows operation at 

higher frequencies. 

To simpl ify the mechanical portion of the 

double-ended structure, a unique "cork seal" 

design is used, i.e., the ceramic rings "plug" 

into either end to insulate the coaxial contact 

terminals: plate from grid and grid from cathode. 

v ~~ This method provides extremely short distances 

to the active region of the tube. As a result, 

broadband circuitry may be effectively employed. 

Fig. l depicts the terminal and seal structure 

which combine to give outstanding mechanical 

stabi l ity to the 4612. 

Ratings and typical operation are establ ished 

for the 4612 as a l inear rf power ampl ifier in 

particle accelerator —or equivalent —service. 

In this appl ication, the tube wi l l provide a 

usefu l peak power output of 0.4 megawatt at 

475 Mc with duty factor of 0.16 and pulse dura-

tion of 8.33 mi l l iseconds. 

The 4612 features a symmetrical double-ended 

terminal configuration for symmetrical circuitry 

which places the electrical center of a half-

wavelength portion of a resonant cavity in the 

active region of the tube electrodes. This 

arrangement provides the fol lowing advantages 

over a single-ended structure: for a given diam-

eter, the double-ended tube can be designed 
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The 4612 also features an internal electrode 

structure consisting of a precisely spaced cyl in-

drical array of 96 identical triode units, each 

employing a matrix-type, oxide-coated fi lamentary 

cathode to provide high emission, long l ife and 

economical operation. 

These outstanding advantages and features of 

the 4612 prompt its use in a wide variety of ap-

pl ications, For prel iminary information regarding 

other possible services, see the sheet attached 

to th is bul letin, For further information on 

these and requested services, contact your RCA 

field representative or the nearest District 

Sales Office, 

GENERAL DATA 

Electrical: 

Filamentary Cathode, multistrand, 

Water Cool ing: 

Water-cool ing of the grid-cathode structure and the 
plate is required. The water flow must start before 
appl ication of any voltages in order to purge the system 
of bubbles and should continue for several minutes after 
removal of all voltages. Interlocking of the water flow 
through each of the cooled elements with all Power sup-
pl ies is recommended to prevent tube damage in case of 
failure of adequate water flow. The use of distilled 
water is essential. 

Water Flow: 

Absolute 
Pressure 

Tybtcal
'Minimum 

Differential 
Plow 

Flow 
for Ty¢'cal 

FZow~ 

g¢m g¢m psi 

To Plate: 

Total Flow for Two 

Parallel Input and 

Output Coolant Courses: 

For plate dissipation 

up to 50 kw (Av.) 40 35 5 

For plate dissipation 

of 150 kw (Av.) 100 90 30 
For plate dissipation 

of 300 kw (Av.) 160 150 u5 

To Grid-Cathode Coolant 

Course  20 15 15 
matrix-type, oxide-coated: 

Current (DC): 
Resistivity of Water 

at 25o C: 
Typical operating value 1800 amp Plate  i min. megohm-cm 

Maximum values 2000 amp Grid-Cathode 5 min. megohm-cm 

Maximum value for starting, 

even momentarily 2000 amp 
Water Temperature from any outlet 

External Gas Pressures 

70 max. 

65 max, 

oC 

psig 
Minimum time to reach 

operating current  30 seconds 
Maximum Water Pressure 

at any inlets  90 max, psig 
Minimum time at normal oper-

ating current before plate 

voltage is appl ied 60 seconds 

Voltage (DC):b LINEAR RF POWER AMPLIFIER IN 
Typical value required to PARTICLE ACCELERATOR SERVICE 

obtain 1800 amperes  1.50 volts 
For frequencies u¢ to 600 Mc and with "ON" 

Maximum value under any time of 8.33 milliseconds in any 16.6 milli-
condition  2.0 volts second interval, and for altitudes u¢ to 5000 ft. 

Pump, electronic high-vacuum type: Maximum Ratings, Absolute-Maximum Values: 
Maximum voltage  3500 volts 

DC PLATE VOLTAGE 16,000 max. volts 
Maximum current  5 ma 

DC GRID VOLTAGE  -150 max. volts 
Direct Interelectrode Capacitances: 

PEAK PLATE CURRENT 100 max. amp 
Grid to plate  150 µµf 

PEAK CATHODE CURRENTf  120 max. amp 
Grid to cathode  

Plate to cathode  Less 

1600 

than 

µµf 

1.0 µµf 
PLATE DISSIPATION (AVERAGE)  300,000 max. watts 

Mechanical: 
Typical Operation: 

At U75 Mc with ¢ulse wnveforra shown 
Operating Position. Tube axis vertical, either end up in Fig.2 and duty factor of 0.166 
Overall Length  19.5 inches 

Maximum Diameter  23.5 inches 

Terminal Connections  See Dimensional Outline 

Weight (Approx  )  220 lbs 

Thermal: 

Ceramic-Ring Temperature  150 max. 

Metal Surface Temperature   150 max. 

Minimum Storage Temperaturec. -65 min. 

Air Cool ing: 

It is important that the temperature of any external 
part of the tube not exceed 150o C. In general, forced-
air cool ing of the ceramic ringgs and the adjacent con-
tact areas will be required if the tube is used in a 
confined space without free circulation of air. Under 
such conditions, provision should be made for blowing 
an adequate quantity of air across the ceramic rings 
and adjacent terminal areas to l imit their maximum tem-
perature to 150o C. 

oC
oC

oC

OC Plate Voltage  12,000 volts 

DC Grid Voltage   0 volts 

Peak Plate Current  90 amp 

Peak Cathode Currentf   100 amp 

Peak Driver Power Outputg   25.000 watts 

Useful Peak Power Output  300.000 watts 

a The specified maximum fi lament current is a maximum 
rating which should not be exceeded, even momentarily, 
during operation of the tube. The l ife of the tube can 
be conserved Dy operating the filament at the lowest 
current which will enable the tube to provide the desired 
power output. Because the fi lament when operated near 
the maximum value usually provides emission in excess 
of any requirements within the tube ratings, the fila-
ment current should be reduced to a value that wi ll 
give adequate but not excessive emission for any par-
ticular appl ication. Good regulation of the filament 
current is, in general, economically advantageous from 
the viewpoint of tube l ife. 

-2-



b 

C 

d 

e 

f 

9 

Measured between KL and KU (See Terminal Diagram). 
The Lube coolant ducts must be free of water before 
storage or shipment of the tube to prevent damage 
from freezing. 
Measured directly across cooled element for the indi-
cated typical flow. 
With gauge located in an area where the maximum pressure 
external to the gauge is one atmosphere absolute. 
Peak or average cathode current is the total of the 
peak or average plate current and the peak or average 
rectified grid current. (Pulses are generally not co-
incident, hence they cannot be added arithmetically.) 
Driver power output includes circuit losses and is the 
actual power measured at the input to the grid circuit. 
It will vary depending upon the frequency of operation 
and the circuit used. 

DEFINITIONS 

Rating System — The maximum ratings in the tabulated data 
are establ ished in accordance with the following defini-
tion of the Absolute-Afaximum Rating System for rating 
electron devices. 
Absolute-Maximum ratings are l imiting values of operating 
and environmental conditions appl icable to any electron 
device of a specified type as defined by its publ ished 
data, and should not be exceeded under the worst prob-
able conditions. 
The device manufacturer chooses these values to provide 
acceptable serviceabi l ity of the device, taking no re-
sponsibil ity for equipment variations, environment vari-
ations, and the effects of changes in operating conditions 
due to variations in device characteristics. 
The equipment manufacturer should design so that ini-
tially and throughout l ife no absolute-maximum value for 
the intended service is exceeded with any device under 
the worst probable operating conditions with respect 
to supply-voltage variation, equipment component vari-
ation, equipment-control adjustment, load variation, 
signal variation, environmental conditions, and variations 
in device characteristics. 
"ON" Tune — The sum of duration of all individual pulses 
which occur during the indicated interval. 
Pulse Duration — The time interval between the two points 
on the pulse at which the instantaneous value is 50$ of 
the peak power value. 
Peak Value — The maximum value of a smooth curve through 
the average of the fluctuations over the top portion of 
the pulse. 
Duty Factor — Product of the pulse duration and repe-
tition rate. 

O 2 4 6 8 

TIME— MILLISECONDS 

b 
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Fig.2 - Pulse Waveform for Grid-Pulsed Amplifier 

in Particle Accelerator Service. 

GENERAL CONSIDERATIONS 

Identification 

The serial number which identifies each 4612 
and which should be used in any correspondence 
concerning the tube, is printed on the name 
plate located on the outside diameter of the 
plate terminal , as indicated on the Dimensional 
Outline. Other numbers stamped external ly on 
the tube are for purposes of manufacturing re-
cords only. 

Handl ing 

In transportation, handl ing, and storage of 
the 4612, care should be taken to protect the 
tube from rough handl ing that would damage the 
seals or other parts. Care should be taken to 
avoid distortion ordamage to the fi lament, cath-
ode, or grid terminals by bumping or improperly 
fitting connectors. NEVER SUPPORT NOR ALLOW THE 
TUBE TO REST ON THE FILAMENT TERMINALS, UPPER GR 
LOWER CATHODE TERMINALS, OR THE UPPER OR LOWER 
GRID TERMINALS. REST THE TUBE ONLY ON THE UPPER 
OR LOWER PLATE TERMINAL CONTACT SURFACE. (See 
Dimensional Outline). The tube should be l ifted 
only by using eyebolts or equivalent holder 
through the holes in the upper or lower plate 
contact surface provided for that purpose. AFTER 
THE TUBE HAS BEEN SEATED IN THE EQUIPMENT, REMOVE 
THE EYEBOLTS OR EQUIVALENT.HOLDER BEFORE THE TUBE 
IS PLACED IN OPERATION. 

Cleaning 

It is recommended that the 4612 be tested 

upon receipt in the equipment in which it is to 

be used. Recommended "break-in" treatment is 
described later. Before the tube is placed in 
operation, remove any foreign material adhering 
to it. After the tube has been tested and before 
it is placed in storage, the internal ducts should 
be blown fi ree of water especial ly if the storage 
temperature wi l l drop below 0°  C 132°  Fl . Care 
should be taken to prevent any foreign matter 
from entering the water connections at any time. 
In addition, particular care should be taken to 
prevent foreign particles from coming in contact 
with the re-entrant areas at the edge of the 
ceramic seals. Unless adequately protected by 
fi ltered air, these areas col lect dirt rapidly 
due to electrostatic forces and the nature of 
the air circulation around the tube. As a safe-

guard, it is recommended that during storage the 
4612 be completely enclosed in a protective 
plastic bag, and then sealed in the container in 
which it was received. 

Tube cleanl iness is an important considera-

tion. As with other high-voltage equipment, it 

is essential that external parts of the 4612 be 
kept free from accumulated dirt and moisture to 
minimize surface leakage and the possibi l ity of 
corona and external arc-over. Make it a regular 
practice to wipe dirt from the external parts of 
the tube about twice a month or more frequently 
if necessary to keep the tube clean. 
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MECHANICAL CONSIDERATIONS 

Mounting 

The mounting used for the 4612 should hold 

the tube in a vertical position. The entire 

weight of the tube should be supported by the 

upper or lower plate terminal contact surfaces. 

(See Dimensional Outline). Provision should be 

made to avoid subjecting the tube to appreciable 

shock or vibration. 

Connections 

Because of the low-voltage, high-current 

fi i lament, it is recommended that the fi lament 

connecto rs be kept short to minimize vo I Cage d rop. 
The use of coaxial fi lament connectors is recom-

mended. The connector for the coaxial terminals 

of the fi lament should be of the coi l-spring, 

pressure-contact type. (See Detail of Filament 

Terminals). The fi lament connectors should make 

firm, large-surface contact. Caution should be 

exercised when assembl ing or disassembl ing the 

fi lament connectors so that the fi lament ter-

minals are not loosened. To avoid loosening of 

fi lament terminals, always rotate connectors 
clockwise when viewing tube from fi lament-ter-

minals end, both for assembly and disassembly of 

fi lament connectors. 

Flexible connectors of the spring-contact 

type are also required for the grid terminals and 

cathode terminals and their associated cavities. 

When power is appl ied to the tube, there may 

be some motion of various parts of the tube and 

associated circuitry due to thermal expansion. 
In order that no undue stress is placed on the 
ceramic-metal seals of the tube, the terminal 
connectors should be flexible. The connecting 

leads and water hoses should be instal led so that 

the slack portion does not come close to or 
approach the body of the tube. 

When connecting or disconnecting the water 

hoses and the electrical connections, it is es-

sential that no undue stress be placed on the 

seals. The direction of water flow must be as 

indicated on the Upper Terminal End View for the 
plate coolant course and Detail of Filament Termi-
nals for grid-cathode coolant course. 

COOLING CONSIDERATIONS 

System 

The water cool ing system consists, in gener-

al, of a source of water, a water regeneration 

loop, a heat exchanger, a feed-pipe system which 
carries the water to the plate and grid-cathode 
cool ing courses of the tube, and provision for 

interlocking the water flow through each of the 
coolant courses with the power suppl ies. 

The low-volume water-supply to the grid-cath-

ode coolant courses requires a very high qual ity 

water (minimum resistivity of 5 megohm-centi-
meters), whereas the high-volume water supply to 

the plate coolant course requi res only high-

qual ity water (minimum resistivity of I megohm-

centimeterl. Therefore, it is economical ly 

feasible to tap a portion of the water to the 

plate coolant course, and by additional fi lter-

ing, provide the water supply to the grid-cathode 

coolant course. 

It is essential that the insulating tubing 

between the cool ing-system piping and each of 

the coolant courses have good insulating qual-

ities and be of sufficient length to minimize 

leakage currents and/or electrolysis effects. 

The minimum plate-water-column resistance should 

be 10 megohms at 25° C. 

The piping system must be arranged so that 

direction of water flow through each cooled 

electrode is as specified above under Connections 

to insure adequate cool ing. Series or paral lel 

arrangement of the water ducts is permissible so 

long as the specified flow, pressure and outlet 

temperature ratings are observed. Caution: The 

feed-~i¢e system should be so designed that all 

of the water indicated by the flow-meter at each 

outlet ¢asses through the associated water duct 
within the tube, and is not shunted inadvertently 
by any other ¢ath. 

Precautions 

Proper functioning of the water system is of 

the utmost importance. Even a momentary fai lure 

of the water flow wi l l damage the tube. In fact, 

without water flow, the heat of the fi lament 

alone is sufficient to cause serious harm. It 

is, therefore, necessary to provide a method of 
preventing operation of the tube in case the 
water supply should fai l. This may be done by 
the use of water-flow interlocks which open the 
power suppl ies when the flow through any element 

is insufficient or ceases. The water flow must 

start before appl ication of any voltages and 

preferably should continue for several seconds 

after removal of al l voltages. 

The absolute-minimum water flow required 

through the plate coolant courses and to the 

grid-cathode coolant courses together with pres-

sure differentials across the cooled elements, 

is given in the General Data. The use of an out-

let water thermometer and a water flow meter at 

each of the outlets is recommended. Under no 

circumstances should the temperature of the water 

from any outlet exceed the maximum value given 

for the water in the General Data. 

In spite of the usual precautions taken to 

el iminate contamination of the water by oi l, 
dust, etc., some impurities are l ikely to enter 

the water. The use of a strainer with at least 
60-mesh screen is recommended in the water-supply 
l ine as near to the tube as possible to trap any 
foreign particles l ikely to impair the water-

flow through the tube ducts. Also, a regenera-

tion loop fol lowed by a submicron fi lter should 
be employed. 
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Use of Water 

In the design of a cool ing system uti l izing 
water, it is recommended that the system be of 
the closed type uti l izing disti l led water. When 
pure disti l led water is introduced into the sys-
tem, it becomes contaminated by the system com-
ponents. For example, in a copper-p lumbing 
system the presence of oxygen and carbon dioxide 
enhances the dissolution of copper into the sys-
tem water and its subsequent deposition as copper 
oxide on the hot plate structure of the tube. 
The rate of formation of this oxide is dependent 
on the operating plate dissipation of the tube 
and the amount of copper, oxygen, and carbon 
dioxide in the water system. Eventual ly the 
amount of precipitated oxide may reach a magni-
tude such that it wi l l thermal ly insulate the 
plate from the water and cause the plate to crack 
because of insufficient cool ing. 

It is essential ( I l that high-qual ity water 
be used to fi l l the system initial ly, (2) that 
provision be made for continuous regeneration 

(purification) of the system water, and (31 that 

steps be taken to el iminate insofar as possible 

the sources cf contamination. These requirements 

are necessary to prevent scale formation, cor-
rosion, and excessive electrolysis. Any one of 
these conditions can greatly reduce tube l ife. 
Corrosion and electrolysis contribute to water 
contamination and can destroy the tube elements, 
ducts, and fittings. 

Some of the contaminants which are conducive 
to scale formation include oxygen, carbon diox-

ide, metal ions, and organic sol ids. The most 
thorough means for determining the qual ity of 
the system water is by a complete chemical anal-
ysis. Such an analysis, although difficult, can 
be performed by a qual ified testing laboratory. 

A suggested method of achieving suitable 
qual ity of the system water is as fol lows: 

I. Use only disti l led water to fi l l the system. 
The use of disti l led water avoids the intro-
duction of organic or col loidal matter that 
may exist in de-ionized water. 

2. To maintain acceptable qual ity, continuous 
regeneration (purification) of the water in 

the system is necessary. This regeneration 
can be achieved by passing a portion of the 
flow through suitable ion exchangers and 
fi lters. A recommended regeneration loop is 
shown in Fig.3. Operation of the regeneration 

loop should be in accord with the recommen-

dations of the manufacturer of each component 

with regard to pressure, temperature, and 

maintenance of the individual components. 

3. The efficiency and l ife of the regeneration 

loop may be improved by retarding the rate of 
recontamination of the water by foreign mat-
ter. Pipe l ines should be connected to the 
water tank below the water level to minimize 
turbulence and thus to decrease absorption of 

gases by the water. It is also to be noted 
that any contaminating gases should.. be ex-
cluded from the storage tank in the closed 
water system. This should be done by replac-
ingtheairwithnitrogenundersl ight pressure. 

4. In order to minimize electrolysis, the plate-
water-column (water path between plate and 
ground) resistance should have a value not 
less than 10 megohms at 25° C. 
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Block 
No. 
1. Resistivity cell (0.01 cell constant) and meter, 

such as Barnstead PM-18 meter with B-18 cell. This 
cell and meter are optional test equipment. 

2. Oxygen-removal resin, such as Barnstead No.0810 
cartridge, in BD-2 Bantam Demineral izer. 

3. Mixed Ded demineral izer, such as Barnstead Type M 
Bantam Demineral izer. 

4. Sub-micron filter, such as Barnstead MF-25. 

5. Flow meter. 

The above items may be qurchased from the Barnstead Still 
& Sterilizer Co., 2 Lanesville Terrace, Boston 31,Alass. 

Fig.3 -Block Diagram of a Water Regeneration Look. 

Although an accurate chemical analysis is the 

absolute method of checking system waterqual ity, 

a measurement of the water resistivity may be 

used as a guide to determine whether or not ion-

ized contaminants are excessive. Dissolved 

gases, metals, and other contaminants reduce the 

resistivity of the water in varying amounts. 
Some contaminants, such as oxygen, greatly reduce 
the resistivity. However, if the specific re-
sistivity of the water fal ls below I megohm-cm 
at 25° C, it can be assumed that the contaminants 
are excessive. Also, if the pH of the water is 

outside of the range from 6.8 to 7.2 the water 

contains excessive contaminants. 

The value given for plate-water-column re-

sistance in item 4 above and the value for spe-

cific resistivity of the water indicated in the 
preceding paragraph are minimum values. In prac-
tice, higher values should be real ized with a 
properly operating regeneration loop. For ex-
ample, the specific resistivity can have a theo-
retical maximum value of 18 megohm-cm at 25° C. 
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The value of plate-water-column resistance 
and the value for specific resistivity of the 
water measured at a temperature other than 25° C 
can be converted approximately to the correspond-
ing 25o C values forcomparison with the specified 
values by means of the fol lowing equation: 

RPSo = Rt l [I t 0.025 ltl - 251] (I) 

where: 

Rpgo is the converted value of the measured re-
sistance of resistivity. 

Rtl is the measured resistance or resistivity 
at water temperature tl. 

tl is the water temperature in degrees Centi-
grade at which the resistance or resistiv-
ity is measured. 

ELECTRICAL CONSIDERATIONS 

Plate Dissipation Calculation 

An approximated value of the plate dissipation 
may be calculated from the fol lowing equation: 

Pwatts = n (to - ti ) x 264 (2) 

In which ~i is the temperature of the water at 
the inlet to plate in degrees Centigrade, to is 
the temperature of the water at the outlet from 
plate in degrees Centigrade, and n is the number 
of gal lons per minute of total flow through the 
two paral lel plate cool ing courses. 

In the above equations, the values for to
and ti are read on thermometers instal led in the 
pipe l ines as close to the tube as possible. 

Protection Circuits 

The ylate voltage at which this tube operates 
is extremely dangerous. Great care should be 
taken during the adjustment of circuits. The 
tube and its associated apparatus, especial ly 
al l parts which may be at high potential above 
ground, should be housed in a protective enclo-
sure. The protective housing should be designed 
with interlocks so that personnel cannot possibly 
come in contact with any high-potential point in 
the electrical system. The interlock devices 
should function to break the primary circuit of 
the high-voltage suppl ies when any gate or door 
on the protective housing is opened, and should 
prevent the closing of this primary circuit unti l 
the door is again locked. 

An interlocking relay system should be pro-
vided to prevent appl ication of the plate voltage 
pulse priortothe appl ication of sufficient bias 
voltage and/or rf drive power to the grid. 

A time-delay relay should be provided in the 
plate supply circuit, the grid supply circuit, 
-and the rf drive circuit to prevent appl ication 
of voltage unti l the fi lament has reached its 
normal operating temperature. (See Minimum time 
at normal operating current in General Data). 

A high-speed electronic protective circuit 

may be required to re move the plate voltage with-
in 10 microseconds in the event of abnormal oper-
ation such as internal arcing. To determine the 
necessity of this protection in addition to the 
usual circuit breakers, the "tin-foi l" test de-

scribed below is recommended. When the plate 

modulation system passes this test, simpleinter-
ruption of the modulator trigger fol lowing the 

occurrence of afault wi l l be adequate. 

The fol lowing tests involve extremely dan-
gerous high voltages and should be made only 
after suitable precaution and safety measures 
have been taken to protect personnel. 

A test of the effectiveness of the protection 
device or of the need for such a device may be 
made as fol lows: Disconnect the plate lead from 
the 4612. Fasten to the "disconnected" plate 
lead from the modulation system a smal l sheet 
(approximately 2" x 2") of thin aluminum foi l, 
such as ordinary household foi l. Then discharge 
the ful l rated voltage of the plate modulation 
system by bringing a grounding rod slowly up to 
the piece of metal foi l. The protective device 
is not needed when the discharge of the plate 
modulation system produces not more than a pin-
hole in the foi l attached to the plate modulation 
system lead. 

The protective device employed to remove the 
plate voltage in any instal lation must be ap-
proved by an RCA field representative or by the 
nearest District Sales Office. In addition, the 
rf-power-input transmission l ine should be pro-
vided with VSWR protection to remove drive power 
and plate voltage within 10 mi l l iseconds in 
the event of abnormal changes in input VSWR 
during operation. 

Circuit Returns 

Circuit return from the plate should be made 
to the output-circuit-return grid terminals, 
identified on the tube symbol as GLO and GUO. 
Connectiontothe output-circuit-return terminals 
should be made by a system of fingers bearing on 
the grid output terminal contact areas. 

Precautions 

For stable operation it is advisable to main-
tain the drive pulse at the operating level dur-
ing the entire operation of the plate voltage 
pulse. The drive pulse should start ahead of the 
plate pulse, and should remain on after the end 
of the plate pulse to insure this condition. 
However, the drive-pulse length should not exceed 
the plate-pulse length by more than 10~. 

At the higher frequencies, uneven heating of 
the seals may be encountered because of circuit 
arrangement. Such effects should be minimized 
through proper circuit design. 
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fi laments 

The 96 interconnected matrix-oxide fi laments 
in the 4612 constitute the fi lamentary cathode. 

A fi lament starter should be used to raise 
the fi lament voltage and current gradual ly in 
order to l imit the high initial surge of current 
through the fi lament when the circuit is first 
closed. The starter may be either a system of 
time-delay relays cutting resistance or reactance 
out of the circuit, a high-reactance fi lament 
transformer, or an adjustable autotransformer. 
Regardless of the method of control, it is im-
portant that the fi lament starting current never 
exceed avalue of 2000 amperes, even momentari ly. 

The l ife of the fi lament can be conserved 
by'operating it at the lowest fi lament current 
which wi l l give adequate but not excessive emis-
sion to enable the 4612 to give the desired 
power output. Because the fi lament when opera-
ted near the maximum value of current provides 
emission in excess of any requirements within 
tube ratings, it is recommended that the fi la-
ment current be reduced to a value that wi l l 

give adequate but not excessive emission for any 
particular appl ication. Good regulation of the 
fi lament current is in general economical ly 
advantageous from the viewpoint of tube l ife. 

During long or frequent standby periods, the 
4612 may be operated at decreased fi lament volt-
age to conserve l ife. It is recommended that 
the fi lament current be reduced to 80~ of normal 
during standby periods up to 2 hours. For 

longer periods, the fi lament power should be 

turned off. 

Electronic High-Vacuum Pump 

An electronic high-vacuum pump is perma-

nently attached to the tube to maintain a 

clean, high vacuum in the tube under al l condi-

tions. (See Dimensional Outline). The pump 

uses a cold cathode gaseous discharge in a mag-

netic field to sputter titanium from a titanium 

cathode plate. Pumping is achieved by chemical 

combination with the sputtered titanium and by 

ion "burial" in the titanium. Self-regulation 

of the titanium consumption and long l ife are 
achieved because the sputtering rate is a l inear 
function of pressure. This action is accom-
pl ished by the appl ication of a suitable elec-
tric potential and permanent magnetic field to 

the pump. 

Since this pump is attached to the plate 
terminal of the tube it is necessary that its 

power supply be insulated for plate potential 

and, in addition, its primary power should be 
suppl ied by a suitable isolation transformer. 
This power supply should also provide adequate 
metering to permit monitoring of gas currents 
fromseveral microamperes toseveral mi I I iamperes. 

Utilization of the bermanently attached elec-
tronic high—vacuum bumf will provide maximum 

reliability, but is not necessary for normal 
tube operation. 

Driver 

The value of driver power output given in 
the tabulated data (See Tytiical Operation under 
Linear RF Power Amplifier in Particle Accelerator 
Service) represents approximately the actual 
driving power required at the specified frequency. 
At higher frequencies, more driving power may be 
necessary because of increased tube and circuit 
losses. In al l cases, however, the driver stage 
should be designed to provide an excess of power 
over that indicated under the typical operating 
conditions to take care of variations in l ine 
voltage, in components, in initial tube charac-
teristics, in tube characteristics during l ife, 
and transmission-l ine mismatches. 

Break-In Procedure 

The fol lowing "break-in" treatment should be 
given to a new 4612 before it is placed in serv-
ice. The treatment should also be given in 
equipment in which tube is to be used when new 
circuits are tested or when adjustments are made. 

Step is Make sure that the water system and pro-
tective devices are functioning properly. 

Step 2: With no other voltages on tube, apply 

current to the fi lament in the normal 

manner and operate at the prescribed 

typical operating fi lament current for 

15 minutes. 

Step g: Apply reduced value of rf drive power 
(approximately three-quarters normal 

drive power) for r5 minutes. 

Step q: Apply reduced value of positive-pulse 

plate voltage (approximately one-half 

normal voltage)forseveral minutes unti l 

stable performance is obtained. 

Step 5: Increase rf drive power to normal. 

Caution: During this s.teb it is particularly 
important that the high-seed electronic pro-
tective devices be functioning properly to pro-
tect against any abnormal conditions. 

Step 6: Increase plate voltage to normal~grad-
ual ly or in steps. Operate the tube 

for several minutes unti l stable per-

formance is obtained at each plate volt-

age level. 

After giving the 4612 the above treatment 
and after it~is operating normal ly to give the 
desired output, it is suggested that the read-
ings of the meters and flow indicators as wel l 

as the control settings be logged. 
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DIMENSIONAL OUTLINE 

UPPER PLATE WATER CONNECTOR 
(NOTES 3 9 4) 

UPPER PLATE TERMINAL 
CONTACT AREA (NOTE 2) 

ELECTRONIC HIGH —
VACWM PUMP 

°fix r 
~l Ac. 

~~/ 

LOWER PLATE WATER 
CONNECTOR (NOTES 3 9 4) 

MOUNTING BOLT HOLES 
(NOTES 2, 8 d 9) 

PUMP MAGNET ~~ ~ ~'~~~'.='':. . ~ -~~" = ~~~~~ ~',x'sax_ .. %x(12) MOUNTING HOLES 
' (NOTES I & 6) 

15°
(NOTE IN 

UPPER GRID OUTPUT TERMINAL 
CONTACT AREA 

UPPER CATHODE TERMINAL 
CONTACT AREA (NOTE 7) 

LOWER PLATE WATER 
CONNECTOR (NOTES 3 d 4) 

.039" 
(NOTE II) 

UPPER PLATE TERMINAL 
CONTACT AREA (NOTE 2)~ 

4.000" 
F MAX. 

PUMP MAGNET 

ELECTRONIC HIGH—
VACUUM PUMP 

LOWER PLATE WATER 
CONNECTOR (NOTES 3 9 4) 

C 

.125' R. 
(NOTE IU 

3: ~ 0° 3. ~ 2~~ 
1.125" MIN. 

\ ~,

r~ 

15.500 ° t .025~~ DIA. 
(NOTE II) 

6.625° t .005" DIA.—►' 
(NOTE II) 

6.230° t .005~~ DIA. —
(NOTE II) 

5.945~~t .005° DIA.—
(NOTE Iq 

~— 3.625~~ t .015"—
DIA. 

(NOTE II) 

—2.385" MIN. 
(NOTE II) 

NAME 
PLATE 

(NOTE 10) 

.275 ° 3 .010 ° 
(NOTE IN 

 T 

UPPER PLATE WATER CONNECTOR 
(NOTES 3 fi 4) 

5.090°
1.125" 

(NOTE 11) 

UPPER GRID INPUT TERMINAL 
CONTACT AREA (NOTE 6) 

~ SIDE RODS 
(NOTE 9) 

9.000" 
t.125" 

LOWER PLATE TERMINAL 
CONTACT AREA (NOTE 2) 4.260°

3.125 

LOWER GRID OUTPUT TERMINAL-~ 
CONTACT AREA 

~ CERAMIC 
I'='~-~-~~°a CONTACT AREA 

1.17" ~ 

  ~' 

LOWER GRID INPUT TERMINAL 
CONTACT AREA (NOTE 6) 

UPPER PLATE WATER CONNECTION 
(NOTES 3 Bi 4) 

LOWER CATHODE TERMINAL CONTACT AREA 
FILAMENT TERMINAL (INNER) SEE DETAIL 
FILAMENT TERMINAL (OUTER) SEE DETAIL 

92CL-11740 
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NOTES FOR DIMENSIONAL OUTLINE 

NOTE I : TWELVE (12) MOUNTING HOLES EQUALLY SPACED ON A 
BOLT CIRCLE OF 14.250" DIAMETER. THE HOLES ARE 0.437" 
DIAMETER. 

NOTE 2: CONTACT OF THE UPPER AND LOWER PLATE TERMINAL CON-
TACT AREAS SHOULD BE MADE AT A DIAMETER GREATER THAN 
9.750" OR LESS THAN 12.200". (THIS CLEARS THE MOUNTING 
BOLT HOLES LOCATED ON A BOLT CIRCLE OF 12.750" DIAMETER). 

NOTE 3: THE PLATE WATER CONNECTORS ARE HANSEN PLUGS 
No.12-T-46. THE FITTINGS MAY BE OBTAINED FROM THE HANSEN 
MANUFACTURING COMPANY, 4031 WEST S~OTH STREET, CLEVELAND 
il, OHIO. THE PLUGS ARE LOCATED 90 APART AND ARE ALTER-
NATED SO THAT TWO UPPER PLATE CONNECTORS, 1800 APART, ARE 
CLOSER TO THE UPPER PLATE TERMINAL AND THE TWO LOWER 
PLATE CONNECTORS, 1800 APART, ARE CLOSER TO THE LOWER 
PLATE TERMINAL. 

NOTE 4: THE PLATE WATER FLOW IS OPTIONAL AS FOLLOWS: 
a. FROM BOTH UPPER TO 80TH LOWER PLATE WATER CON-

NECTORS OR 
b. FROM BOTH LOWER TO BOTH UPPER PLATE WATER CON-

NECTORS. 

NOTE 5: TOTAL INDICATOR RUNOUT BETWEEN TERMINALS WILL NOT 
EXCEED 0.100". 

NOTE 6: CIRCUIT CONTACT SHOULD BE MADE ONLY OVER MAXIMUM 
LENGTH 2.385" OF THE DESIGNATED UPPER OR LOWER-GRID-INPUT 
TERMINAL. 

NOTE 7: CIRCUIT CONTACT SHOULD BE MADE ONLY OVER MAXIMUM 
LENGTH 3.062" OF THE DESIGNATED UPPER CATHODE TERMINAL. 

NOTE S: HOLE LOCATION IN LOWER PLATE ARE DIRECTLY BENEATH 
THE HOLES IN THE UPPER PLATE. 

NOTE 9: Do NOT TAMPER OR TIGHTEN THE (5) MOUNTING BOLTS 
ON EACH END. THE MOUNTING PLATES ARE PROPERLY LOCATED 
AND THIS LOCATION OFTEN RESULTS IN SMALL SPACES BETWEEN 
THE END OF THE SIDE RODS AND THE PLATES. 

NOTE IO: NAME PLATE MAY BE LOCATED BETWEEN ANY TWO ADJA-
CENT PLATE WATER CONNECTORS, EXCEPT THAT OCCUPIED BY PUMP. 

NOTE I I: DIMENSION APPLIES TO BOTH ENDS OF TUBE. 

DETAIL OF FILAMENT TERMINALS 

GRID-CATHODE ~ 
WATER FLOW 

3.995 " 
±.030" 

1.650" 
±.015" 

i
\\

OUT 

2.100" 
1.010" 

l~
275 "-~ 

.500 = 

1.700"±.005"DIA. 

IN 

.100" 
MAX. 

1.751 "±.005" 
DIA. 

i 2.000"±.030" 
DIA. 

~  3.002"±.005" 
DIA. 

3.126"± 005" 
DIA. 

3.625"± .015" 
DIA. 

2.500" 
±.010" 

3.375" 
±.035" 

.625" 
±.015" 

 r 

NOTE 5 

92C5-11743 
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TERMINAL DIAGRAM 

PL PU 

FI : 

F0: 

KU: 

KL: 

GUI : 

FILAMENT TERMINAL ( INNER) 

FILAMENT TERMINAL (OUTER) 

UPPER CATHODE TERMINAL 

LOWER CATHODE TERMINAL 

UPPER GRID INPUT TERMINAL 

FO FI 

GUO: UPPER 

GLI : LOWER 

GLO: LOWER 

PL: LOWER 

PU: UPPER 

For location of res¢ective terminals., 
see Dimensional Outline 

GRID OUTPUT TERMINAL 

GRID INPUT TERMINAL 

GRID OUTPUT TERMINAL 

PLATE TERMINAL 

PLATER TERMINAL 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under eny patent or patent rights of RCA. 
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4612 
SUPER-POWER TRIODE 

PRELIMINARY TECHNICAL OBJECTIVE DATA 

The design of the RCA-4612 lends itself for 

use as an rf power ampl ifier, rf l inear power 

ampl ifier, and rf-pulsed ampl ifier and should be 

considered for use in single-sideband service, 

long-range search radar, pulsed transmission in 

communications service, and other appl ications 

employing high-power rf circuits. 

The .following typical operations are fur- 
nished for guidance purposes only. 

DEFINITIONS 

"ON" Time — The sum of the duration of all individual 
pulses which occur during the indicated interval . 

Pulse Duration — The time interval between the two points 
on the pulse at which the instantaneous value is 70% of 
the peak power value. 

Peak Value — The maximum value of a smooth curve through 
the average of fluctuations over the top portions of 
the pulse. 

Duty Factor — Product of the pulse duration and repeti-
tion rate. 

"$Ingle-TOne" — Modulation in which the grid input con-
sists of a monofrequency rf signal having constant ampl i-
tude. This signal is produced in a single-sideband 
suppressed-carrier system when a single audio frequency 
of constant ampl itude is appl ied to the input of the system. 

For General Data, Establ ished Ratings, Dimen-

sional Outl ine, and Operating Considerations, 

refer to the technical bul letin for the 4612. 

* This information appl ies tocontemplated performance and 
is subject to change. No obl igations are assumed as to 
future performance to this service unless otherwise ar-
ranged. Forfurther information regarding this appl ica-
tion, contact your RCA field representative or the nearest 
District Sales Office. 

PLATE-AND-GRID PULSED AMPLIFIER*

Typical Operation: 

Ina cathode-drive circuit, with rectangular 
waveshape pulses with durst%on of 30 mtcro-
seconds at 425 Mc and a duty factor of 0.01. 

Peak Positive-Pulse Plate Voltages 25  000 volts 
Peak Cathode-to-Grid Voltageb   60 volts 
Peak Plate Current  400 amp 
Peak Cathode Currentc   500 amp 

Peak Driver Power Outputd (Approx.) 0.2 mw 

Useful Peak Power Output (Approx  )   5 mw 

LINEAR RF POWER AMPLIFIER* 

Single-Sideband Suppressed-Carrier Service 

Typical Operation: 

With "Single-Tone" modulat%on 
and at a frequency of 450 Mc. 

OC Plate Voltage  16,000 volts 

DC Grid Voltage   0 volts 

Zero-Signal DC Plate Current  2.0 amp 

Max.-Signal DC Plate Current  90 amp 

Max.-Signal DC Grid Current   9.0 amp 

Max.-Signal Driver Power Output 
(Approx. ) d  30,000 watts 

Max. -Signal Useful Power Output (Approx.)  600,000 watts 

a 

b 

C 

d 

Under most conditions pressurized cavities will be re-
quired for operation at the indicated typical voltages 
to prevent flash-over at the tube seals. 

Preferably obtained from a cathode bias resistor. 

Peak or average cathode current is the total of the peak 
or average plate current and the peak or average recti-
fied grid current. (Pulses are generally not coincident, 
hence they cannot be added arithmetically). 

Driver power output includes circuit losses and is the 
actual power measured at the input to the grid circuit. 
It will vary depending upon the frequency of operation and 
the current used. 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 

Tradem arks) ® Registered 
Marcos) Registrada(s) 

ELECTRON TUBE DIVISION 
RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY 

4612 7-62 
hiabd in U.S.A. 
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RCA ~'~E~BNA~~®Y~TA~. n ~~®ITT 

~.na~~~ra~~~ ~~a~e-~a~~ 

NEW RCAr.4616 
SUPER—PUI~ 

BEAM POW~t T[JBE 

Gentlemen: 

~.~xaxas®r~, ~~ao o~~~~~ 

February 15, 1963 

From 2 megawatts of short—pulse power (13—microsecond pulse at 0.004 
duty factor to 275 kilowatts of long—pulse power (2000—microsecond pulse 
at 0.06 duty factor --- this wide gamut of operation capability is combined 
in a single tuber the RCA-4616, formerly Dev. Nu. A2669B. From the famous 
RCA-6952 -- well•-proven in the same short—pulse power —• emerged this new 
water—cooled tube with higher dissipation capabilities for expanded pulse 
operation. 

For frequencies primarily between 195 and 60U Mc, these expanded 
pulse capabilities suggest the use of the 4616 for telemetry, search radar, 
particle accelerator service, and other applications requiring super—
power~ rf—pulse circuits. Its matrix—type filamentary cathode requiring 
low filament power and with a rating for 400—cps excitation also suggest 
the tubes use in airborne and light—weight portable equipment. 

The 4616 retains the outstanding features of the RCA Super=Power 
"tetrode" line: sturdy mechanical stz•uctw a consisting of a symmetrical 
array of unit electron—optical systems surrounding a centrally located 
plate, low loss ceramic irisulators~ integral by—pass capacitors between 
grid No.2 and cathodes integral coolant ducts for effective cooling of the 
electrodes y and large—area rf electrode terminals. 

Further technical information for the 4616 is in preparation. 

fiery truly yours, 

R.F'. SIMOKAT 
Licensee Service 

RFS:mg 
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I-It~RRISt)1Vo :~~~'o~EASS~Y 

I.HrCEAiPiEE PiE18R'IH'E 

RCA-4617 

NEW SUPER-POWER UHF TRIODE 

Gentlemen: 

Apri 1 ~1, ]963 

R(:A-4617, formerly Uev. No.A15025R, is a new, uhf, water-cooled, super-
power triode for use as a pulsed-rf power amplifier up t.o 450 Mc in search 
radar, pulsed transmission in communications or control service, and particle-
accelerator service. 

Like its prototype, RCA-7835, the 4617 can deliver 8 megawatts of sliort-
pulse power (25-microsecond pulse at 0.01 duty factor). Unlike its prototype, 
the 4617 contains a matrix-oxide cathode, advantageous in providing higher 
peak currents in pulse operation at drastically reduced filament power. 

The design of the 4617 provides reserve capabilities for even higher peak 
power outputs at shorter pulse durations. For example, it is expected to 
deliver 15 megawatts of peak power output with pulses up to 10 microseconds 
and a duty factor of 0.005. 

The 4617 retains the following outstanding features of the RCA Super-Power 
triode line: 

• Double-Ended Coaxial Terminal Configuration for 
Symmetrical Circuitry 

• Extremely Low-Inductance Electrode Terminals for UHF 

• Integral Coolant Courses 

• High Efficiency 

• Advanced Design, Thermally Stable Grid Assembly 

• Low-Loss, Rugged, Ceramic Insulators 

Further information for the 4617 will he given on request. 

Very truly yours, 

~:~; 

R. F. SI MOKAT 
Licensee Service 

RFS/m g 



CERMOLOX 

Matrix-Type Unipotential Cathode 

Forced-Air Cooled 

1350 Watts CW Power Output 
at 600 MHz 

RCA-4618 
BEAM POWER TUBE 

RCA-4618 is a small, forced-air cooled uhf beam 
power tube designed for use in compact aircraft, mobile 
and stationary equipment. It is rated to frequencies up 
to 1215 MHz as a linear rf power amplifier in single-
sideband suppressed-carrier service, as aplate-moduli 
ted rf power amplifier in Class C telephony service, as 
an rf power amplifier and oscillator in Class C tele-
graphy service, and as an rf power amplifier in Class C 
FM telephony service. 

The 4618 and variants of its basic design may also 
be useful in applications such as frequency multipliers, 
of power amplifiers or modulators, linear rf power am-
plifiers (AM or television), hard-tube modulators, 
pulsed-rf amplifiiers, regulators, or other special ser-
vices. Variations in cooling structure or other para-
meters are also possible. For information on variants, 
contact your RCA field representative, or the nearest 
District Sales Office. 

The 4618 features the Cermolox construction, a 
unipotential cathode of the oxide-coated matrix type, 
and an integral louvered-fin radiator. Details of these 
features are described in the Application Guide for RCA 
Power Tubes, ICE-300•. 

INDEX 

I. DESCRIPTION 

General Data  
Ratings  

Page 

1 
2, 3 

Footnotes . . . . . . . . . . . . . . . . . 2 

Characteristics Range Values   3 

Dimensional Outline   4 

Terminal Diagram   4 

II. CHARACTERISTICS 

Cavity Tuning Curves   5 

Constant-Current Curves  6,7 
Cooling   8 

Mounting . . o . , , , , 8 

III_ GENERAL APPLICATIONS 
• This bulletin is to be used in conjunction with 

the publication Application Guide for RCA Power 
Tubes, ICE-300. Fora copy, write RCA, Com-
mercial Engineering, Harrison, N.J. 

RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Harrison, N. 1. 

GENERAL DATA 

Electrical: 

Heater for Matrix-Type Oxide-
Coated Unipotential Cathode: 

Voltage (ac or dc) 

Current at 5.5 volts  
Minimum heating time  

5.5 typical 

6.0 max. 

17.3 

5 

See further information on the heater 
cation Guide for RCA Power Tubes, 
Section V.A.3, Filament or Heater. 

Mu-Factor, Grid No.2 to Grid 
No.l for plate volts = 2500, 
grid No.2 volts = 600, and 
plate mA = 600  

Direct Interelectrode 
Capacitances: 
Grid No.l to platen  
Grid No.l to cathode &heater 
Plate to cathode & heatera.b_ 
Grid No.l to grid No.2  
Grid No.2 to plate 
Grid No.2 to cathode & heaterb 

Mechanical: 

17 

volts 

volts 
A 

minutes 

in Appli-
ICE-300; 

0.181 max. 
42 

0.017 max. 
55 
12 

1.4 max. 

pF 
pF 
pF 
pF 
pF 
pF 

Operating Position   Any 

Overall Length  3.34" max. 
Greatest Diameter   3.75" max. 
Terminal Connections   See Dimensional Outline 
Radiator   Integral part of tube 
Weight (Approx.)   2 lbs. 

Thermo I 
Terminal Temperature (Plate, 

grid No.2, grid No.l, cathode, 
and heater)   250 max. 

Plate-Seal Temperature   250 max. 

See Dimensional Outline for temperature-mea-
surement points 

oC 
Oc 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 

Trademarkls) ®Reg ~slersd 

Marca(s1 Regiseradals) 

4618 8-66 
Supersedes 4618 4-63 

Pr~nfed in U.S.A. 



4b18 

LINEAR RF POWER AMPLIFIER, CLASS ABI ` 

Single-Sideband Suppressed-Carrier Service 

Peak envelope conditions for a signal having a 
minimum peak-to-average power ratio of 2 

Maximum CCS Ratings, Absolute Values: 

Up to 1215 MHz 

Typical CCS Class ABI "Single-Tone" Operation 

Up to 60 MHz 
DC PLATE VOLTAGE 3000 max. volts DC Plate Voltage  2250 2250 volts 
DC GRID-No.2 VOLTAGE 1000 max. volts DC Grid No.2 Voltage 7. 00 700 volts 
MAX.-SIGNAL DC PLATE CURRENT 1.0 max. A DC Grid-No.l Voltage  -50 -50 volts 
MAX: SIGNAL DC GRID-No.l Zero- Signal DC Plate Current 0.2 0.2 A 

CURRENT 0.2 max. A Zero-Signal DC Grid-No.2 
MAX: SIGNAL PLATE INPUT 2500 max. watts Current 0 0 A 
MAX: SIGNAL GRID-No.2 INPUT . 50 max. watts Effective RF Load Resistance. 1100 1100 ohms 
PLATE DISSIPATION 1500 max. watts Max.-Signal DC Plate Current . 0.9 1.0 A 
Maximum Circuit Values: Max.-Signal DC Grid-No.2 
Grid-No.l Circuit Resistance 

Under Any Condition: 
Current 

Max.-Signal DC Grid-No.l 
0 045 0.045 A ~, 

With fixed bias  5000max. ohms 
With fixed bias (in Class 

ABI operation)   Not recommended 
With cathode bias   Not recommended 

Current 
Max: Signal Peak RF Grid-No.l 

Voltage 
Max.-Signal Driving Power 

(Approx) 

0 

50 

0 

0 

50 

0 

A 

volts 

watts 
Grid-No.2 Circuit Impedance See note d Max.-Signal Power Output 
Plate Circuit Impedance See note e (Approx) 1000 1250 watts 

PLATE-MODULATED RF POWER AMP.-Class C Telephony` 
Carrier conditions er tube for use with max. 
modulation factor o~1.0 

Maximum CCS Ratings, Absolute Values Typical CCS Operation in 

Up to 1215 MHz Grid-Drive Circuit at 600 A11~z: 

DC PLATE VOLTAGE  2500 max. volts 
DC GRID-No.2 VOLTAGE 1000 max. volts DC Plate Voltage  1800 2000 volts 

DC GRID-No.l VOLTAGE. . . . -300 max. volts DC Grid-No.2 Voltage  500 500 volts 

DC PLATE CURRENT 0.85 max. A DC Grid-No.l Voltage  -75 -75 volts 

DC GRID-No, l CURRENT. . . . 0.2 max. A DC Plate Current  0.75 0.83 A 

PLATE INPUT 
GRID-No.2 INPUT 
PLATE DISSIPATION 

1700 max, 
35 max, 

1000 max. 

watts 
watts 
watts 

DC Grid-No.2 Current 
DC Grid-No.l Curren"t 

(Approx) 

0.015 

0.04 

0.015 

0.04 

A 

A 
Driver Power Output 

Maximum Circuit Values: (Approx) 50 55 watts 
Grid-No.l-Circuit Resistance: Useful Power Output 

Under any condition 5000 max. ohms (Approx) 650 800 watts 

FOOTNOTES 

With external flat metal shield having diameter of 8", and 
center hole approximately 3" in diameter provided with 
spring fingers that connect the shield to grid-No.2 terminal. 
Shield is located in plane of grid-No.2 terminal perpendicu-
lar to the tube axis. 

b With external flat metal shield having diameter of 8", and 
center hole approximately 2-3/8'~in diameter provided with 

spring fingers that connect the shield to grid-No.l terminal. 
Shield is located in plane of grid-No.l terminal perpendicu-
lar to the tube axis. 

` See Section V.C. of ICE-300. 
d See Section V.B.2 of ICE-300. 
e See Section V.B.1 of ICE-300. 
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RF POWER AMPLIFIER & OSC. - Class C Telegraphyc

and 

RF POWER AMPLIFIER - Class C FM Telephonyc

Maximum CCS Ratings, Absolute Values: 

Up to 1215 MHz 

Typical CCS Operation in 

Grid-Drive Circuit at 600 MHz: 

DC PLATE VOLTAGE 3000 max. volts DC Plate Voltage  2250 2500 volts 
DC Grid-No.2 Voltage . . . 500 500 volts 

DC GRID-No.2 VOLTAGE. . . . 1000 max. volts DC Grid-No.l Voltage  -75 -75 volts 
DC Plate Current  0.9 1.0 A 
DC Grid-No.2 Current 0.02 0.02 A 

DC GRID-No.l VOLTAGE. . . . -300 max. volts DC Grid-No.l Current 
(Approx  ) 0.07 0.07 A 

DC PLATE CURRENT 1.0 max. A Output Circuit Efficiency 
-~. (Approx  ) 90 90 % 

DC GRID-No.l CURRENT 0.2 max. A Driver Power Output 
(Approx. ). . . . . . . . . . . . o 70 75 watts 

Useful Power Output 
PLATE INPUT 2500 max. watts (Approx  ) 1050 1350 watts 

GRID-No.2 INPUT 50 max. watts Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

PLATE DISSIPATION 1500 max. watts Under any condition 5000 max. ohms 

CHARACTERISTICS RANGE VALUES 

1. Heater current 

Note 

1 

Min. Max. 

16.3 18.2 A 

Note l: 

Note 2: 

2. Direct Interelectrode 
Capacitances: 

Grid No.l to plate 2 - 0.181 pF Note 3: 

Grid No.1 to cathode 
& heater - 37 46 PF 

Plate to cathode 
& heater 2,3 - 0.017 pF Note 4: 

Grid No.l to grid No.2 46 62 pF 

Grid No.2 to plate 9.9 13.1 pF 
Note 5: 

Grid No.2 to cathode 
& heater 3 1.4 pF 

Note 6: 
3. Mu-Factor, Grid No.2 to 

Grid No.l  1,4 8 24 

4. Cutoff Grid-No.l Note 7: 

Voltage  1,5 -140 volts 
5. Grid-No.2 Current 1,6 -28 +12 mA 

Note 8: 
6. Useful Power Output 1,7 1000 - watts 

7. Low-Frequency Vibration 1,8 - 500 mV 

8. High-Frequency Vibration 9 (See Note 9) Note 9: 

With 5.5 volts ac on heater. 

With external flat metal shield having diameter of 8", 
and center hole approximately 3" in diameter provided 
with spring fingers that connect the shield to grid-
No.2 terminal. Shield is located in plane of grid-No.2 
terminal perpendicular to the tube axis, 

With external flat metal shield havin~ diameter of 8", 
and center hole approximately 2-3/8' in diameter pro- 
vided with spring fingers that connect the shield to 
grid-No.l terminal Shield is located in plane of grid-
No.l terminal perpendicular to the tube axis. 

With do plate voltage of 2500 volts, do grid-No.2 volt-
tage of 600 volts, and do grid-No.l voltage adjusted 
to give a plate current of Ooh amperes. 

With do plate voltage of 3000 volts, do grid-No.2 volt-
age of 1000 volts, and do grid-No.l voltage adjusted 
to give a plate current of 20 mA. 

With do plate voltage of 2500 volts, do grid-No.2 volt-
age of 500 volts, and do grid-No.l voltage adjusted to 
give a plate current of 0.6 ampere. 

In a CW cathode-driven amplifier circuit at 600 MHz 
and for conditions: do plate voltage at 2500 volts, do 
grid-No.2 voltage of 700 volts, and do grid-No.l volt-
age adjusted to give a plate current of 1~0 ampere. 
As specified in MILrE-IE Test Method 1031, and with 
plate voltage of 450 volts, grid-No.2 voltage of 300 
volts, grid-No.l voltage varied to give a plate current 
of 10 mA, and plate load resistor of 2000 ohms. 

As specified in MILrE-IE Test Method 1031. 
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DIMENSIONAL OUTLINE 

PLATE TERMINAL 
CONTACT SURFACE 

3.210 MIN, DiA. 
NOTES 1 8 2 

s 

AIR COOLED RADIATOR 

,~: 

3.72 f.03 DIA. 
NOTEI 

~: 

I 
.850 
MIN. 

~, ~~~ 
r r' '►1  

.105 MIN. 

GRID-No.2 TERMINAL 
CONTACT SURFACE 

3.010 MIN. DIA. \ 
NOTES 182 

GRID-No. l TERMINAL ,250 CONTACT SURFACE MIN. 2.307 MIN. DIA 
NOTES 18 2 

HEATER-CATHODE 
TERMINAL 

CONTACT SURFACE 
1.710 MIN. DIA. 

NOTES 18 2 

STIPPLED REGION 
NOTE 3 

.200 MIN. 

it.`.C:,,t CERAMIC INSULATOR 

~ TERMINAL TEMPERATURE 
MEASUREMENT POINT 

.135 MIN. — 

.22 MIN. 

\~ i 
~ ray': ~ ~ ~-I 1 

 _ __ ; 
is  I~-- 

i-~i  F~ 

725 ` 
 MAX. DIA. 

NOTES 18 2 

DIMENSIONS IN INCHES 

NOTE l: Concentricity between the various diameters is such 
that the tube will enter a gauge having suitably spaced con-
centric apertures and posts of the following diameters: 

a. Radiator Band — 3.7805 

b. Plate Terminal — 3.2605 

c. Grid-No.2 Terminal — 3.0605 

d. Grid-No.l Terminal — 2.3375 

e. Heater-Cathode Terminal — 1.7445 

f. Heater Terminal — 0.6945 

NOTE 2: The diameter of the terminal is held to the indicated 
value only over the contact surface length. The contact sur-
face length of the heater-cathode and grid-No.l terminals ex-
tends from the edge of its terminal to the plane coincident 
with the edge of the adjacent larger terminal. 

NOTE 3: Keep all stippled regions clear. Do not allow con-
tacts or circuit components to protrude into these annular 
volumes. Diameters of stippled areas above air-cooled radiator, 
plate terminal contact surface, and grid-No.2 terminal con-
tact surface shall not be greater than its associated diameter. 

.82 
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2. 9 
f.04 
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REFERENCE  
LINE 

37 
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Y  t 03 
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.200 
f .025 

3.24 
t.0 `./' 

HEATER-TERMINAL CONTACT SURFACE 

TERMINAL DIAGRAM 
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TUNING CHARACTERISTICS 

GRID No.l (GI) TO GRID No.2 (G2) 

C
A

V
IT

Y
 

LE
N

G
T

H
 L

-I
N

C
H

E
S

 

14 

12 

10 

8 

6 

4 

2 

0 
10 

8 

6 

4 

2 

W 

Y 

A 

O 

m 

O 

Zo = 5.9 OHMS 

O 

GRID No. I (GI) TO CATHODE (K) 
G1 

3 
~16 

L 2 OD D

22ID7~ 

Zo = 13.4 OHMS 

0 200 400 600 800 1000 1200 1400 

r_ 
r 

O 

13 
16 

L 

1 

r 
y 

-~ 

3 64 0D

432ID 

 Y 

T 
Zo = 24.4 OHMS 

~-

1 

L

I

' 

W 

d 

GRID No.2 (G2) TO PLATE (P) 

~~ 

0 200 400 600 800 1000 1200 1400 

FREQUENCY—MHz 

92CM-12591 

-5-



4618 

TYPICAL CONSTANT-CURRENT CHARACTERISTICS 
With Grid-No.2 Volts = 500 

E{ = 5.5 VOLTS 
GRID-No. 2 VOLTS = 500 
Ib =PLATE AMPERES 
ICI =GRID-No. l AMPERES ------
IC2 =GRID-No. 2 AMPERES — 
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS 
With Grid-No.2 Volts = 700 
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FORCED-AIR COOLING TUBE EXTRACTOR 
Air Flow: 

Through radiator —Adequate air flow to limit the plate-
seal temperature to 250°  C should be delivered by a 
blower, such as Rotron* AXIMAX 2, KS-408, or equiva-
lent, through the radiator before and during the appli-
cation of heater, plate, grid-No.2, and grid No.l voltages. 
See graph, Typical Cooling Characteristics. 

To Plate, Crid-No.2, Grid-No.l, Heater-Cathode, and 
Heater Terminals — A sufficient quantity of air should be 
allowed to flow past each of these terminals so that 
their temperature does not exceed the specified maximum 
value of 250°  C . 

During Standby Operation —Cooling air is required to 
the Heater-Cathode and Heater Terminals when only 
heater voltage is applied to the tube. 

During Shutdown Operation —Air flow should continue 
for a few minutes after all electrode power is removed. 

*Rotron Mfg. Co., Inc., Woodstock, N.Y. 

TYPICAL COOLING CHARACTERISTICS 
AIR FLOW THROUGH RADIATOR IN EITHER DIRECTION. 
MAXIMUM PLATE-SEAL TEMPERATURE =250°C. 
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PER GENT OF MAXIMUM RATED PLATE DISSIPATION 
FOR EACH CLA55 OF SERVICE 
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100 

Suggested Design 

NOTE I: MATERIAL I/16 THICK 
COLD ROLLED STEEL 

NOTE 2:SL0T BETWEEN HOLES 
NOTE 3: ROUND ALL EDGES 

x .250":.00s"DIA. 
2 HOLES 

~~ I.OIS"t.005'R. 

i 

I 
~ .75" 

.' '~ 

.140~t.005'DIA. 
2 HOLES 

~8.3' 

,F ~4.5°
92C5-9759RI 

MOUNTING 
See the preferred mounting arrangement below. See section 

III.C.3.a of ICE-300 for a description of the fixed method of 
mounting. The adjustable method is not recommended for the 
4618. 

PREFERRED MOUNTING ARRANGEMENT 

I 
.820 

.370 

ENLARGEMENT 

TUBE 
SEAT 

F 

  ~,, ~,, ,__,, 
~,~.,,,~ ~ 3.210 DIA. 

rt — 3.425 DIA. 

~~ ~ H 2.505 DIA. 
  1.912 DIA. 

SEE DETAIL / .—.025 WIDE s .500 DEEP 

~/ I► 

ENLARGEMENT 

DETAIL 9 CS-i26C2 

DIMENSIONS IN INCHES 



UHF Grid-Drive Operation 

Distributed Amplifier Service to 500 Mc 

Matrix-type Unipotential Cathode 

300 Watts UHF TV Output at 890 Mc 
410 Watts PEP Output at 30 Mc 

Forced-Air Cooled 

RCA-4624 
BEAM POWER TUBE 

~"~ 

RCA-4624•  is a compact forced-air-cooled 

ceramic-metal beam powertube designed especially 

for use in broadband uhf amplifier service in sta-

tionary and portable equipment. It is rated as an 

rf power amplifier in Class B television service and 

as a linear rf power amplifier in single-sideband 

service. 

Grid-drive operation of the 4624 becomes prac-

tical at uhf frequencies because of the intemal 

grid-No.2-to-cathode bypass capacitor and "cross-

over" of the grid No.l and cathode terminals. The 

large-area pins and base configuration together 

~ give low lead inductance and low input capacitance 

for uhf service. In addition, the three grid-No.l 

leads to separate pins accommodate asplit-input 

circuit for distributed amplifier service. 

/1 

l~ 

Additional features of the 4624 include a 

matrix-type Unipotential cathode, precision-aligned 

grids, and an integral louvered-fin radiator. Details 

of these features are described in the Application 

Guide for RCA Power Tubes, 10E-300. 

• Formerly Dev. No. A2733. 

INDEX 
I. DESCRIPTION 

General Data  1 
Ratings   2 
Footnotes   2 
Dimensional Outline   3 
Terminal Diagram  4 

II. CHARACTERISTICS 
Cooling   3 
Mounting   3 
Cavity Tuning Curve   4 
Plate Curves  4 
Grid Curves   4 

III. GENERAL APPLICATIONS 
This bulletin is to be used in conjunction with the 
publication Application Guide for RCA Power Tubes, 
10E-300. For a copy, write RCA, Commercial En-
gineering, Harrison, N.J. 

Page 

GENERAL DATA 

Electrical: 

Unipotential Cathode, Matrix Type: 

Heater voltage (ac or dc)  6.3 volts 

Heater current at 6.3 volts   3.5 amp 

Minimum heating time   1 minute 

See further information on the (filament in Appli-
cation Guide for RCA Power Tubes, 10E-300; 
Section V.A.3, Filament or Heater. 

Mu-Factor, Grid No.2 to Grid No.l 
for plate volts = 450, grid-No.2 
volts = 325, and plate amp. = 1.2 12 

Direct Interelectrode Capacitances: 

Grid No.l to plate  0.062 max. pf 

Grid No.l to cathode  20 pf 
Plate to cathode   6.2 max. pf 

Grid No.l to grid No  2 19 pf 

Grid No.2 to plate  2.2 pf 

Grid No.2 to cathode  590 max. pf 

Mechanical: 

Operating Position  Any 

Overall Length 2  19" max. 

Greatest Diameter 2  26" max. 

Terminal Connections  See Dimensional Outline 
Radiator  Integral part of tube 

Weight (Approx.)   4.5 oz. 

Thermal: 

Terminal Temperature (Plate, grid. 
No.2, grid No.l, cathode-heater, 
and heater)  250 max. ° C 

Plate-Core Temperature   250 max. ° C 

See Dimensional Outline jor 
temperature-measurement points 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 

RADIO CORPORATION OF AMERICA 
® Electronic Components and Devices Lancaster, Pa. 

Trademarks) ®Re9istersd 
Marca(s) Re9istrada(s) 

4624 3-64 
Printsd in U.S.A. 



4624  

RF POWER AMPLIFIER --
Class BTelevision Service° 

Synchronizing-level conditions per tube 
unless otherwise specified 

Typical CCS Operation: 

In a grid-drive circuit at 890Mc and bandwidth of 8.5 Mc 

DC Plate Voltage   2000 volts 
~/ 

DC Grid-No.2 Voltage   400 volts 

DC Grid-No.l Voltage   -55 volts 

DC Plate Current: 

Maximum CCS Ratings, Absolute-Maximum Values: Synchronizing level  350 ma 

DC PLATE VOLTAGE 2200 max. volts 
Pedestal level  

DC Grid-No.2 Current: 

260 ma 

DC GRID-No.2 VOLTAGE  400 max. volts Synchronizing level  1.3 ma 

DC PLATE CURRENT 375 max. ma 
Pedestal level  1.0 ma 

DC Grid-No.l Current: 
GRID-No.l CURRENT 100 max. ma Synchronizing level  0 ma 

PLATE DISSIPATION 400 max. watts Pedestal level  0 ma 

GRID-No.2 INPUT 8 max. watts Driver Power Output: 

Synchronizing level  30 watts 

Pedestal level  17 watts 

Output Circuit Efficiency 80 

Useful Power Output: 

Synchronizing level  300 watts 

Pedestal level  170 watts 
~/ 

LINEAR RF POWER AMPLIFIER°

Single-Sideband Suppressed-Carrier Service 

Typical CCS Operation: 

With "Two-Tone" Modulation and at 30 Mc 

DC Plate Voltage  2000 volts 

DC Grid-No.2 Voltage  400 volts ~/ 

DC Grid-No.l Voltage  -44 volts 
Peak envelope conditions for a signal having 
a minimum peak-to-average power ratio of 2 Zero-Signal DC Plate Current 100 ma 

Effective RF Load Resistance 3200 ohms 
Maximum CCS Ratings, Absolute-Maximum Values: DC Plate Current at Peak of Envelope . 335 ma 
DC PLATE VOLTAGE  2200 max. volts Average DC Plate Current  250 ma 
DC GRID-No.2 VOLTAGE   400 max. volts DC Grid-No.2 Current 
DC GRID-No.l VOLTAGE   -100 max. volts at Peak of Envelope 20 ma 

DC PLATE CURRENT Average DC Grid-No.2 Current 13 ma 
At Peak of Envelope  4506max. ma DC Grid-No.l Current  0 ma 

DC GRID-No.l CURRENT   100 max. ma Peak Envelope Driver 
GRID-No.2 INPUT  8 max. watts Power Output (Approx.)  0.3 watts 

PLATE DISSIPATION  400 max. watts Output-Circuit Efficiency (Approx.) 9L % `~ 

Distortion Products Level: 

Third Order 30 db 

Maximum Circuit Values: Fifth Order 34 db 

Grid-No.l-Circuit Resistance   30,000 max. ohms Useful Power Output (Approx.): 

Grid-No.2-Circuit Impedance  See Note e Average  205 watts 

Plate-Circuit Impedance  See Note d Peak Envelope  410 watts 

FOOTNOTES 

° 
b 

See Section V.0 of 10E-300. 

The maximum rating for a signal having a minimum peak-to-
average power ratio less than 2, such as is obtained in 
"Single-Tone" operation, is 300 ma. During short periods 
of circuit adjustment under "Single-Tone" conditions, the 
average plate current may be ae high as 450 ma. 

c See Section V.B.2 of 10E-300. 

d See Section V.B.1 of 10E-300. 
~/ 
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DIMENSIONAL OUTLINE (Dimensions in Inches) 
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CIRCLE) 

92CS-12502 

A - 2.19 max. M - 0.500 ± 0.010 W 0.081 ± 0.002 dia. 
B - 1.660 ± 0.060 Note ld Note 2b 
C - 0.610 ± 0.040 N - 0.300 max. X 0.081 ± 0.002 dia. 
D - 2.262 max. dia. P - 0.200 max. Note 2c 
E - 0.710 min. Q - 1.625 t 0.015 dia. Y 0.126 ± 0.002 dia. 
F - 0.470 max. Note le Note 2a 
G - 0.355 max. R - 0.885 max. Z - 0.245 min. dia. 
H - 0.065 max. S - 45° t 5' AA - 0.200 min. 
J - 0.024 max. T - 0.175 ± 0.005 dia. AB - 0.325 min. 
K - 1.435 max. dia. U - 0. 939 dia. AC -Note lb 

Note la V - 2.000 dia. AD -Note lc 
L - 0.400 min. dia. AE - 0.085 max. 

NOTE 1: CONCENTRICITY BETWEEN THE VARIOUS DIA-
METERS ON THE MAJOR TUBE AXIS IS SUCH THAT THE 
TUBE WILL ENTER A GAUGE HAVING SUITABLY SPACED 
CONCENTRIC APERTURES AND POSTS OF THE FOLLOW-
ING DIAMETERS: 

(a) Base seat- 1.500 
(b) Flared flange of cathode-heater cylinder terminal --0.680 
(c) Cathode-heater cylinder terminal (ID) -0.400 
(d) Cathode-heater cylinder terminal (OD) --0.525 
(e) Radiator --1.660 
(f) Cathode-heater flange terminal contact surface --1.760 

NOTE 2: CONCENTRICITY OF THE BASE PINS IS SUCH 
THAT THE TUBE WILL ENTER THE GAUGE IN NOTE 1 
HAVING SUITABLY SPACED APERTURES OF THE FOL-
LOWING DIAMETERS: 

(a) Grid-No.l pins -- 0.1450 
(b) Heater pin --0.0830 (.123 Dia. x 82° CSK.) 

(c) Grid-No.2 pins --0.0930 

NOTE 3: KEEP ALL STIPPLED REGIONS CLEAR. DO NOT 
ALLOW CONTACTS OR CIRCUIT COMPONENTS TO PRO-
TRUDE INTO THESE ANNULAR REGIONS. 

NOTE 4: RF GASKET, SUCH AS METEX* No.A2733, OR 
EQUIVALENT. 

* Metex Electronics Corp., Walnut Ave.. Clark, N.J. 

FORCED-AIR COOLING 

Air Flow: 

Through radiator-Adequate air flow to limit the 
plate-core temperature to 250° C should be delivered 
by a blower through the radiator before and during the 
application of heater, plate, grid-No.2, and grid-No.l 
voltages. 

To Plate, Grid-No.2, Grid-No.l, Cathode-Heater and 
Heater Terminals -- A sufficient quantity of air should 
be allowed to flow past each of these terminals so 
that their temperature does not exceed the specified 
maximum value of 250° C. 

During Standby Operation -Cooling air is required 
when only heater voltage is applied to the tube. 

During Shutdown Operation --Air flow should continue 
for a few minutes after all electrode power is removed. 

For further information on forced-air 
cooling, see sectionlV.Cof ICE-300. 

TYPICAL COOLING CHARACTERISTICS 

I INCOMING AIR TEMPERATURE-24°C 
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92CM-12496 

300 

Mounting 

The special base and terminal configuration of the 

4624 will require a unique mounting arrangement depend-
ing on the frequency use, type of circuit configuration 
and equipment arrangement. For further information on 
mounting, see Section III-C of the Applications Guide 
for RCA Power Tubes, 10E-300. 
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TYPICAL PLATE CHARACTERISTICS 

HEATER VOLTS=6.3 
GRID No.2 VOLTS=400 
GRID No.l VOLTS=EC1 
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TYPICAL OUTPUT CAVITY TUNING CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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CERMOLOX 
Thoriated-tungsten Mesh Filament 

Forced-Air Cooled 

10,000 Watts PEP Output 
at 30 Mc/s 

2,000Watts Carrier Output 
at 400 Mc/s 

Useful to 890 Mc/s 

High Gain-Bandwidth Products 

RCA-4628 
BEAM POWER TUBE 

RCA-4628 is aforced-air-cooled beam power 
tube designed especially for use in single side-
band service in stationary and portable equipment. 
It is rated as a linear rf power amplifier in Class AB 1
single sideband suppressed carrier service. 

The 4628 and variants of its basic design may 
also be useful in applications such as of power 
amplifiers or modulators, plate-modulated rf power 
amplifiers in Class C telephony service, rf power 
amplifier and oscillator in Class C telegraphy 
service, an rf power amplifier in Class C FM tele-
phony service, modulators, pulsed-rf amplifiers, 
regulators, or other special services. Variations 
in cooling structure or other parameters are also 
possible. For information on variants, contact 
your RCA field representative, or the nearest Dis-
trict Sales Office. 

Features of the 4628 include the CermoloX con-
struction, a thoriated-tungsten mesh filament, and 
an integral louvered-fin radiator. Details of these 
features are described in the Application Guide for 
RCA Power Tubes, 10E-300. 

~ Formerly RCA-Dev. No. A2775. 
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Cooling  7 
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III. GENERAL APPLICATIONS 
This bulletin is to be used in conjunction with the 
publication Application Guide for RCA Power Tubes, 
10E-300. For a copy, write RCA, Commercial En-
gineering, Harrison, N.J. 

GENERAL DATA 

Electrical: 

Filamentary Cathode, Thoriated-
Tungsten Mesh Type: 

Voltage l (ac or dc)   
~4.5to4.75 typical volts 

5.0 max, volts 

Current: 

Typical value at 4.5 volts  125 A 

Maximum value for starting, 
even momentarily   300 A 

Cold Resistance  0.005 ohm 

Minimum heating time  15 s 

1 Measured at tube terminals. 

See further information on the filament in Appli-
cation Guide for RCA Power Tubes, 10E-300; 
Section V.A.3, Filament or Heater. 

Mu-Factor, Grid No.2 to Grid No.l 
for plate volts = 2000, grid-No.2 
volts = 1375, and plate amp. = 9 10 

Direct Interelectrode Capacitances: 

Grid No.l to plate°   0.60 max. 

Grid No.l to filament  60 

Plate to filament°b   0.11 max. 

Grid No.l to grid No.2   65 

Grid No.2 to plate  13 

Grid No.2 to filamentb   3.3 max. 

pF 

pF 

pF 

pF 

pF 

pF 

Mechanical: 

Operating Position  Vertical, either end up 

Overall Length  5.65" max. 

Greatest Diameter  6.17" max. 

Terminal Connections   See Dimensional Outline 

Radiator   Integral part of tube 

Weight (Approx,)  10 lbs, 

Thermal: 

Terminal Temperature (Plate, grid 
No.2, grid No.l, cathode-filament 
and filament)   250 max. ° C 

Plate-Core Temperature  250 max. ° C 

See Dimensional Outline for 
temperature-measurement points 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 

RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Harrison, N. J. 

Trademarks) ®Re9isfered 

Marcos) Registrada(s) 
4628 9-65 

Prinfrrd in U.s. A. 
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LINEAR RF POWER AMPLIFIER` 
Single-Sideband Suppressed-Carrier Service 

Peck envelope conditions for ¢signal h¢uing 

Typical Class ABl CCS Operotion with 
"Two-Tone" Modulation 

¢ minimum peck-to-¢ver¢ge power ratio of 2 

Maximum CCS Ratings, Absolute-Maximum Values: 

In ¢grid-drive circuit, ¢t 30 Mc/s 

DC PLATE VOLTAGE   7500 max, volts 
DC Plate Voltage  7000 volts 

DC GRID-No.2 VOLTAGE  1650 max. volts 
DC Grid-No.2 Voltage  1500 volts 

DC GRID-No.l VOLTAGE  -750 max. volts 
DC Grid-No.l Voltage  -200 volts 

DC PLATE CURRENT AT PEAK 
OF ENVELOPE  4.0 max. A 

Zero-Signal DC Plate Current  0.5 A 

DC GRID-No.l CURRENT  500 max. mA 
Effective RF Load Resistance 1200 ohms 

GRID-No.2 INPUTe  150 max. watts DC Plate Current at Peak of Envelope. 3.0 A 

PLATE DISSIPATION  10 max. kW 
Average DC Plate Current 2.15 A 

DC Grid-No.2 Current 
Maximum Circuit Values: at Peak of Envelope  0.1 A 

Grid-No.l-Circuit Resistance Under Any Condition: Average DC Grid-No.2 Current 0.07 A 

With fixed bias  5000 max. ohms Peak-Envelope Driver Power 
Output (Approx) Note g 

With fixed bias (In Class AB1 
operation)   25,000 max, ohms Output Circuit Efficiency (Approx) 90 % `/ 

With cathode bias  Not recommended Useful Power Output (Approx.): 

Grid-No.2 Circuit .Impedance  See Note d Average  5000 watts 

Plate Circuit Impedance See Note f Peak Envelope 10 kW 

LINEAR RF POWER AMPLIFIER` 
AM Telephony Service 

Carrier conditions for use with ¢maximum 
modul¢tion f¢ctor of 1.0 

Maximum CC$ Ratings, Absolute-Maximum Values: 

DC PLATE VOLTAGE  

DC GRID-No.2 VOLTAGE 

DC GRID-No.l VOLTAGE 

DC PLATE CURRENT  

DC GRID-No.l CURRENT 

GRID-No.2 INPUT 

PLATE DISSIPATION 

7500 max, volts 

1650 max. volts 

-750 max, volts 

2.0 max. A 

500 max, mA 

150 max. watts 

10 max, kW 

Typical Class AB1 CCS Operation 

In ¢ cathode drive circuit, ¢t 400 Mc/s 

DC Plate Voltage   6500 volts 

DC Grid-No.2 Voltage   1250 volts 

DC Grid-No.l Voltage   -160h volts 

DC Plate Current   1.4 A 

DC Grid-No.2 Current  0.005 A 

Driver Power Output   75 watts 

Output Circuit Efficiency (Approx)   90 % 

Useful Power Output   2000 watts 

FOOTNOTES 

With external flat metal shield 8" in diameter having a 
center hole 3" in diameter. Shield is located in plane of 
the grid-No.2 terminal, perpendiculaz to the tube axis, and 
is connected to grid No.2. 

h With external flat metal shield 8" in diameter having a 
center hole 2-3/8" in diameter. Shield is located in plane 
of the grid-No.l terminal, perpendicular to the tube axis, 
and is connected to grid No. 1. 

c See Section V.C. of 10E-300. 

d See Section V.B.2 of 10E-300. 

e See Section V.B.3 of 10E-300. 

f See Section V.B.1 of 10E-300. 

g Driver power output represents circuit losses and is the 
actual power measured at input to grid-No.l circuit. The 
actual power required depends on the operating frequency 
and the circuit used. The tube driving power is approxi-
mately zero watts. 

h Typical value for 1 ampere of DC plate current with carrier 
turned off. 

`►t'̀  

~✓', 
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DIMENSIONAL OUTLINE 

RADIATOR 

6.17 DIA. MAX. 
NOTE la 

PLATE CORE TEMPERATURE 
/ MEASUREMENT POINT 

~~ a, 
P 

PLATE TERMINAL 
CONTACT SURFACE 

3.250±.015 DIA. —~ 
NOTE Ib 

G2 
GRID—No.2 TERMINAL 
CONTACT SURFACE 

3.028 ± .014 DIA, 
NOTE IC 

GI 
GRID—No.l TERMINAL 
CONTACT SURFACE 

2.319±.012 OIA. 
NOTES Id 812 

K— F 
CATHODE —FILAMENT 
TERMINAL CONTACT 

SURFACE 
1.850 ±.010 DIA. 

NOTES le & 2 

:3 STIPPLED REGION 
NOTE 3 

~'~1 CERAMIC INSULATOR 

• TERMINAL TEMPERATURE 
MEASUREMENT POINT 

250 
MIN. 

NOTE 2 

21 
MIN. 

NOTE 2 1.330 
±.030 

—.22 
  MIN. 
~ NOTE 2 
r 

2.190 
±,019 

4.715 
±.050 

1.940 
±.040 

REFERENCE) L .200 
SURFACE ±.025 

I 
.850 

±.035 

t

FILAMENT TERMINAL CONTACT SURFACE 

.751 ± .010 DIA. NOTES Ig 8 2 

NOTE If 

DIMENSIONS IN INCHES 

5.65 
MAX. 

92CM-12493R2 

NOTE 1: CONCENTRICITY BETWEEN THE VARIOUS DIA- NOTE 3: KEEP ALL STIPPLED REGIONS CLEAR, DO 
METERS IS SUCH THAT THE TUBE WILL ENTER A GAUGE NOT ALLOW CONTACTS OR CIRCUIT COMPONENTS TO 
HAVING SUITABLY SPACED CONCENTRIC APERTURES PROTRUDE INTO THESE ANNULAR REGIONS. 
AND POSTS OF THE FOLLOWING DIAMETERS: 

a, Radiator - 6.241 
b. Plate Terminal - 3.288 
c. Grid-No.2 Terminal - 3.061 
d. Grid-No.l Terminal - 2.338 
e. Cathode-Filament Terminal - 1,878 
f. Filament Terminal (OD) - 0.908 
g. Filament Terminal (ID) - 0.722 

TERMINAL DIAGRAM 

NOTE 2: THE DIAMETER OF THE TERMINAL IS HELD TO 
THE INDICATED VALUE ONLY OVER THE CONTACT SUR-
FACE LENGTH. THE CONTACT SURFACE LENGTH 
OF THE CATHODE-FILAMENT AND GRID-No.l TERMINALS 
EXTENDS FROM THE EDGE OF ITS TERMINAL TO THE 
PLANE COINCIDENT WITH THE EDGE OF THE ADJACENT 
LARGER TERMINAL. 

-3-
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS 

For Grid-No.2 Voltage =1250 Volts 

FILAMENT VOLTS = 4.5 TO 4.75 
GRID-No. 2 VOLTS = 1250 
PLATE AMPERES = Ib 

GRID -No. I AMPERES =ICI 
GRID- No. 2AMPERES = IC2 — — — --
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS 

For Grid-No.2 Voltage =1500 Volts 
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CAVITY TUNING CHARACTERISTICS 
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FORCED-AIR COOLING TUBE EXTRACTOR (Suggested Design) 
Air Flow: 

Through radiator —Adequate air flow to limit the 
plate-core temperature to 250°  C should be delivered 
by a blower through the radiator before and during 
the application of filament, plate, grid-No.2, and 
grid-No.l voltages. 

To Plate, Grid-No.2, Grid-No.l, Cathode-Filament, 
and Filament Terminals — A sufficient quantity of 
air should be allowed to flow past each of these 
terminals so that their temperature does not exceed 
the specified maximum value of 250°  C. 

During Standby Operation -- Cooling air is required 
when only filament voltage is applied to the tube. 

During Shutdown Operation --Air flow should continue 
forafewminutes after all electrode power is removed. 

For further information on forced-air 
cooling, see sectionlV.Cof ICE-300. 

TYPICAL COOLING CHARACTERISTICS 

INCOMING AIR TEMPERATURE-25° C 

PLATE DISSIPATION 
CURVE WATTS 
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DIRECTION OF AIR FLOW 

8"O.D. x 
1/15 THICK 
BAFFLE 

0 50 100 150 200 250 300 350 
PLATE CORE TEMPERATURE 'C (SOLID LINE) NOTE 2: CATHODE RING DIA. IS 2.030" WHEN USING 

PRESSURE DROP IN INCHES OF WATER (DASHED LINE1 7 NO. 97-360 FINGER STOCK OR 2.080" WHEN USING NO. 
92CM-13104 97-135 FINGER STOCK. MADE BY INSTRUMENT SPECIAL-

TIES CO., LITTLE FALLS, N.J. 

~o 

Lzo 

lo" 

x.200 ± .005 DIA. 

~\~--- 1.15 R. 

~.— 1.45 R. 

x.450 ± .005 
DIA. 

3.80 

I R a 

DIMENSIONS IN INCHES 

1.60 

~~

92CS-12112 

NOTE 1: MATERIAL 1/8"THICK COLD ROLLED STEEL. 

NOTE 2: SLOT BETWEEN HOLES. 

NOTE 3: ROUND ALL EDGES. 

Mounting 

See the preferred mounting arrangement below. For 
other arrangements, cavity-type mounting for multiple-
ring terminal-type tubes, such as the 4628 may be con-
structed by using either fixed or adjustable contact 
rings of finger contact strips in the transverse plane as 
described in section III.C.3 of 10E-300. 

PREFERRED MOUNTING ARRANGEMENT 

~ -----  ~~ 

(~\\\\\  ~ \\\\\V 
T '~ 

—~{ I I 3.430 DIA. 
1.050 ~ ~~ 1 3.208 DIA. 

.215 

—REFERENCE LINE 

—► 

.431 DIA,—

.125 R. 

oEra/c 

1
.430 

2.500 DIA. 

NOTE 2 

.020 WIDE x.425 DEEP 
(6 SLOTS EO. SP.) 

A' 

x.761 DIA. 

SECT/ON A A' 

+000 .531 _;002 DIA.  92cs-1za9oRz 
DIMENSIONS IN INCHES 

NOTE 1: FINGER STOCK IS NO. 97-360 MADE BY INSTRU-
MENT SPECIALTIES CO., LITTLE FALLS, N.J. 
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NEW PRODUCi 
ANNOURCEMENI 

■ 

RAUIO CONPOfl1ilON Of IMEflICA 
INTERNATIONAL DIVISION HARRISON, N. J. 

LICENSEE SERVICE 

RCA-4632 

NEW UHF CERMOLOX TUBE 

RCA-4632 joins the "8501 family" as asmaller-radiator, matrix-cathode version 

of this family of beam power tubes with precision-aligned grids, ceramic-metal 

construction, and coaxial-electrode-and-terminal structure. 

APPLICATIONS: RF Power Amplifier and Oscillator 

CAPABILITY: 2300 Watts CW Output at 890 MHz 

ADVANTAGES: Simplified Forced-Air Cooling 
Now-Famous Cemmolox Construction 

ADDITIONAL INFORMATION: A bulletin giving detailed technical information 

on the 4632 is attached for your convenience. 

October 20, 1966 

THE MOST TRUSTED NAME IN ELECTRONICS 



CERMOLOX®

Matrix-Type Cathode 

Forced-Air Cooled 

2300 Watts CW Output at 890 MHz 

Useful to 900 MHz 

High Gain-Bandwidth Products 

RCA-4632 
BEAM POWER TUBE 

RCA-4632 is a forced-au~cooled beam power tube 
designed for use in stationary and portable equipment. 
It is rated as an rf power amplifier and oscillator in 
Class B or Class C telegraphy or Class C FM tele-
phony service. 

The 4632 and variants of its basic design may 
also be useful in applications such as of power ampli-
fiers or modulators, plate-modulated rf power amplifiers 
in Class C telephony service, hard-tube modulators, 
pulsed-rf amplifiers, regulators, or other special ser-
vices. Variations in cooling structure or other para-
meters are also possible. For information on variants, 
contact your RCA field representative, or the nearest 
District Sales Office. 

Features of the 4632 include the Cermolox con-
struction, matrix-type oxide coated cathode, and an
integral louvered-fin radiator. Details of these features 
are described in the Application Guide for RCA Power 
Tubes, 10E-300. 

~Forneerly RCA-Dev. No.A2841 
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I. DESCRIPTION 

page 
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Ratings 2 

Footrutes  2 

Dimensional Outline  3 

Terminal Diagram  3 

II. CHARACTERISTICS 

Cavity Tuning Curves  4 

Constant-Current Curves 5 

Cooling 6 

Mounting 6 

III. GENERAL APPLICATIONS

This bulletin is to be used in conjunction with 
the publication Application Guide for RCA Power 
Tubes, 10E-300. For a copy, write RCA, Com-
mercial Engineering, Harrison, N.J. 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 

GENERAL DATA 

Electrical: 

Heater, for Matrix-Type Oxide-
Coated Unipotential Cathode: 
Voltages (AC or DC)   5.5 typical volts 

Current: 
Typical value at 5.5 volts  31 A 

Minimum heating time  3 min. 

See further information on the heater in Applica-
tion Guide for RCA Power Tubes, ICE-300; 
Section V.A.3, Filament or Heater. 

Mu-Factor, Grid No.2 to Grid No.l 
for plate volts = 5000 grid-No.2 
volts = 900 and plate amperes = 1.0  14 

Direct Interelectrode Capacitances: 
Grid No.l to plate°   15 max. pF 
Grid No.l to heater   60 pF 
Plate to heater°b   0.024 max. pF 
Grid No.l to grid No.2   60 pF 
Grid No.2 to plate  1`L pF 
Grid No.2 to heaterb   1.2 max. pF 

Mechanical: 

Operating Position   Any 
Overall Length  4.70" max. 
Greatest Diameter  4.570" max. 
Terminal Connections   See Dimensional Outline 
Radiator   Integral part' of tube 
Weight (Approx.)  6 lbs. 

Thermo I; 

Terminal Temperature (Plate, grid No.2, 
grid No.l, cathode-heater and 
heater)   250 max. ° C 

Plate-Core Temperature   250 max. ° C 

See Dimensional Outline for temperature-mea-
surement points 

1Measured at tube terminals. The cathode may be subjected 
to RF heating as the frequency of operation is increased. 
It is recommended that the heater voltage be operated at the 
lowest voltage that will give stable performance. 

RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Harrison, N. 1. 

Trodemork(s) QQ Registered 
Morco(:) Registradals) 

4632 10-66 
Printed in U.S.A. 
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RF POWER AMPLIFIER &OSCILLATOR — Class C Telegraphy` 

and 

RF POWER AMPLIFIER — Class C FM Telephony` 

Maximum CCS Ratings, Absolute-Maximum Values: Typical CCS Operation: 

DC PLATE VOLTAGEf 7000 max. volts In a cathode-drive circuit at 890 MHz and 
DC GRID-No.2 VOLTAGEd 1500 max. volts bandwidth of 8.5 MHz 

DC GRID-No.l VOLTAGE —250 max. volts DC Plate Voltage   3700 volts 
DC PLATE CURRENT 3 max. A 
DC GRID-No.l CURRENT 0.5 max. A DC Grid-No.2 Voltage   800 volts 

GRID-No.l INPUTe 50 max. watts DC Grid-No.l Voltage   —55 volts 
GRID-No.2INPUTd 75 max. watts DC Plate Current   2.0 A 
PLATE DISSIPATION  5000 max. watts 

DC Grid-No.2 Current  — 020 A 

DC Grid-No.l Current   0 A 
Maximum Circuit Values: 

Driver Power Outputg   200 watts 
Grid-No.l-Circuit Resistance 5000 max. ohms 
Grid-No.2-Circuit Impedance See Note d Output-Circuit Efficiency (Approx)  80 % 

Plate-Circuit Impedance See Note f Useful Power Output   2300 watts 

FOOTNOTES 

°With external flat metal shield 8" in diameter having 

a center hole 3" in diameter. Shield is located in 

plane of the grid-No.2 terminal, perpendicular to the 

tube axis, and is connected to grid No.2. 

bWith external flat metal shield 8" in diameter having 

a center hole 2-3/8"in diameter. Shield is located in 

plane of the grid-No.l terminal, perpendicular to the 

tube axis, and is connected to grid No.l. 

`See Section V.C. of 10E-300. 

dSee Section V.B.2 of 10E-300. A spark gap must be 

used to prevent the build-up of excessive grid-No.2 

voltage transients and a minimum series impedance 

of 100 ohms must be used in the grid-No.2 lead to 

limit momentary fault currents. A bleeder current of 

at least 1/10 the required plate current is also 

required. 

eSee Section V.B.3 of 10E-300. 

f See Section V.B. and V.B.1 of 10E-300. A series 

impedance of 100 ohms is required in the plate lead 

to limit momentary fault currents. 

gDriver power output includes circuit losses and is 

the actual power measured at input to grid-No.l. cir-

cuit. The actual power required depends on the 

operating frequency and the circuit used. 

-2-



4632 

DIMENSIONAL OUTLINE 

4.57 DIA. MAX. 
NOTE la 

RADIATOR 

P 
PLATE TERMINAL 
CONTACT SURFACE 
3.250 ±.015 DIA. 

NOTE Ib 

Gp 
GRID —No. 2 TERMINAL 
CONTACT SURFACE 
3.028 ± .014 DIA. 

NOTE le 

G~ 
GRID— No. t TERMINAL 
CONTACT SURFACE 
2.319 ±.012 DIA. \ 

NOTE I d a 2 

H —K 
HEATER —CATHODE TERMINAL 
CONTACT SURFACE 1.850 1.010 DIA. 

NOTE lea 2 

I'r~'~ w~~ 
• 

STIPPLED REGION —NOTE 3 

CERAMIC INSULATOR 

TERMINAL TEMPERATURE 
MEASURMENT POINT 

PLATE CORE TEMPERATURE 
MEASUREMENT POINT 

.135 
MIN. 

.725 DIA. 
MAX. 

NOTE If 
82~_—

DIMENSIONS IN INCHES 

H 
HEATER —TERMINAL 
CONTACT SURFACE 

.21 MIN 

.22 MIN. 

1.945 
*_.015 

i 1.620 

1.330 
±•040 

1.030 

i
REFERENCE 

SURFACE 

4.70 
MAX. 

4.140 
1.050 

92LM-1720 

NOTE 1: Concentricity between the vazious diameters is NOTE 3: Keep all stippled regions clear. Do not allow con-
such that the tube will enter a gauge having suits- tacta or circuit components to protrude into these 
bly spaced concentric apertures and poste of the annular regions. 
following diameters: 

a. Radiator — 4.67 
b. Plate Terminal — 3.288 
c. Grid-No.2 Terminal — 3.061 
d. Grid-No.l Terminal — 2.338 
e. HeaterCathode Terminal — 1.878 
f .Heater Terminal (ID) — •6950 

NOTE 2: The diameter of the terminal is held to the indi-
cated value only over the contact surface length. 
The contact surface length of the Heater-Cathode 
and Grid-No.l terminals extends from the edge of 
its terminal to the plane coincident with the edge 
of the adjacent larger terminal. 

TERMINAL DIAGRAM 

-3-
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CAVITY TUNING CHARACTERISTICS 

GRID No.l TO GRID No.2 

C
A

V
IT

Y
 

LE
N

G
T

H
 

L
-I

N
C

H
E

S
 

12 

10 

S 

6 

4 

2 

0 

12 GRID No.l TO CATHODE 

~'O 
O 

A 

10 

0 
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TERMINAL 

HEATER 
CATHODE 
TERMINAL 

2.000 00~. 
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OHMS 
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GRID-No.2 
TERMINAL 
GRID -No. I 
TERMINAL 

2.718 ODZ~ 

3.000 I Dz~ 
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800 1200 1600 

92LM-1722 
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TYPICAL CHARACTERISTICS 

Ef = 5.5 VOLTS 
GRID- No. 2 VOLTS = 800 
GRID-No. l VOLTS = ECI 
PLATE AMPERES 
GRID-No.2 AMPERES 
GRID-No. l AMPERES 
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FORCED-AIR COOLING 

Air Flowa 

Through radiator — Adequate air flow to limit the 
plate-core temperature to 250° C should be delivered 
by a blower through the radiator before and during 
the application of heater, plate, grid-No.2, and grid-No.l 
voltages. 

To Plate, Grid-No.2, Grid-No.l, Heater-Cathode and 
Heater Terminals — A sufficient quantity of air should 
be allowed to flow past each of these terminals so that 
their temperature does not exceed the specified maxi-
mum value of 250° C. 

During Standby Operation —Cooling air is required 
when only heater voltage is applied to the tube. 

During Shutdown Operation —Air flow should continue 
for a few minutes after all electrode power is removed. 

TYPICAL COOLING CHARACTERISTICS 

t  I :  DIRECTION OF AIR FLOW 
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TUBE EXTRACTOR 
Suggested Design 

H-- I.8"~

1 

NOTE I: MATERIAL I/I '" THICK 
COLD ROLLED STEEL 

NOTE 2~ SLOT BETWEEN HOLES 
NOTE 3: ROUND ALL EDGES 

Mounting 

~~~' 

x,250":.00s"DIA. 
2 MOLES 

~6.3~ 

,i .~4,5' 
' 92CS-9739R1 

~~ Lols':.00s"R. 

I 
~~ 

~ .~s„

.~ 

.14C('t.005"DIA. 
2 MOLES 

See the preferred mounting arrangement below. For 
other arrangements, cavity-type mounting for multiple-
ring terminal-type tubes, such as the 4632,may be con-
structed by using either fixed or adjustable contact 
rings of finger contact strips in the transverse plane as 
described in section III.C.3 of ICE-300. 

PREFERRED MOUNTING ARRANGEMENT 

j` 

~~~~~~ ~ ~~~~~y
~.r ____--_~~ 

I ~ 3.430(NOTE I) 
I.O50 ~ 1 DIA. 

1  
-~   ~ ---'3.208 DIA.(NOTE I) 

SEE DETAIL 

-REFERENCE LINE 

.215 
.430 

2.500 DIA.(NOTE I) 

NOTE 2 

< .025 WIDE z .500 DEEP 
(8 SLOTS E0 SP.) 

DETAIL 

DIMENSION IN INCHES 

NOTE 1: Finger Stock is No.97-360 made by Instrument 
Specialties Co., Little Falls, N.J. 

NOTE 2: Cathode Ring dia. is 2.030" when using No.97-360 
Finger Stock or 2.080" when using No.97-135 
Finger Stock. Made by Instrument Specialties Co., 
Little Falls, N.J. 

92LS-1732 
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~c~~ Klystron 

~~ 

Electronic 
Components 

C Band Klystron 

■ Gang Tuned Cavities 

■ Air Cooled 

■ High Efficiency 

■ High Power Gain 

■ Compact 

■ Sturdy 

The RCA 4658/VA888D is a permanent magnet focused, 
gang-tuned, four-cavity klystron designed to deliver more 
than one kilowatt of CW output power at C Band for com-
munication and radar applications. 

This klystron is ideal for applications such as tropospheric 
forward scatter communications because of its l ight weight, 
air cooling, and permanent-magnet focusing. It operates at 
high efficiency and high power gain over the entire tunable 
range from 4.4 to 5.0 GHz. These characteristics permit the 
use of small power supplies andl low power RF drivers to 
obtain minimum system size, weight, and cost. 

This bulletin gives information describing the RCA 4658/ 
VA888D. Supplementary application information covering 
handling, installation and operation, may be obtained 
through your RCA Field Representative, or write Super 
Power Tube Marketing, Lancaster, PA 17604. 

General Data 

Frequency   4.4 to 5.0 

Electrical: 

4658/VA888D 

Weight (approx.)   (17.2 kg) 38 Ib 
In commercial pack   (18.1 kg) 40 Ib 

In military pack   (22.5 kg) 50 Ib 

Thermal: 

Collector Temperature (max.)   260 

Body Temperature (max.)   150 

Tuner Fin Temperature (max.)   150 

Electron Gun Potting 

Insulation temperature (max.)   250 oC 
Storage temperature (min.)   -65 oC 

Cooling 

Forced air flow across the collector, body, and tuner, is renuired. 

Typical air requirements for operation with 20o C ambient air tem-
perature at sea level are: 

Min Reg 
Air Flow 

Max 
Press-Drop 

oC 

oC 

oC 

Ib/min kg/min in H2O cm HyO 

Collector  7.5 3.4 2.0 5.1 

Body &Tuners  0.85 0.38 0.75 1.9 

GHz Performance 

Cathode   Indirectly-heated Tungsten 
Dispenser Cathode 

Filament: 

Voltage 6  5 ± 0.5 V 

Current at 6.5 V   7.6 A 

Maximum current   8.2 A 
Warmup time (min.)   180 s 

Maximum CW Ratings, Absolute-Maximum Values: 

DC Beam Voltage  

DC Beam Current  

DC Body Current  

Surge Current  

Load VSWR  

Input VSWR  

Typical CW Operation: 

Mechanical: High Efficiency Tuned 

,/'►~, Mounting Position   Any Frequency 

Length (max.)   (393 mm) 15.5 in DC Beam Voltage  

Width Imax.l   (267 mm) 10.5 in DC Beam Current  

4.4 GHz 

7.5 

490 

8.5 kV 

600 mA 

60 mA 

25 A 

2.0:1 

2.0:1 

5.0 GHz 

7.5 kV 

490 mA 

Information furnished by RCA is believed to be atturate and 
reliable. However, no responsibility is assumed by RCA for 
its use; nor for any infringements of patents or other rights of 
third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or 
patent rights of RCA. 

Printed in U.S.A./ 5.70 
4658/VA888D 



4658/VA888D 

Typical CW Operation (cont'd.) 
High Efficiency Tuned 
Frequency 4.4 GHz 5.0 GHz 

DC Body Current  10.0 10.0 mA 
RF Power Output  1.45 1.30 kW 
Bandwidth 13 dBl  8.0 10.0 MHz 

Efficiency  39.0 35.0 
Gain  44.0 44.0 dB 
Drive  50.0 50.0 mW 
Load VSWR  1.05:1 1.05:1 
Input VSWR  1.3:1 1.3:1 - 

High Gain Tuned 
Frequency 4.4 GHz 5.0 GHz 
DC Beam Voltage  7.5 7.5 kV 

DC Beam Current  490 490 mA 

DC Body Current  10.0 10.0 mA 

RF Power Output  1.30 1.15 kW 

Bandwidth (3 d61  6.0 8.0 MHz 

Efficiency  35.0 31.0 
Gain  51.0 51.0 d6 
Drive  10.0 10.0 mW 
Load VSWR  1.05:1 1.05:1 
Input VSWR  1.3:1 1.3:1 

Broadband Tuned 
Frequency 
DC Beam Voltage  

4.4 GHz 
7.5 

5.0 GHz 
7.5 kV 

DC Beam Current  490 490 mA 
DC Body Current  10.0 10.0 mA 
RF Power Output  1.35 1.25 kW 
Bandwidth 13 dB)  13.0 19.0 MHz 
Efficiency  36.0 33.0 
Gain  41.0 41.0 dB 
Drive  100.0 100.0 mW 

Load VSWR   1.05:1 1.05:1 -
Input VSWR   1.3:1 1.3:1 - 

General Information 

Installation and Operation 

No installation or operation should be attempted without 

first consulting the Installation and Operating Instructions 
shipped with each tube or available on request from Super 
Power Marketing, RCA, Lancaster, PA. 

RCA reference publications required for the installation and 
operation of this device include the following: 

Data Sheet -RCA-4658/VA888D 
Application Note AN 4213 
Application Guide ICE-279A 

These publications are available as a complete packet - re-
quest PWR 543 "Applications Information for the RCA-
4658/VA888D klystron." 

Personnel Safety 

The high voltages and microwave radiations from this device 

can be dangerous to life. High voltage shielding and inter-

lock precautions must be taken and al l rf connections must 

be tightly closed and rf terminals shielded. 

Packaging 

Two types of packaging are available with these tubes; Com-
mercial Pack and Military Pack. The customer specifies the 
desired type. 

The Commercial Pack is made of nesting carboard cartons 
with the inner carton shock-mounted. The Military Pack 

complies with MIL-S-4473C for air shipment. It uses a her-

metically-sealed metal container which protects the tube 

and serves to shield the area surrounding the pack from 

stray magnetic fields setup by the klystron focusing magnet. 

In shipment, the tube is enclosed in a polyethylene bag topre-
ventdust and other particles from col lecting in the waveguide 

or tuning system. It is recommended that the tube be stored 

in the bag and in the shipping container when not in use. 

Dust or other unwanted particles in the waveguide can cause 

arcing during operation and subsequent tube destruction. 

Cooling 

Air ducts must be provided to connect to the top of the col-

lector and the tuner cooling duct. See Outline Drawing. 

Mounting 

Four holes are provided in the gun-end of the focusing mag-

net for mounting purposes. Only non-magnetic studs should 

be used. 

Thermocouple 

A thermocouple mounted on the collector provides a signal 
output for excessive collector temperature. This output is 
used to operate protective circuitry. 

Tuning 

Tuning is accomplished by a single knob which "gang-tunes" 

al l four cavities simultaneously. The second, third and out-

put cavities may be individually trimmed for optimizing the 
tube performance at any frequency within the tube opera-
ting band. See Outline Drawing. 

Protection Circuits 

Protection circuits serve a threefold purpose: safety of per-
sonnel, protection of the tube and protection of tube cir-
cuits. Consult Application Guide ICE-279A for complete 
information on protection circuits. 
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Tabulated Dimensions" for the Outline Drawing 

Dimension 

Reference 

Specified Values 

Inches Millimeters 

A 15.5 max. 393.7 max. 

B 4.06 ± .12 103.1 ± 3.0 

C 1.80 ± .12 45.7 ± 3.0 

0 3.5 max. 88.9 max. 

E 3.00 ± .06 76.2 ± 1.5 

F 3.80 ± .12 96.5 ± 3.0 
G 0.68 ± .05 17.3 ± 1.3 
H 1.80 ± .09 45.7 ± 2.3 

+ .15 +3.8 
J 0.68 

_ .10 
17.3 

_2.5 

K 6.25 max. 158.8 max. 

M 1.50 ± .03 38.1 ± .8 

N Dia. 4.12 ±.03 101.6 ± .8 

P Dia. 2.130 ± .015 54.10 ± .38 

R 10.5 max. 266.7 max. 

S 6.5 ±.5 165.0 ±13.0 

T 0.50 ± .12 12.7 ± 3.0 

U 15.00 ± .25 381.0 ± 6.0 
V 3.25 max. 82.55 max. 

W 5.00 ± .06 127.0 ± 1.5 

X 2.50 ± .O6 63.5 ± 1.5 
Y 1.00 ± .06 25.4 ± 1.5 

Z 2.00 ± .06 50.8 ± 1.5 

AA 3.00 ± .O6 76.2 ± 1.5 

AB 2.10 ±.02 53.34 ± .51 

AD 1.00 ±.03 25.4 ± .8 
AE 2.00 ±.03 50.8 ± .8 
A K 0.440 ± .010 1 1.18 ± . 25 
A L 0.230 ± .005 5.84 ± .13 
AM Dia. 0.249 ±.002 6.325 ±.051 
AP 3.00 ± .O6 76.2 ± 1.5 
AR 4.75 ±.12 120.6 ±3.0 

Notes for Outline Drawing 

1. Mates with Type "N" Connector UG-21 B/U or equivalent. 

2. Dimension applies to Shaft No.1 only. 

3. Dimension applies to Shafts No,'s 2, 3, and 4 only. 

4. Mates with UG-149 A/U or equivalent. 

5. Holes 10-32 UNF-2B equally spaced on 3.250" ± .032" 
(82.6±.8 mm) dia. circle. 

6. Holes 0.437" ± .062" (11.1 ± 1.6 mm) thru (One side only). 

7. High-Voltage Lead Designation 
Heater Lead -Yellow 
Heater-Cathode Lead -White 

8. Thru-holes checked with gauge. 

9. Three spaces between shafts are 0.70" ± .03" (17.8 ± .8 mm) 
and add to 2.100" (53.34 mml. Shafts are numbered as 
shown. 

10. Tolerance for this dimension applies to location of four 0.201" 
(5.11 mm) holes. 

11. Hole $}6-32 UNC-26, 0.25" (6.35 mm) minimum depth. 

'Basic dimensions are in inches unless otherwise stated. Metric 
equivalents are derived from the basic inch dimensions (One inch 
25.4 millimeters). 
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Electronic 
Components 

C Band Klystron 

■ 5.0 Kilowatts Pulsed Power Output 

■ High Efficiency -High Power Gain 

■ Compact -Sturdy 

■ Gang-Tuned Cavities 

■ Air Cooled 

The RCA 4659 is apermanent-magnet focused, gang-tuned, 
four cavity klystron designed to deliver in excess of five 

kilowatts of pulsed power at C-Band for radar applications. 

Its light weight, air cooling and permanent magnet focusing, 

plus high efficiency and high power gain, permit the use of 

small power supplies and low power drivers to obtain mini-

mum system size, weight and cost. 

This data sheet gives information describing the RCA 4659. 
Supplementary application information, covering handling, 
installation and operation, may be obtained through your 
RCA Field Representative, or write RCA Super Power Tube 
Marketing, Lancaster, PA 17604. 

General Data: 

Klystron 

4659 

Tuner Fin Temperature (maximum)   150 oC 

Electron Gun Temperature 

Insulation (maximum)   250 oC 

Storage (minimum)   -65 oC 

Cooling: Forced air flow across the collector, body and tuner is 
required. 

Typical air-flow requirements 
(20o C at sea level pressure) 

Collector . . 

Body and 
Tuner . . . . 

Min. Air Flow 
Ibs/min. kg/min. 

7.5 3.4 

Max. Press Drop 
in H2O cm H2O 

2.0 5.1 

0.85 0.38 0.75 1.9 

n 
Electrical: 

Cathode   Indirectly-Heated Tungsten Dispenser Cathode 

Filament 

Typical Rating as a Pulsed RF Amplifier 

Maximum Ratings, Absolute-Maximum Values: 

Voltage  6.5 ± 0.5 V Pulsed Beam Voltage  14.0 max, kV 
Current lat 6.5 V)  7.6 A Pulsed Beam Current  1.6 max. A 

Current (maximum) 8.2 A Pulse Width  500 µsec 

Warm-Up Time  180 s Duty  0.2 % 

Mechanical: 
Typical Pulsed Operation 

Mounting Position  Any 

Length (maximum)  (393 mm1 15.5 in Frequency  4.7 GHz 

Width (maximum►  (267 mm) 10.5 in Pulsed Beam Voltage  12.0 kV 

Weight (approx.) Pulsed Beam Current  1.4 A 

Uncrated  (17.2 kg) 38 Ib Pulsed Power Output"  5.0 kW 

In commercial pack  (18.1 kg) 40 Ib Power Gain  50.0 d8 

In military pack  122.5 kg) 50 Ib Efficiency  30.0 % 

Pulse Width  5.0 µsec 
Thermal: 

/~~ Duty  0.2 % 

Collector Temperature (maximum)  260 oC 
"A waveguide transformer was used to optimize the power output 

Body Temperature (maximum)  150 oC at the stated frequency 

Infarmahon furnished by RCA is believed to ba accurateand 
aeliable. However, no responsibdity,is assumed by 'RCA tor" 
its use; nor for any ~ofrmgements of patents or other rrghts of 
third panies which may result from its use. No license is 
granted by implication or otherwise under any patent or 
patent rights of RGA. 

Printed in U.S.A-/ 5-70 
4659 
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Notes for Outline Drawing Tabulated Dimensions for the Outline Drawing 

1. Mates with Type "N" Connector UG-21 B/U or equivalent. Dimension Specified Values ~~ 

2. Dimension applies to Shaft No.t only. Reference Inches Millimeters 

3. Dimension applies to Shafts No.'s 2, 3, and 4 only. A 15.5 max. 393.7 max. 
B 4.06±.12 103.1 ±3.0 

4. Mates with UG-149 A/U or equivalent. C 1.80 ± .12 45.7 ± 3.0 

5. Holes 10-32 UNF-2B equally spaced on 3.250" ± .032" D 3.5 max. 88.9 max. 

(82.6 ± .8 mm) dia. circle. E 3.00 ± .06 76.2 ± 1.5 

6. Holes 0.437" ± .062" (11.1 ± 1.6 mm) thru (One side onlyl. 
F 3.80 + .12 96.5 + 3.0 
G 0.68-.05 17.3-1.3 

7. High-Voltage Lead Designation H 1.80 ± .09 45.7 ± 2.3 
Heater Lead -Yellow + ,15 + 3.8 
Heater-Cathode Lead -White J 0'68 - .10 17'3 - 2.5 

8. Thru-holes checked with gauge. K 6.25 max. 158.8 max. 
M 1.50±.03 38.1 ±.8 

9. Three spaces between shafts are 0.70" ± .03" (17.8 ± .8 mm) 
N Dia. 4.12 ± .03 101.6 ± .8 

and add to 2.100" (53.34 mm1. Shafts are numbered as p Dia. 2.130 ± .015 54.10 ± .38 
shown. R 10.5 max. 266.7 max. 

10. Tolerance for this dimension applies to location of four S 6.5 ± .5 165 ± 13.0 
0.201" (5.11 mm) holes. T Dia. 0.250±.015 6.35±.38 

11. Hole $p6-32 UNC-26, 0.25" (6.35 mm) minimum depth. U 13.50 ± .25 343.0 ± 6.0 ~'✓ 

V 3.25 max. 82.55 max. 
W 5.00±.06 127.0±1.5 
X 2.50±.06 63.5±1.5 
Y 1.00 ± .06 25.4 ± 1.5 
Z 2.00±.06 50.8±1.5 
AA 3.00±.06 76.2±1.5 
AB 2.10±.02 53.34±.51 

AC 0.201 ±.010 5.11 ±.25 

AD 1.00±.03 25.4±.8 
AE 2.00±.03 50.8±.8 
A F 3.25 ± .02 82.55 ± .51 ~~ 
AG 3.75 ± .03 95.3 ± .8 
AH 0.25±.03 6.4±.8 
AJ 0.62±.03 15.8±.8 

AK 0.440±.010 11.18±.25 
A L 0.230 ± .005 5.84 ± .13 
AM Dia. 0.249 ± .002 6.325 ± .051 

Basic dimensions are in inches unless otherwise stated. Metric equiv- AN 0.125±.030 3.2±.8 
alents are derived from the basic inch dimensions. (One inch = 25.4 AP 3.00±.06 76.2± 1.5 
millimeters►. AR 4.75 ± .12 120.6 ± 3.0 

2 
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General Information 

Installation and Operation 

No installation or operation should be attempted prior to 
consulting the Installation and Operating instructions ship-

ped with each tube or available upon request from Super 
Power Tube Marketing, RCA Lancaster, PA 17604. 

RCA reference publications helpful for the installation and 
operation of the RCA 4659 include the following: 

Data Sheet —RCA 4659 
Application Note — AN 4213 
Application Guide — 10E-279 

These publications are available as a complete packet —

Request PWR-544, "Application Information for the RCA 
4569 Klystron." 

Personnel Safety 

The high voltages and microwave radiations from this de-
vice can be dangerous to life. High voltage shielding and 
interlock precautions must be taken and all rf connections 
must be tightly closed and rf terminals shielded. 

This device, in operation, may produce X-Radiation which 

can constitute a health hazard. Shielding or other pre-
cautions may be required. 

Packaging 

Two types of packaging are available with these tubes; 
Commercial Pack and Military Pack. The customer specifies 
the desired type. 

The Commercial Pack is made of nesting, cardboard cartons 
with the inner carton shock-mounted. The Military Pack 
complies with MIL-S-4473C for air shipment. It uses an 
hermetically-sealed, metal container which protects the tube 
and serves to shield the surrounding area from stray mag-
netic fields set up by the klystron focusing magnet. 

During shipment, the tube is enclosed in a polyethylene bag 
to prevent dust and other particles from collecting in the 
waveguide or tuning systems. It is recommended that the 
tube be stored in the bag and in the shipping container when 

not in use. Dust or other unwanted particles in the wave-
guidecan cause arcing during operation and subsequenttube 
destruction. 

Cooling 

Air ducts must be provided to connect to the top of the 
collector and the tuner cooling duct. See the Outline 
Drawing. 

Mounting 

Four holes are provided in the gun end of the focusing 
magnet for mounting purposes. Only non-magnetic studs 
should be used. 

Thermocouple 

A thermocouple, mounted on the collector, provides a sig-
nal which will indicate excessive collector temperature. 
This output can be used to operate protective circuitry. 

Tuning 

Tuning is accomplished by a single knob which gang tunes 
all four cavities simultaneously. The second, third and out-
put cavities may be individually trimmed for optimizing the 
tube performance at any frequency within the tube opera-
ting band. See Outline Drawing. 

Protection Circuits 

Protection circuits serve a three fold purpose: safety of 
personnel, protection of the tube, and protection of the 
circuits. Consult "Application Guide" 10E-279 for com-
plete information on protection circuits. 

RCA I Electronic Components I Harrison, NJ 07029 
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Electronic 
Components 

C Band Klystron 

■ 5.0 Kilowatts Pulsed Power Output 

■ High Efficiency -High Power Gain 

■ Compact -Sturdy 

■ Gang-Tuned Cavities 

■ Air Cooled 

The RCA 4660 is apermanent-magnet focused, gang-tuned, 
four cavity klystron designed to deliver in excess of five 
kilowatts of pulsed power at C-Band for radar applications. 

Its light weight, air cooling and permanent magnet focusing, 
plus high efficiency and high power gain, permit the use of 
small power supplies and low power drivers to obtain mini-
mum system size, weight and cost. 

This data sheet gives information describing the RCA 4660. 
Supplementary application information, covering handling, 
installation and operation, may be obtained through your 
RCA Field Representative, or write RCA Super Power Tube 
Marketing, Lancaster, PA 17604. 

General Data: 

Klystron 

4660 

Tuner Fin Temperature (maximum)   150 oC 

Electron Gun Temperature 

Insulation (maximum)   250 oC 

Storage (minimum)   -65 oC 

Cooling: Forced air flow across the collector, body and tuner is 
required. 

Typical air-flow requirements 
(20o C at sea level pressure) 

Collector . . 

Body and 
Tuner . . . . 

Min. Air Flow 
Ibs/min. kg/min. 

7.5 3.4 

Max. Press Drop 
in H2O cm H2O 

2.0 5.1 

0.85 0.38 0.75 1.9 

/', 

Electrical: 

Cathode   Indirectly-Heated Tungsten Dispenser Cathode 

Filament 

Typical Rating as a Pulsed RF Amplifier 

Maximum Ratings, Absolute-Maximum Values: 

Voltage  6.5 ± 0.5 V Pulsed Beam Voltage  14.0 max. kV 

Current (at 6.5 V)  7.6 A Pulsed Beam Current  1.6 max. A 

Current (maximum) 8.2 A Pulse Width  500 µsec 

Warm-Up Time 180 s Duty  0.2 

Mechanical: 
Typical Pulsed Operation 

Mounting Position  Any 

Length (maximum)  (393 mm) 15.5 in Frequency  4.7 GHz 

Width (maximum)  (267 mm) 10.5 in Pulsed Beam Voltage  12.0 kV 

Weight (approx.) Pulsed Beam Current  1.4 A 

Uncrated  (17.2 kg) 38 Ib Pulsed Power Output*  5.0 kW 

In commercial pack  (18.1 kg) 40 I b Power Gain  50.0 d6 

In military pack  (22.5 kg) 50 I b Efficiency  30.0 

Pulse Width  5.0 µsec 
Thermal 

Duty  0.2 
~~ Collector Temperature (maximum)  260 °C *A waveguide transformer was used to optimize the power output 

Body Temperature (maximum)  150 °C at the stated frequency 

Information furnished by RCA is believed to be accurate and 
reliable. However, no responsibility is assumed by RCA for 
its use; nor for any infringements of patents or other rights of 
third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or 
patent rights of RCA. 

Printed in U.S.A./ 5-70 
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Notes for Outline Drawing Tabulated Dimensions for the Outline Drawing 

1. Mates with Type "N" Connector UG-21 B/U or equivalent. 

2. Dimension applies to Shaft No.1 only. 

3. Dimension applies to Shafts No.'s 2, 3, and 4 only. 

4. Mates with UG-149 A/U or equivalent. 

5. Holes 10-32 UNF-26 equally spaced on 3.250" ± .032" 

(82.6 ± .8 mm) dia. circle. 

6. Holes 0.437" ± .062" (11.1 ± 1.6 mm) thru (One side onlyl. 

7. High-Voltage Lead Designation 
Heater Lead -Yellow 
Heater-Cathode Lead -White 

Dimension Specified Values 
Reference Inches Millimeters 

A 15.5 max. 393.7 max. 

B 4.06±.12 103.1 ±3.0 

C 1.80±.12 45.713.0 

D 3.5 max. 88.9 max. 

E 3.00±.06 76.2±1.5 

F 3.80±.12 96.5±3.0 

G 0.68±.05 17.3±1.3 

H 1.80±.09 45.7±2.3 

J 
0.68+.10 17.3+2.5 

V 

8. Thru-holes checked with gauge. K 6.25 max. 158.8 max. 

9. Three spaces between shafts are 0.70" ± .03" (17.8 ± .8 mm) 
M 1.50 ± .03 38.1 ± .8 

and add to 2.100" (53.34 mm1. Shafts are numbered as 
N Dia. 4.12 ± .03 101.6 ±.8 

P Dia. 2.130±.015 54.10±.38 
shown. 

R 10.5 max. 266.7 max. 

10. Tolerance for this dimension applies to location of four S 6.5 ± .5 165 ± 13.0 
0.201" (5.1 1 mm) holes. T 0.50 ± .12 12.7 ± 3.0 

11. Hole $~6-32 UNC-2B, 0.25" (6.35 mm) minimum depth. U 15.00 ± .25 381.0 ± 6.0 ``,~f 

V 3.25 max. 82.55 max. 
W 5.00±.06 127.0±1.5 

X 2.50 ± .06 63.5 } 1.5 

Y 1.00 ± .06 25.4 ± 1.5 

Z 2.00 ± .06 50.8 ± 1.5 

AA 3.00 ± .06 76.2 ± 1.5 

AB 2.10±.02 53.34±.51 

AD 1.00±.03 25.4±.8 

AE 2.00±.03 50.8±.8 

AK 0.440±.010 11.18±.25 

A L 0.230 ± .005 5.84 ± .13 ~~, 

Basic dimensions are in inches unless otherwise stated. Metric equiv- AM Dia. 0.249 ±.002 6.325 ±.051 

alents are derived from the basic inch dimensions. (One inch = 25.4 AP 3.00±.06 76.2 ± 1.5 

millimeters►. AR 4.75 ± .12 120.6 ± 3.0 

~`/ 
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General Information 

Installation and Operation 

No installation or operation should be attempted prior to 
consulting the Installation and Operating instructions ship-

ped with each tube or available upon request from Super 

Power Tube Marketing, RCA Lancaster, PA 17604. 

RCA reference publications helpful for the installation and 
operation of the RCA 4660 include the following: 

Data Sheet —RCA 4660 
Application Note — AN 4213 
Application Guide — 10E-279 

These publications are available as a complete packet —

Request PWR-545, "Application Information for the RCA 

4660 Klystron." 

Personnel Safety 

The high voltages and microwave radiations from this de-
vice can be dangerous to life. High voltage shielding and 
interlock precautions must be taken and all rf connections 
must be tightly closed and rf terminals shielded. 

This device, in operation, may produce X-Radiation which 

can constitute a health hazard. Shielding or other pre-

cautions may be required. 

Packaging 

Two types of packaging are available with these tubes; 
Commercial Pack and Military Pack. The customer specifies 
the desired type. 

The Commercial Pack is made of nesting, cardboard cartons 
with the inner carton shock-mounted. The Military Pack 
complies with MIL-S-4473C for air shipment. It uses an 
hermetically-sealed, metal container which protects the tube 
and serves to shield the surrounding area from stray mag-
netic fields set up by the klystron focusing magnet. 

During shipment, the tube is enclosed in a polyethylene bag 
to prevent dust and other particles from collecting in the 
waveguide or tuning systems. It is recommended that the 
tube be stored in the bag and in the shipping container when 

not in use. Dust or other unwanted particles in the wave-
guidecan cause arcingduring operation and subsequent tube 
destruction. 

Cooling 

Air ducts must be provided to connect to the top of the 
collector and the tuner cooling duct. See the Outline 
Drawing. 

Mounting 

Four holes are provided in the gun end of the focusing 
magnet for mounting purposes. Only non-magnetic studs 
should be used. 

Thermocouple 

A thermocouple, mounted on the collector, provides a sig-
nal which will indicate excessive collector temperature. 
This output can be used to operate protective circuitry. 

Tuning 

Tuning is accomplished by a single knob which gang tunes 
all four cavities simultaneously. The second, third and out-
put cavities may be individually trimmed for optimizing the 
tube performance at any frequency within the tube opera-
ting band. See Outline Drawing. 

Protection Circuits 

Protection circuits serve a three fold purpose: safety of 
personnel, protection of the tube, and protection of the 
circuits. Consult "Application Guide" 10E-279 for com-
plete information on protection circuits. 

RCA I Electronic Components I Harrison, NJ 07029 
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Linear RF Beam Power Tube 

RCA-4661 

The RCA-4661 is designed specifically for use in high altitude 
communication equipment. Its ruggedized construction and long 
ceramic make it ideally suitable for airborne service where 
unpressurized equipment is used in linear, low-noise applications. 

It is similar in construction to the 8792 except for the 
cutout on the fin assembly and a longer ceramic. The cutouts were 
included to permit cooling b~~ directing the air radially to the 
tube anode in a Collins transmitter. The longer ceramic assures 
the required high-altitude voltage hold-off. 

The air flow data reflects the requirements of the 8792. The 4661 
will need the same weight of air, but has a lower differential pressure 
drop than the 8792. 

This tube is now available for use in current equipment design. 

June 15, 1970 



r~t~~,~~ 
Electronic 
Components 

Power Tube 

4661 

CERMOLOX ° Beam Power Tube 

■ Ruggedized 

■ Reliable 

■ Forced-Air Cooled 

■ Matrix Cathode 

■ Full Input to 400 MHz 

■ Over 1000 Watts CW FM 

■ Over 250 Watts CW AM Linear 

The RCA 4661 * is designed specifically to meet the low 

noise and stringent environmental conditions in unpres-

surized, airborne communication service. In these equip-

ments it is rated for both FM and linear-AM telephony 

operation. In FM telephony service the 4661 can deliver 

1160 watts of useful, CW power output at a bandwidth of 

4.4 MHz and a gain of 12 d6. As an AM linear amplifier the 
4661 can deliver 280 watts of useful CW power output at 

4.5 MHz bandwidth and 12 dB gain. 

The sturdy, coaxial, CERMOLOX tube construction mini-

mizes tube inductances and feed-thru capacitances. This 

enables the use of straight-forward cavity circuit-design 

techniques for operation up to 500 MHz and also mini-

mizesinduced noise problems in linear systems. Its efficient, 

forced-air-cooled radiator reduces blower-noise problems 
and increases overall system efficiency, while the rugged 
matrix cathode increases system reliability. 

To assure compliance with environmental design objectives, 
sample tubes are regularly subjected to 15g-11-millisecond 
shock, and up to 10g-5 to 500 hertz vibration testing. 

This bulletin gives application information unique to the 
RCA 4661. General information, covering the installation 

and operation of this tube type, is given in the "Applica-
tion Guide for RCA Power Tubes", 10E-300. Close atten-
tion to the instructions contained therein will assure longer 
tube life, safer operation, less equipment downtime, and 
fewer tube-handling accidents. 

Formerly RCA Dev. No.A2921. 

Trademarks) Q Re9isfered 
Marca(s) Registrado(s) 

General Data 

Electrical: 

Heater-Cathode: 

Type   Unipotential, Oxide Coated, Matrix Type 

( 5.5 typ. V 

{( 5.8 max. V 

Current (@ 5.5 V)   17.3 A 

Minimum heating time   180 s 

Mu Factorb   6.5 
(Grid No.1 to Grid No.2) 

Direct Interelectrode Capacitances: 

Grid No.1 to platec   0.14 pF 

Grid No.1 to Cathode-Heater   38 pF 

Plate to Cathode-Heaterc   0.02 pF 

Grid No.1 to Grid No.2   52 pF 

Grid No.2 to Plate   13 pF 

Grid No.2 to Cathode-Heaterc   1.4 pF 

Mechanical: 

Operating Position   Any 

Maximum Length   (98.0 mm) 3.86 in 

Greatest Diametsr   (94.7 mm) 3.73 in 

Terminal Connection   See Dimensional Outline 

Socket   See page 6 

Radiator   Integral part of tube 

Weight (Approx.)   (0.9 kg) 2 Ibs 

Voltages (AC or DC)  

Thermal: 

Ceramic-Metal Interface Temperatured   250 max. °C 
(Plate, grid No.1, grid No.2, 
cathode-heater, and heater) 

Plate Core Temperatured   250 max. o C 

Information furnished by RCA is believed to be accurate end' 
reliable. However, no responsibility is assumed by RCA for 
its use; nor for any infringements of patents or other rights of 
third parries which may result from its use. No license is 
granted by implication or otherwise under any patent or 
paten[ rights of RCA. 

Printed in U:S.A /5-70 
46&1 
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Linear RF Power Amplifiers 

AM Telephony Service, Class AB 

Carrier conditions for use with a maximum modulation factor of 1.0 

Maximum CCS Ratings, Absolute-Maximum Values: 

DC Plate Voltagef   3500 max. V 

DC Grid-No.2 Voltage9   1000 max. V 

DC Grid-No.1 Voltageh   -300 max. V 

DC Plate Current   700 max. mA 

Grid-No.2 Input   50 max. W 

Plate Dissipation   1500 max. W 

Calculated CCS Operation as a Class AB1 Amplifier: 

In a cathode-drive circuit at 400 MHz with an output circuit band-
width of 4.5 MHzI. 

DC Plate Voltage . -.  2600 V 

DC Grid-No.2 Voltage   550 V 

DC Grid-No.1 Voltagek   -75 V 

DC Plate Current   490 mA 

DC Grid-No.2 Current   -15 mA 

DC Grid-No.1 Current   0 mA 

Drive Power (Approx.)   18 W 

Output Circuit Eff. (Approx.)   90 

Useful Power Output   280 W 

RF Power Amplifier &Oscillator -Class C Telegraphys 

and 

RF Power Amplifier - Class C FM Telephonye 

Maximum CCS Ratings, Absolute-Maximum Values: 

up to 400 MHz 

DC Plate Voltagef   3500 max. V 

DC Grid-No.2 Voltage9   1000 max. V 

DC Grid-No.1 Voltageh   -300 max. V 

DC Plate Current   1.25 max. A 

DC Grid-No.1 Current   0.2 max. A 

Grid-No.2 Inputg   50 max. W 

Plate Dissipation   1500 max. W 

Maximum Circuit Values: 

Grid-No.1-Circuit Resistance   5000 max. SZ 

Grid-No.2-Circuit Impedance   See note g 

Plate-Circuit Impedance   See note f 

Calculated CCS Operation: 

In a cathode-drive circuit at 400 MHz with an output circuit band-
width of 4.4 MHzI. 

DC Plate Voltage   2600 V 

DC Grid-No.2 Voltage   550 V 

DC Grid-No.1 Voltagem   -85 V 

DC Plate Current   900 mA 

DC Grid-No.2 Current   -10 mA 

DC Grid-No.1 Current   5 mA 

Drive Power (Approx.)   70 W 

Output Circuit Eff. (Approx.)   90 

Useful Power Output   1160 W 

Notes: 

a See Section V.A.3 of 1 CE-300. 

b 

c 

d 

e 

f 

9 

h 

1 

k 

For: plate voltage = 2500 V 
grid No.2 voltage = 600 V 
plate current = 600 mA 

With special shield adapter. 

See Dimensional Outline for temperature measurement points. 

See Section V.C. of 10E-300. 

See Section V.B. and V.6.1 of 10E-300. 

See Section V.6.2 of 1 CE-300. 

See Section V.6.3 of 1 CE-300. 

Computed between half-power points using two times tube 
capacity. 

Adjust for zero-signal DC plate current of 0.2 A. 

m Adjust for zero-signal DC plate current of 0.1 A. 

tF E -~i 

i 

F (NOTE 3) ~2 HOLES 

M 

~ (NOTE 3) 2 HOLES 

92L5- 2421 

Figure 1 -Tube Extractor -Suggested Design 

Tabulated Dimensions* 

Dim. 

A 
B 

Values 

2.8 
1.8 

171.) 
146.1 

C Radius 0.06 (1.5) 

D Radius 0.06 11.51 

E 0.7 118.) 
F Dia. 0.250 ( 6.35) 
G Radius 1.015 125.78) 
H 0.75 (19.) 
J Dia. 0.140 ( 3.561 
K 8.30 0.145 radians 
M 4.5° 0.078 radians 

Notes: 

1. Material 1/16" thick cold rolled steel. 
2. Round all edges 
3. Slot between holes 

*Dimensions are in inches unless otherwise stated. Dimensions in 
parentheses are in millimeters and are derived from the basic inch 
dimensions (1 inch = 25.4 mml. 

2 
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~,.~ Figure 2 —Typical Constant Current Characteristics 
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Mounting 

See the preferred mounting arrangement below. See section 
III.C.3.a of ICE-300 for a description of the fixed method 
mounting. The adjustable method is not recommended for 
the 4661. Special sockets are available. 

r 

~\ 

H ~~ 

ENLARGEMENT 

SEE DETAIL 

~~~ ~ 
TUBE_ \, 
SEAT \\\\\\~~ 

ENLARGEMENT 

I 
~— e 

- J 

~~~

J WIDE x K DEEP 
(8 SLOTS ED. SP.) 

DETAIL 92LS-3556 

Figure 6 —Preferred Mounting Arrangement 

Note: Finger stock is No.97-360A made by Instrument Specialities 
Co., Little Falls, NJ 07424. 

Sockets may be obtained from: 
Erie Technological Products, Inc. 
644 West 12th Street, Erie, PA 16512 

Jettron Productslncorporated 
56 Route 10, Hanover, NJ 07936 

Tabulated Dimensions* 

Dim. Value 

A Dia. 3.425 (87.00► 
B Dia. 3.210 (81.53) 
C Dia. 2.505 (63.63) 
D Dia. 1.912 (48.56) 
E 1.320 (36.07 
F 0.330 ( 8.38) 
G 0.200 ( 5.08) 
H 0.370 ( 9.40) 
J 0.025 ( 0.641 
K 0.500 (12.70) 
M Dia. 0.725 (18.42) 
N Dia. 0.594 115.09) 
P Radius 0.062 ( 1.57 ) 
R Dia. 0.500 (12.70) 

*Dimensions are in inches unless otherwise stated. Dimensions in 
parentheses are in millimeters and are derived from the basic inch 
dimensions (1 inch = 25.4 mm). 

RCA I Electronic Components I Harrison, NJ 07029 

Forced-Air Cooling 

Air Flow: 
Through radiator —Adequate air flow to limit the plate-

core temperature to 2500 C should be delivered by a 
blower through the radiator before and during the ap-
plication of heater, plate, grid-No.2, and grid-No.1 volt-

ages. Intypical operation at 1500 watts plate dissipation, 

and 225o C plate core temperature, 35 cfm at 0.50 inch 

water, static pressure drop, at 50o C ambient air temper-
ature at one atmosphere, should be sufficient as shown 
in the Coolant Characteristic curves of Figure 7. 
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92LM-3559 

The static pressure drop has been determined conserva-
tively and in all instances the tube should excel the indi-
cated performance. 

To Plate, Grid-No.2, Grid-No.1, Cathode-Heater, and 
Heater Terminals — A sufficient quantity of air should 
be allowed to flow past each of these terminals so that 
their temperature does not exceed the specified maxi-
mum value of 250o C. 

During Standby Operation —Cooling air is required when 
only heater voltage is applied to the tube. 

During Shutdown Operation —Air flow should continue 

for a few minuted after all electrode power is removed. 

For further information on forced-air cooling, see section 

IV.0 of ICE-300. 
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Figure 5 -Dimensional Outline 

Tabulated Dimensions* 

Dimension 

ADia. 
B Dia. 
C Dia. 
D Dia. 
E Dia. 
F Dia. 
G 
H 
J 
M 
N 
P 
R 0.250 min. 6.35 min. 
S 0.105 min. 2.67 min. 
T 0.200 min. 5.08 min. *Basic dimensions are in inches unless otherwise specified. Metric 
U 0.620 min. 15.75 min. dimensions are derived from the basic inch dimensions (One inch = 
V 2.71 ±.10 68.8 ±2.5 25.4mm1. 
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HEATER TERMINAL 
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R 

tr

92LM-3557 

Value 

Note 1: The contact distance* indicated is the minimum uniform 
length as measured from the edge of the terminal. 

Inches Millimeters Terminal Dimensional Value 

3.70 ±.03 93.98±.76 Inches Millimeters 
3.210 min. 81.54 min. 1.a Radiator 0.620 15.75 
3.010 min. 76.45 min. 1.b Plate 0.220 5.59 
2.307 min. 58.60 min. 1.c Grid No.2 0.220 5.59 
1.700 min. 43.18 min. 1.d Grid No.1 0.175 4.45 
0.725 max. 18.41 max. 1.e Heater-Cathode 0.115 2.92 
3.76 ± .10 95.5 ± 2.5 1.f Heater 0.135 3.43 
3.30 ±.10 83.8 ±2.5 
1.65 t .03 41.91 f  .76 Note 2: Keep all stippled regions clear. In general do not allow 
0.200 ±.025 5.08 ±.64 contacts to protrude into these annular regions. If special connectors 
0.37 ±.03 9.40±.76 are required which may intrude on these regions, contact RCA 
0.46 ±.03 11.68 ±.76 Power Tube Application Engineering, Lancaster, PA, for guidance. 

5 
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RCA-565 L4 

MINIATURE VOLTAGE-REFERENCE TUBE 

For Exceptional Voltage Stability 

RCA is pleased to announce the 5651A -- a voltage-reference tube of the cold-
cathode glow-discharge type having exceptional voltage stability. It is particularly 
useful in critical industrial and military do power supplies incorporating electronic 
voltage regulation. RCA-5651A is similar to and unilaterally interchangeable with 
the popular 5651 but has substantially greater voltage stability, and can be used 
as a direct replacement for the 5651 in existing equipment, The 5651A features: 

exceptionally small voltage drift throughout life: 
a~ during first 300 hours of operation 

(from initial do operating voltage -- no greater than 0,1 percent 
b~ between 300 and 1300 hours of operation 

(from do operating voltage at 300 hour s — no greater than 0.1 percent 
c~ during any 100-hour period between 

300 and 1300 hours of operation -- no greater than ,05 percent 
small variation in initial tube drop -- only 4 volts max, at any specific 
current value 

excellent voltage stability not only initially but throughout life 
instantaneous voltage fluctuation less than 0.1 volt at any current 
value within operating current range (1.5 to 3.5 ma~ 

operating characteristic — essentially independent of ambient temperature 
in the -55oC to +90oC range, 

Ttie exceptional performance of the 5651A is due to: 

--► long aging schedule — to stabilize tube characteristics 
-~ special cathode design — assures utilization of entire cathode area 

at all current values within operating current range 
-~ thin metallic coating on inside of envelope -- to minimize slow voltage drift 

A technical bulletin for the 5651A is attached, 

Very truly yours, 

R.F. SIMOKAT 
Licensee Service 



RCA-5651A 
VOLTAGE-REFERENCE TUBE 

Glow-Discharge 
Tube 

7-PIN MINIATURE TYPE 
For Exceptional Voltage 

Stabi l ity 

RCA-5651A is a 7-pin miniature, voltage-refer-
ence tube of the cold-cathode, glow-discharge 

type. Because of its exceptionally 
stable voltage characteristic the 
5651A is especially useful as a 
voltage-reference tube in do power 
supplies. The 5651A maintains a 
do operating voltage of 85.5 volts 
at 2. 5 milliamperes, has ado opera-
ting current range of 1.5 to 3.5 
milliamperes, and an operating 
characteristic which is essentially 
independent of ambient temperature 
in the -55 to +90° C range. The 
maximum variation in initial tube 
drop at any specific current value 
is only 4 volts. 

The 5651A is life tested to 
assure that the tubes provide 

exceptional voltage stability. During the first 
300 hours of operation the voltage drift from the 
initial do operating voltage is no greater than 
0.1%; between 300 and 1300 hours of operation 
the voltage drift is no greater than 0. 1% from 
the do operating voltage at 300 hours. Further-
more, the voltage drift during any 100-hour period 
between 300 and 1300 hours of operation is no 
greater than 0.05%. 

The excellent performance of the 5651A is 
largely due to its special design in which the 
entire cathode area is utilized at all current 
values within the operating current range, and a 
long aging schedule to stabilize the tube char-

acteristics. Another feature of this tube is the 

use of a thin metallic coating on the inside of 
the glass envelope to minimize slow voltage drift. 

DATA 
General 
Cathode  Cold 
Operating Position  Any 

Maximum Overall Length  2-1/8" 

Maximum Seated Length   1-7/8" 
Length, Base Seat to Bulb Top 
(Excluding tip)   1-1/2" t 3/32" 

Diameter 0  650" to 0.750" 
Bulb  T5-1/2 

Base. .Small-Button Miniature 7-Pin (JEDEC No.E7-1) 

Dimensional Outline   JEDEC No.S-2 

Maximum and Minimum Ratings, Absolute-Maximum Values: 

)x Operating Current (Continuous) . 
DC Operating Current (Continuous)  
Ambient Temperature Range  

3.5 max. 
1.5 min. 

-55 to +90 

ma 

ma 
oC

Characteristics and Operation Range Values: 
Mtin. Av. Max. 

I>C Starting Voltage 107 115x' volts 

DC Operating Voltage (Varia-
tion from tube to tube): 
At 1.5 ma   83 85 87 volts 

At 2.5 ma   83.5 85.5 87.5 volts 

At 3.5 ma   84.5 86.5 88.5 volts 
Regulation (1.5 ma to 

3.5 ma)   3 volts 
Temperature Coefficient of 

Operating Voltage (over 
ambient .temperature range 
of -55 to +90° C) -4 my/°C 

a A do supply voltage of 115 volts minimum should be 
provided to insure "starting" throughout tube life, 

-~-- 650**—~ 
DIA. 

28
MAX. 

T5-I/2 
BULB 

le 

MAX. 

BASE 

JEDEC No. E7-I 

9205-12°21 

All 
Dimensions 

in Inches 

Measured from base seat to bulb-top l ine as deter-
mined by ring gauge of 7/16" I.D. 

** Appl ies in zone starting 0.375" from base seat. 

5BQ 

Pin 1- Anode 
Pin 2 -Cathode 
P i n 3- I C—Do Not Use 
Pin :l -Cathode 
P i n 5 - Anode 
P i n 6- I C—Do Not Use 
P i n 7 -Cathode 

RADIO CORPORATION OF AMERICA 
~ Electron Tube Division Harrison, N. 1. 
R 

5651A 5-63 
Printed in U.S.A. 



5651A 

Percentage Variation of 
Operating Voltage:b

Duringg first 300 hours 
of lifec  0.1 

During subsequent 1000 
hours of life   0.1 

Short-term (100 hours) 
Variation of 0 crating 
Voltage after first 300 
hours of lifeb 

Instantaneous Voltage 
Fluctuation (Voltage 
Jump)d  0.1 volt 

Circuit Values: 

Shunt Capacitor   - 0.02 µf 

Series Resistor   Note e 

b 

c 

d 

e 

0.05 % 

DC operating current = 2.5 ma. 

After initial 3-minute warm-up period. 

Defined as the maximum instantaneous voltage fluctua-
tion at any current level within the operating current 
range. 

A series resistor must alwayys be used with the 5651A. 
The resistance value must be chosen so that (1) the 
maximum current rating of 3.5 ma is not exceeded at 
the highest anode-supply voltage employed, and (2) the 
minimum current rating of 1.5 ma is always exceeded 
when the anode-supply voltage is at its lowest value. 

SPECIAL TESTS AND PERFORMANCE DATA 

Stabi l ity Life Performance: 

This test is performed on a sample lot of 
tubes to assure that the tubes have been properly 
stabilized. Life testing is performed under the 
following conditions: DC anode-supply volts = 135, 
do operating milliamperes = 2.5, anode-circuit 
resistance (ohms) = 20000. At the end of 300 hours 
of operation, tubes will not show a change in do 
operating voltage greater than 0.1% from the 
initial do operating voltage. At the end of 1300 
hours of operation, tubes will not show a change in 
do operating voltage greater than 0. 1% from the 
operating voltage at 300 hours. During any 100-
hour interval between 300 and 1300 hours of opera-
tion, tubes will not show a change in do operating 
voltage greater than 0.05% from the do operating 
voltage at the start of the interval. 

INSTALLATION AND APPLICATION 

Make no connections to dins 3 and 6. Any 
potentials applied to these pins may cause erratic 
tube performance. The three pin terminals for the 
cathode (pins 2, 4, and 7) and the two for the 
anode (pins 1 and 5) offer the equipment designer 
several different possibilities for connection of 
the 5651A. Any pair of interconnected pins can 
be used as ajumper connection to a circuit common 
to either the cathode or to the anode. The use 
of such a jumper connection provides a means for 
opening the circuit to protect circuit components 
when the 5651A is removed from its socket. Under 
no circumstances should the current through any 
fair o.f interconnected gins exceed one amtiere. 

If the load for the regulated power supply is 
disconnected either directly or by removing 
the 5651A from its socket, the rectifier capacitors 
will charge to the rectifier peak voltage. It is 
important, therefore, that these capacitors be 
rated to withstand such voltage. 

A warns-u~ period of 3 minutes should be allowed 
each time the equipment is turned on to insure 
minimum voltage drift of the 5651A. 

When a shicnt capacitor is used with the5651A, 
its value should be limited to 0.02 µf. A large 
value of capacitance may cause the tube to 
oscillate and thus give unstable performance. 

Shielding should be utilized for the 5651A to 
insure maximum stability when the tube is opera-
ted in the presence of strong rf or magnetic fields. 

A series-tyke stabilized voltage su~i~ly using 
the 5651A as voltage-reference tube, 6080 as 
series-regulator tube, and 5751 as control tube, 
is shown in Fig.i. In this circuit, the 5651A 
supplies a fixed reference voltage between the 
grid of the first unit of the 5751 and its cathode 
return. Changes in supply voltage to the load are 
amplified by the 5751 which is connected as a two-
stage do amplifier to control the drop through the 
6080. The resulting output voltage is essentially 
independent of change in load current. 

The voltage regulation of this supply operated 
at a fixed line voltage of 117 volts and an out-

put voltage of 250 volts is less than 0.2 volt 
over the current range of 0 to 225 milliamperes. 
At full current, the regulation for a variation of 
± 10 per cent in line voltage is less than 0. 1 volt. 

~I 

TYPE R6 
6080 

~i ~~ REGULATED SUPPLY 
VOLTAGE TO LOAD 

250 VOLTS • UNREGULATED 0-225 MA. 
FILTERED o--, ii/ 

DG VOLTAGE' 9 ~^ TYPE 
//

~0

© 5651A 
. 

~ ©'—~e0
O 

C1- 0.1 µf, 400 volts 
R1- Plate current bal anc-

ing potentiometer, 
160 ohms, 10 watts 

R2— 12000 ohms, 2 watts 
R~ - 470000 ohms, 1/2 watt 
R4 - 470000 ohms, 1/2 watt 

92CM —12020 

R5 - 12000 ohms, 2 watts 
R6- 68000 ohms, 1 watt 
R7— 1 megohm, 1/2 watt 
Rg - 15000 ohms, 2 watts 
Rq -Output voltage-con—

trol potentiometer, 
10000 ohms 

~ 375 volts approx, at zero load current; 325 volts 
approx. at 225 milliamperes load current. 

® Socket connections for the 5651A are made so that 
removal of the 5651A from its socket opens the load. 

Fig.l -Series-Type Stabilized VoltageSu~gly Using 
RCA-5651A as Voltage-Reference Tube. 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. Trademarks) ® Registered 

Marca(s) Registrada(s) 
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C 
May 15, 1961 

NEW RCA-5762-A 
AN IMPROVED POWER TRIODE 

FOR VHF TELEVISION 

RCA-5762-A is a new forced-air-cooled power triode for vhf 
service in television and cw application. The 5762-A is unilaterally 
interchangeable with the 5762/7C24, having improved qualities for fm 
applications and increased ratings. It has a maximum plate dissipation 
of 4 kilowatts and is rated for operation up to 220 Mc. 

The 5762-A retains the very efficient radiator for low blower re-
quirements; the thoriated tungsten filament for economical power 
consumption; and complete shielding between filament leads and plate, 
low grid-to-plate capacitance, and high perveance for use in grounded-
grid circuits to provide stable triode performance at high frequencies. 

In broadband television service at 216 Mc, the 5762-A can deliver 
a synchronizing-level power output of 6, 35 kilowatts when supplied by 
a driving power of 0.98 kilowatts. 

The attached technical bulletin gives ratings, characteristics, 
typical operating conditions, dimensions, and operating considerations 
for the 5762-A. 

V~ry.,tr~~~r yours, `' 
1
~~~ 

R . F. SIMOKAT 
Licensee Service 

R FS:mlm 



5762-A 
POWER TRIODE 

Ttloriated-Tungsten Fi lament 
Coaxial-Electrode Structure 
Large Area RF Contact Surfaces 

For Use at Frequencies up to 220 Mc 
Forced-Air Cooled 

4 Kw Plate Dissipation 

Max. Diameter 4-I I/16" 
Max. Length (Excluding 
flexible leads) 7-I/8" 

RCA-5762—A is a forced—air—cooled power output of 3.7 ki lowatts in plate—modulated tele—

triode designed for vhf service in television phony service using conventional grid—drive cir—

and cw appl ications. 

necessary 

I t has a maximum p I ate c u it s at frequencies up to 30 Mc; and a power out—

dissipation of 4 ki lo— put ofi 7 ki lowatts in class C telegraphy service 

watts and is rated for using cathode—drive circuits at frequencies up 

operation up to 220mega— to 30 Mc, or 4 ki lowatts at 220 Mc. 

cycles per second. The 5ry62—A is unilaterally interchangeable 

with the 576a/7Caq. 
The flanged—header 

grid terminal is adesign 

feature of particular 

value when the 5762—A is 

used in cathode—drive 

(also cal led grounded—

grid) circuits. I n such 

circuits this terminal, 

when used with a large 

c i rcu I ar connecto r, ef—

fectively isolates the 

fi lament circuit from the 

plate circuit, and pro—

vides adirect low—induc—

tance path to the grid. 

As a result, neutral iza—

tion is general ly un—

in cathode—drive service. 

The design of the 5762—A includes three 

multiple—ribbon fi lament leads, one of which is 

a center tap to faci l itate the reduction of fi la—

ment—lead inductance in high—frequency circuits. 

Within the tube, the leads to the thoriated—

tungsten fi lament are short and direct. An 

efficient external radiator provides for plate 

coo I i ng by means of fo rced a i r. The con i ca I g ri d 

support is structural ly strong, serves to cool 

the grid, and effectively reduces grid—lead in—

ductance. These various design features al l 

contribute to the excel lent performance of the 

5762—A in very—high—firequency appl ications. 

The 5762—A can del iver a synchronizing—level 

power output of 6.35 ki lowatts in broad —band 

television service at 216 Mc; a carrier power 

GENERAL DATA 

Electrical: 
Filament, Thoriated Tungsten: 

Voltage (AC or DC) 
Current 
Starting current: 

12.6 t 0.6 volts 
29 amperes 

The filament current must never exceed 
175 amperes, even momentarily 

Cold resistance 0  052 ohm 
Ampl ification Factor  29 
Direct Interelectrode Capacitances: 

Grid to plate   18 µµf 
Grid to filament  19 µµf 
Plate to filament   0.5 µµf 

Mechanical: 
Operating Position  Vertical, either end up 
Maximum Overall Length (Excluding flexible leads). 7-1/8" 
Maximum Diameter  u-11/16" 
Terminal Connections  See Dimensional Outline 
Radiator  Integral part of tube 
Weight  6-i/A lbs. 

Thermal: 
Air Flow: 

Through Radiator—The specified flow of incoming air 
at a temperature of U5o C for various plate dissi-
pations, as indicated in the tabulation below, 
should be del ivered by ablower through the radiator 
before and during the appl ication of any voltages. 
Filament power, plate power, and air may be re-
moved simultaneously. 
Percentage of Max. 

Rated Plate Dissi-
pation for Each 
Class of Service. 100 80 60 per cent 

Minimum Air Flow. 300 21u 125 cfm 
Static Pressure 2.9 i.u7 0.58 in. of water 

To Header and Filament Seals  10 min. cfm 

The specified air flow from a 1"-diameter nozzle 
should be directed into the filament header before 
and during the appl ication of any voltages in order 
to l imit the temperature of the filament seals and 
the grid seal to their maximum value. 

Incoming Air Temperature  45 max. °C 
Radiator Temperature (Measured on the core 

at end away from incoming air)   180 max. oC 
Bulb Temperature (At hottest part)  180 max. oC 
Seal Temperature: 

Filament, grid, and plate   180 max. ° C 

Tradem ark(sl ® Registered 
Marca(s) Registrada (s) 

ELECTRON TUBE DIVISION 
RADlO CORPORATION OF AMERICA, HARRISON, NEW JERSEY 

5762-A 5-61 
Printed in U.S.A. 



AF POWER AMPLIFIER & MODULATOR — Class B 

Maximum CCSa Ratings, Absolute-Maximum Values:b
DC PLATE VOLTAGE  6200 max. volts 
MAX.-SIGNAL DC PLATE CURRENT   1.5 max. amp 
MAX.-SIGNAL PLATE INPUT  8700 max. watts 
PLATE DISSIPATION  4000 max. watts 

Typical Operation: 

Values are for 2 tubes 

DC Plate Voltage  4700 volts 

DC Grid Voltage   -200 volts 
Peak AE Grid-to-Grid Voltage  900 volts 

Zero-Signal DC Plate Current  0.3 amp 

Max.-Signal DC Plate Current   2.8 amp 

Effective Load Resistance 
(Plate to plate)   3640 ohms 

Max.-Signal Driving Power (Approx.) 195 watts 
Max.-Signal Power Output (Approx.). 8800 watts 

RF POWER AMPLIFIER — Class B Television Service 

Synchronizing-level conditions per tube unless 
otherwise sbecified. At Frequency of 54 to 215 Mc. 

Maximum CCSa Ratings, Absolute-Maximum Values:b

DC PLATE VOLTAGE  4500 max. 

DC PLATE CURRENT  _ 2.0 max. 

DC GRID CURRENT (Pedestal level)   0.325 max. 

PLATE INPUT   9000 max. 
PLATE DISSIPATION   4000 max. 

Typical Operation in Cathode-Drive Circuit: 

Bandwidthd of 10 Mc 

DC Plate Voltage  3000 

DC Grid Voltage   -105 
Peak RF Grid Voltage: 
Synchronizing level 380 435 
Pedestal level   290 310 

DC Plate Current: 

Synchronizing level 1.8 1.8 2.0 amp 

Pedestal level 1  36 1.35 1.5 amp 

DC Grid Current: 
Synchronizing level 0.265 0.400 0.439 amp 
Pedestal level   0.115 0.130 0.118 amp 

Driving Power (Approx.):e
Synchronizing level 625 770 983 watts 

Power Output (Approx.); 
Synchronizing level 3150 4000 6350 watts 
Pedestal level   1800 2300 3590 watts 

volts 

amp 

amp 
watts 
watts 

8.5 Mc 

3200 
-110 

6.0 Mc 

u3oo 
-150 

volts 
volts 

500 volts 

355 volts 

GRID MODULATED RF POWER AMPLIFIER —
Class C Television Service 

Synchronizing-level conditions der tube unless 
otherwise specified. At Frequency of 5U to 216 Mc. 

Maximum CCSa Ratings, Absolute-Maximum Values:b

DC PLATE VOLTAGE  3700 max. volts 
DC GRID VOLTAGE (White level)   -800 max. volts 
DC PLATE CURRENT  1.9 max. amp 
DC GRID CURRENT (Pedestal level). 0.225 max. amp 
PLATE INPUT   6500 max. watts 
PLATE DISSIPATION   4000 max. watts 

Typical Operation in Cathode-Drive Circuit: 

Bandwidthd of 8.5 Mc 

DC Plate Voltage  3200 volts 
DC Grid Voltage: 
Synchronizing level   -110 volts 
Pedestal level   -220 volts 
White level   -520 volts 

Peak RF Grid Voltage  435 volts 

PLATE DISSIPATION 

Typical Operation 

DC Plate Current: 
Synchronizing level   1.8 amp 
Pedestal level 1  25 amp 

DC Grid Current (Approx.); 
Synchronizing level   0.400 amp 
Pedestal level   0.130 amp 

Driving Power (Approx.):e
Synchronizing level   770 watts 

Power Output (Approx.): 
Synchronizing level   4000 watts 
Pedestal level   2300 watts 

PLATE MODULATED RF POWER AMPLIFIER —
Class C Telephony 

Carrier conditions ¢er tube for use with a maximum modu-
lation factor of 1.0. See Ratings VS Frequency Chart. 

Maximum CCSa Ratings, Absolute-Maximum values:b

DC PLATE VOLTAGE  5000 max. 
DC GRID VOLTAGE   -1000 max. 
DC PLATE CURRENT  1.0 max. 

DC GRID CURRENT   0.3 max. 
PLATE INPUT   5000 max. 

2700 max. 

in Grid-Drive Circuit: 

Up to At 
30 Mc 110 Mc 

DC Plate Voltage  4700 4000 volts 
DC Grid Voltage   -400 -350 volts 

From a grid resistor of   1425 1460 ohms 
Peak RF Grid Voltagef   675 600 volts 
DC Plate Current  0.96 0.93 amp 
DC Grid Current (Approx.)   0.28 0.24 amp 
Driving Power (Approx.)   170 130 watts 
Power Output (Approx  )   3700 2800 watts 

Typical Operation in Cathode-Drive Circuit: 

DC Plate Voltage  4700 4J00 volts 
DC Grid Voltage   -400 -350 volts 

From a grid resistor of   1425 1460 ohms 
Peak RF Grid Voltage  675 600 volts 
DC Plate Current  0.96 0.93 amp 
DC Grid Current (Approx.)   0.28 0.24 amp 
Driving Power (Approx.)g  720 600 watts 
Power Output (Approx  )   4200 3200 watts 

volts 
volts 

amp 
amp 

watts 
watts 

RF POWER AMPLIFIER & OSC. — Class C Telegraphy 
and 

RF POWER AMPLIFIER — Class C FM Telephony 

See Ratings VS Frequency Chart 

Maximum CCSa Ratings, Absolute-Maximum Values:b
DC PLATE VOLTAGE  6200 
DC GRID VOLTAGE   -1000 
DC PLATE CURRENT  1.4 
DC GRID CURRENT   0..3 
PLATE INPUT   8700 
PLATE DISSIPA710N   4000 

max. 
max. 
max. 
max. 
max. 
max. 

Typical Operation in Grid-Drive Circuit: 

U~ to 30 Mc 

DC Plate Voltage  6000 
DC Grid Voltage: 

From a fixed supply of  -550 volts 
From a grid resistor of   1900 ohms 
From a cathode resistor of  360 ohms 

Peak RF Grid Voltage  875 volts 
DC Plate Current 1  25 amp 
DC Grid Current (Approx.)   0.290 amp 
Driving Power (Approx.)   225 watts 
Power Output (Approx  )   6000 watts 

volts 
volts 

amp 
amp 

watts 
watts 

volts 
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Typical Operation in Cathode-Drive Circuit: 

U~ to At 
30 Mc 110 Mc 

At 
220 Mc 

DC Plate Voltage 6000 5000 u300 
DC Grid Voltage: 

From a fixed supply of. . -550 -1000 -200 
From a grid resistor of . 1900 4100 807 
From a cathode resistor of. 360 7uo 13u 

Peak RF Grid Voltage.  875 1350 u32 
DC Plate Current 1.25 1.1 1.25 
DC Grid Current (Approx.) . 0.290 0.245 0.25 
Driving Power (Approx.) . 1225 1680 suz 
Power Output (Approx.). . 7000 5500 u000 

volts 

volts 

ohms 

ohms 
volts 

amp 
amp 

watts 
watts 

SELF-RECTIFYING OSCILLATOR or AMPLIFIER — Class C 

See Ratings VS Frequency Chart 

Maximum CCSa Ratings, Absolute-Maximum Values:b

AC PLATE VOLTAGE (RMS)  7000 max. volts 
DC GRID VOLTAGE   -300 max. volts 
DC PLATE CURRENT  0.635 max. amp 
DC GRID CURRENT   0.135 max. amp 
PLATE INPUTh  4900 max. watts 
PLATE DISSIPATION   4000 max. watts 

Typical Operation; 

AC Plate Voltage (RMS)  6600 volts 
DC Grid Voltage   -127 volts 
DC Plate Current  0.625 amp 
DC Grid Current (Approx:)   0.105 amp 
Driving Power (A pprox.)J  60 watts 
Power Output (Approx  )   3350 watts 

AMPLIFIER or OSCILLATOR — Class C 

With separate, rectified, unfiltered, single-4hase, 
full-wave plate sub¢ly. See Ratings VS Frequency Chart. 

Maximum CCSa Ratings, Absolute-Maximum Values:b

DC PLATE VOLTAGE  5600 max. volts 

DC GRID VOLTAGE   -600 max. volts 

DC PLATE CURRENT 1  25 max. amp 

DC GRID CURRENT   0.270 max. amp 

PLATE INPUT   8600 max. watts 

PLATE DISSIPATION   4000 max. watts 

Typical Operation: 

DC Plate Voltage 

DC Grid Voltage  
DC Plate Current 

DC Grid Current (Approx.)  
Driving Power (Approx.)m 
Power Output (Approx  )  

a 

b 

5000 
-260 
1.2 

0.260 
150 

5650 

volts 
volts 
amp 
amp 

watts 
watts 

Continuous Commercial Service. 

The maximum ratin s in the tabulated data are establ ished 
in accordance wit the following definition of the Abso-
lute-Maximum Rating System for rating electron devices. 
Absolute-Maximum Ratings arel imiting values ofoperating 
and environmental conditions appl icable to any electron 
device of a specified type as defined by its publ ished 
data, and should not be exceeded under the worst 
probable conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceabi l ity of the device, taking no 
responsibil ity for equipment variations, environment 
variations, and the effects of changes in operating con-
ditions due to variations in device characteristics. 

The equipment manufacturer should design so that ini-
t ially and throughout l ife no absolute-maximum value 
for the intended service is exceeded with any tlevice 
under the worst probable operating conditions with re-
spect to supply-voltage variation, equipment component 
variation, equipment control adjustment, load variation, 
signal variation, environmental conditions and varia-
t ions in device characteristics. 

RATINGS vs FREQUENCY 

FREQUENCY 30 110 220 Mc 

MAX. PERMISSIBLE PERCENTAGE 

OF MAX. RATED PLATE VOLTAGE 

AND PLATE INPUT: 

Class BTelevision Service Full Ratings — 54 to 216 Mc 
Class CTelevision Service Full Ratings — 54 to 216 Mc 
Class C Telephony, 

Plate-Modulated 100 Su 72 per cent 
Class C Telegraphy and 

FM Telephony 100 84 72 per cent 
Class CAmpl ifier or 

Osc., Self-Rectifying 100 84 72 per cent 
Class CAmpl ifier or Osc. 
with Separate, Rectified, 
Unfiltered Plate Supply 100 8u 72 per cent 

MAX. PERMISSIBLE PERCENTAGE 

OF MAX. RATED DC GRID VOLT-

AGE AND DC GRID CURRENT: 

Class BTelevision Service Full Ratings — 54 to 216 Mc 
Class CTelevision Service Full Ratings — 54 to 216 Mc 

Volt. Cur. 

C1assC Telephony, 
Plate-Modulated 100 100 60 83 per cent 

Class CTelegraphy,and 
FM Telephony 100 100 60 83 per cent 

Class CAmpl ifier or 
Osc., Self Rectifying 100 100 60 83 per cent 

Class C Ampl iffier. or Osc. 
with Separate, Rectified, 
Unfiltered plate Supply 100 100 60 63 per cent 

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 

Note Min. Max. 

Filament Current  1 27 31 amp 
Ampl ification Factor 1  2 25 33 
Grid-Plate Capacitance  - 16.5 20.5 µµf 
Grid-Filament Capacitance - 15.5 22.5 µµf 
Plate-Filament Capacitance. - 0.38 0.62 µµf 
Grid Voltage 1  3 -125 -190 volts 
Plate Voltage 1  4 1350 1750 volts 
Plate Voltage 1  5 2600 3400 volts 
Peak Cathode Current  6 10 - amp 
Useful Power Output 1  7 3 - kw 

Note 

Note 

Note 

Note 

Note 

Note 

Note 

1: With 12.6 volts rms on filament. 

2: With do grid voltage of -25 volts measured from 
center tap of filament supply, and do plate volt-
age adjusted to give do plate current of 0.5 ampere. 

3: With do plate voltage of 4000 volts, and do grid 
voltage adjusted to give do plate current of 
0.05 ampere. 

4: With do grid voltage of 0 volts measured from 
center tap of filament supply, and do plate volt-
age adjusted to give do plate current of 0.5 ampere. 

5: With do grid voltage of -50 volts measured from 
center tap of filament supply, and do plate voltage 
adjusted to give do plate current of 0.5 ampere. 

6: Designers should l imit the maximum useable cathode 
current (plate current and grid current) to this 
value under any condition of operation. 

7: In a self-excited, coaxial, oscillator circuit 
and with do plate voltage of 5000 volts, do plate 
current of 1.] amperes, grid resistor of 1500 t 
SO% ohms, do grid current of 0.250 to 0.300 am-
pere, and frequency of 110 Mc. 

-3-



C 

d 

e 

f 

9 
h 

J 
k 

m 

Averaged over any audio—frequency cycle of sine—waveform. 

Computed between half—power points in a single—tuned 
circuit and based on tube output capacitance only. 

The driver stage is required to supply tube losses and 
rf circuit losses. It should be designed to provide an 
excess of power above the indicated values to take care 
of variations in l ine voltage, incomponents, in initial 
tube characteristics, and in tube characteristics 
during l ife. 

Driver modulated approximately 30%. 

Carrier power of driver modulated 100%. 

Plate input is i.ii times the product of the ac voltage 
(rms) and the do plate current. 

From a self—rectified driver. 

plate input is 1.23 times the product of the do plate 
voltage and the do plate current. 

From a driver with a rectified, unfiltered, single—
phase, full—wave plate supply. 

GENERAL CONSIDERATIONS 

Ratings 

The maximum radiator temperature of 180° C 

is a tube rating and is to be observed in the 

same manner as other ratings. The temperature 

of the radiator should be measured on the core 

at the end away from the incoming ai r. The 

temperature may be measured either with a thermo—
couple or with temperature—sensitive paint such 
as Tempi laq. The latter is made by the Tempi l 

C orporat i on, 132 W. 22 nd St reet, New York I I , New 

York, in the form of l iquid and stick. 

Simi larly, the maximum temperature of 180° C 

for the bulb as wel l as for the fi lament, grid, 

and plate seals is to be observed in the same 

manner as other rat ings. 

Handl ing 

Care should be taken to protect the 5762—A 

from rough handl ing that would damage the metal —

to—glass seals or other parts. Each tube is 

suspended within its shipping container so that 

it wi l l not come incontact with the sides during 

shipment. The tube should be stored in the 

container with the fi lament end up and should 

be protected from moisture and extreme tempera—

ture changes. 

Cleaning 

It is recommended that the 5762—A be tested 

upon receipt in the equipment in which it is to 

be used. Before the tube is placed in operation, 

remove any foreign material adhering to it. 

Tube cleanl iness is an important considera—

tion. As with other high—voltage equipment, it 

is essential that external parts of the 5762—A 
be kept free from accumulated dirt and moisture 
to minimize surface leakage and the possibi l ity 
of corona and external arc—over. Make it a reg—
ular practice to wipe dirt from the external 
parts of the tube as frequently as necessary to 
keep the tube clean. 

MECHANICAL CONSIDERATIONS 

Mounting 

The 5762—A requires a clamp support for the 

radiator (plate connection), a flexible con—

nector for the grid —terminal flange, and three 

connectors for the fi lament leads. The tube 

should be supported in a vertical position with 

either end up or down. The entire weight of the 

tube must be supported by the clamp for the 

radiator. If the tube is subjected in service 

to considerable vibration, it is advisable to 

support the mounting by means of aspring suspen—

sion. The instal lation of al l wires and connec—

tions must be made so that they wi l l not be close 

to or touch the glass parts. 

Connections 

Connections to the fi lament and grid termi—

nals must be kept flexible in order not to put 

strain on the glass—to—metal seals. None of the 

terminals should be used to support circuit parts. 

Because of the relatively large high—fre—

quency currents carried by the grid and plate 

terminals, heavy conductors should be used to 

make the circuit connections. 

COOLING CONSIDERATIONS 

System 

Cool ing of the 5762—A is accompl ished by 

passing a stream of clean air through the radi—

ator toward the fi lament end, and by directing a 

stream of air into the fi lament header. A suit—

able airfi lter is required in the air supply for.

the radiator. Care should be given to cleaning 

or replacing the fi lter at intervals in order 

that accumulated dirt wi l l not obstruct the re—
quired flow of air through the radiator. The 
required air flow through the radiator for vari—

ous plate dissipations is shown in Fig. l. In 

using these curves for determining the cool ing 

requirements of the tube as a plate—modulated rf 

power ampl ifier, it should be remembered that 

100% sine—wave modulation causes a 50% increase 

in the plate dissipation above that obtained 

under carrier conditions. The header and fi la—
ment seals are cooled by air flow of not less 

than 10 cubic feet per minute from anozzle about 
I inch in diameter into the header. 

Precautions 

The cool ing system should be properly in—

stal led to insure safe operation of the tube under 

al l conditions and for this reason should be 

electrical ly interconnected with the fi lament and 

plate power suppl ies. This arrangement isneces—

sary to make sure that the tube is suppl ied with 

air before any voltages are appl ied. Air pres—

sure interlocks which open the power transformer 
primaries are desirable for protecting the tube 

when the air flow is insufficient or ceases. 



ELECTRICAL CONSIDERATIONS 

Filament 

The fi lament of the 5762—A is of the thori—

ated—tungsten type. Under normal ful l —load con—

ditions, the fi lament should be maintained at the 

rated voltage within ± 5%; with l ight loads, re—

duction of the fi lament voltage by as much as 5% 
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Fig.i — Typical Cooling Requirements 

for Tyke g76a—A. 

is permissible. In the latter case, care must 

be taken that the reduction of the fi lament volt-

age and, therefore, of emission is not so great 

that the peak current requirements cannot be met. 

In intermittent service where thestandby periods 

are no longer than 15 minutes, it is recommended 

that the fi lament voltage be reduced to 80% of 

normal during standbys; for longer periods, the 

fi lament voltage should be turned off. 

The fi lament is center-tapped in order to 

minimize the effect of fi lament lead inductance, 

and not to permit operation of the two sections 

in paral lel . At the higher frequencies, al l 

three fi lament leads should be connected in 

paral lel by means of rf bypass capacitors. Any 

one of these three leads may then be used as the 

rf return to the fi lament. 

Having a maximum value of starting current 

about 6 times higher than the normal operating 
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Fig.a —Average Plate Characteristics 

of Type g76z—A. 

value, the fi lament can general ly be operated 

from commercial transformers without a fi lament 

starter. Such transformers usual ly have ade-

quate secondary impedance to hold the starting 

current below the maximum value of 175 amperes. 

If, however, the starting current should exceed, 

even momentari ly, the value of 175 amperes, some 

means of l imiting it wi l l be required. Usual ly, 

a smal l increase in the resistance of the trans-

former-secondary circuit supplying the fi lament 

wi l l be al l that is required. Increasing the 

-5-



lead lengths between secondary and fi lament 

terminals is a convenient method of providing 

the desired increase in circuit resistance. 

Overheating of the 5762—A by severe overload 
may decrease the fi lament emission. The fi lament 
activity can sometimes be restored by operating 
the fi lament at rated voltage for 10 minutes or 
more with no voltage on the plate or grid. This 

Ef = 12.6 VOLTS AC -
Ic =GRID AMPERES 
Ib =PLATE AMPERES , 

S o S o o ~ 8 0~ 
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Fig.g —Average Constant—Current Characteristics 
of Type 576a—A. 

process may be accelerated by raising the fi la—
ment voltage to 15 volts (not higher) for a 
few minutes. 

Protection Circuits 

The rated Mate voltage of this tube is ex—
tremely dangerous. Great care should be taken 
during the adjustment of circuits, especial ly 
when exposed parts are at high potential. 

The plate circuit should be provided with a 
time—delay relay which wi l l prevent the appl i—

cation of plate voltage before the fi lament has 

reached normal operating temperature. 

A protective device, such as a high—voltage 
fuse, should be used to protect the plate against 

overloads. It should remove the high voltage 

when the average value of plate current 

a value of 50% above normal. 
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Fig.q — Tyyical Grid Characteristics 
of Tybe 5762—A. 

Circuit Requirements 

In class B of modulator service, the 5762—A 
should be operated with grid bias obtained from 

a battery or other source of do voltage having 
good regulation. It should not be obtained from 

a high—resistance source such as agrid resistor, 
nor from a rectifier unless the rectifier has 
exceptional ly good voltage regulation. Each grid 
circuit should be provided with a separate bias 
adjustment tobalance the grid and plate currents. 
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In class B television service, the bias re—
quirements are the same as those indicated under 

class B of modulator service. 

In class C television service, the 5762—A is 

suppl ied with unmodulated rf grid voltage and 

with avideo—modulated grid voltage. 

In plate—modulated class C rf power ampl ifier 
service, the 5762—A should be suppl ied with bias 
from a grid resistor, or from a suitable combi—
nation of grid resistor and fixed supply or grid 
resistor and cathode resistor. The cathode 
resistor should be bypassed for both audio and 
radio frequencies. The combination method of 
grid resistor and fixed supply has the advantage 

of not only protecting the tube from damage 

through loss of excitation but also of minimizing 

distortion by bias—supply compensation. Grid—

bias voltage is not particularly critical so that 
correct adjustment may be obtained with values 
differing widely from the calculated values. 

In cathode—drive plate—modulated class C 
telephony service, the 5762—A can be modulated 

100 per cent if the rf driver stage is also 
modulated 100 per cent simultaneously. Care 
should be taken to insure that the driver—modu—

lation and the ampl ifier—modulation voltages are 

exactly in phase. In such service, the 5762—A 
requires increased driving power, but increased 

power output is obtained as shown in the tab—

ulated data. 

In class C rf telegraphy service, the 5762—A 
may be suppl ied with bias by any convenient 

method. When the tube is used in the final am—

pl ifier or a preceding stage of a transmitter 

designed for break—in operation and osci l lator 

keying, a smal l amount of fixed bias must be used 

to l imit the plate current and, therefore, the 

plate dissipation to asafe value. If the 5762—A 

is operated at a plate voltage of 5000 volts, a 

fixed bias of at least —190 volts should be used. 

In class C FM telephony service, the 5762—A 
may be suppl ied with bias by any convenient 

method. This type of service is simi lar to 

conventional class C rf telegraphy service. 

In class C service primari ly for industrial 

appl ications, the 5762—A can be operated as a 

self—rectifying osci l lator or ampl iffier, or as 

an ampl ifier or osci l lator with a separate, 

rectified, single—phase, ful l —wave plate supply 

without a fi lter. In such service, the 5762—A 

can be biased by any convenient method, but the 

use of a grid resistor is preferred because the 

bias isautomatical l.y adjusted as the load on the 

circuit varies. In those appl ications where grid 

current and grid voltage may vary widely because 

of fluctuating loads, it is important to design 
equipment so that the maximum grid —current and 

grid —voltage ratings are never exceeded for any 

load. An approximate rule is to adjust the grid—

current and grid—voltage values at ful l load to 

one—half of the corresponding maximum values. 

This operating condition permits grid—current 
and grid —voltage val ues to rise from zero to 
twice theirful l—loadvalues, and usual ly provides 

adequate leeway. 

In grid—drive circuits, the grid current and 

driving power required to obtain the desired 
power output wi l l vary with the plate loading. 
If the plate circuit presents a relatively low 
resistance to the tube, the desired output can 
be obtained with relatively low grid current and 
driving power, but plate—circuit efficiency is 
sacrificed. Conversely, if the tube operates 
into a relatively high load resistance, relatively 
high grid current and driving power are required 
to obtain the desired output and the plate cir—
cuit efficiently wi l l be high. In practice, a 
compromise must be made between these extremes. 
The typical operating conditions given in the 
tabulated data represent compromise conditions 
which give good plate—circuit efficiency with 
reasonable driving power. 

In order to permit considerable range of 
adjustment, and also to provide for losses in 
the grid circuit and the coupl ing circuits, the 
driver stage should have considerably more out—
put capabi l ity than the typical driving power 

shown in the tabulated data. This recommendation 

is particularly important near the maximum rated 

frequency wherethere are other losses of driving 
power, such as those caused by radiation and 
transit—time effects. 

In cathode—drive circuits, there is afurther 
.increase in required driving power due to the 
fact that the grid —driving voltage and the de—
veloped rf plate voltage act in series to supply 

the load circuit. The increased driving power 
is not lost because it appears as output from 

the cathode—drive stage. If the driving voltage 

and grid current are increased, the output wi l l 
always increase. Such is not the case in a grid— 

drive circuit where a saturation effect takes 
place, i.e., above a certain value of driving 
voltage and current, the output increases very 
slowly and may even decrease. It is important 
to recognize this difference and not try to sat—
urate a cathode—drive stage because the rated 
maximum grid current may easi ly be exceeded. 

Care must be exercised to shield completely 

the fi lament—grid circuit from the grid —plate 

circuit when the 5762—A is used in cathode—drive 

circuits at the higher frequencies. 

In tuning a cathode—drive rf ampl iffier, it 
must be remembered that variations in the load 
on the output stage wi l l produce corresponding 

variations in the load on the driving stage. 

This effect wi l l be noticed by the simultaneous 
increase in plate currents of both the output 

and driving stages. 

Push—pul l or paral lel circuit arrangements 

may be used when more radio—frequency power is 

required than can be obtained from a single tube. 
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Two tubes in paral lel or push—pul l wi l l give 

approximately twice the power output of one tube. 

The paral lel connection requires no increase in 
exciting voltage necessary to drive a single 
tube. With either connection, the driving power 
required is approximately twice that for a sin—
g le tube. The push—pul l arrangement has the 
advantage of cancel l ing the even—order harmonics 

from the output and of simpl ifying the balancing 
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of high—frequency circuits. When two or more 

tubes are used in the circuit, precautions should 

be taken to balance the plate currents. 

REFERENCE 

E• E. Spitzer, "Grounded-Grid Power A~nblifiers", Elec-
tronics, Vo1.19, No.4, pp. 138-141 (April, 1946). 
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FM: FILAMENT MID-TAP 
G GRID FLANGE 
P RADIATOR-COOLED PLATE 

Information furnished by RCA is believed to be accurate 
and rel iable. However, no responsibil i ty is assumed by 
RCA for its use; nor for any infringements of patents 
or other rights of third parties which may result from 
i ts use. No l icense is granted by impl ication or 
otherwise under any patent or patent rights of RCA. 



Ei~'w~.~~ O€~~~~CON 
Magnetic Focus 

Magnetic Deflection 

For Outdoor and Studio Pickup 

High Sensitivity 

The g82o-A is unilaterally int•erchangea6le with the g82o. 

3"-Diameter Bulb 

15.20" Length 

RCA-5820-A is animage-orthicon type of tele-

vision camera tube .intended for both outdoor and 

studio _pickup. It features extremely tight l im-

its on such important performancecharacteristics 

as signal-to-noise ratio, reso-

lution, sensitivity, and uni- 

fortuity of sensitivity and 

background. The 5820-A is 

capable of providing pictures 

of very high qual ity and also 

of providing stable operation 

over a wide range of incident 

l ight levels on the object. 

Stable performance is ob-

tained with incident l ight 

levels on the object ranging 

from bright sunl ight (seve.ral 

thousand footcandles) to adeep 

shadow Ibne. footcan~dle or 

lessf. The sensitivity of the 

5820-A is equivalent to photo-

graphic fi lm having an ASA 

exposure index of 8000" Com-

mercial ly acceptable pictures 

can be obtained at inc,idenf 

I fi ght levels greater than about 

10 footcand►es withappropriate 

setting of the camera tens 

stops. The 5820-A has an S-10 

spectral response which ap- 

response of the eye. proaches the 

The photocathode uti l ized in the 5820-A is 

characterized by a spectral response having high 

blue sensitivity, high green sensitivity, good 

red sensitivity, and practical ly no infrared 

sensitivity. This latter characteristic of the 

response .prevents any color-masking by infrared, 

and thus permits gray-scale rendition of colors' 

in nearly their true tonal gradation. 

Under proper operating conditions, the 

5820-A has l ight transfer characteristics which 

y Indicates a change. 

do not require the use of gamma-correction cir-
cuits to provide normal tone rendition in olack-. 

and-white pictures on the picture-tube screen. 

DATA 

General; 

Heater, for Unipotential Cathode: 
Voltage (AC or DC). _ . . 6.3 t 10`: 
current 0  6 

Direct Interelectrode Capacitance: 

Anode to all other electrodes 12 pf .- 
Spectral Response  5-10 
Wavelength of Maximum Response. u500 t 900 angstroms 
Photocathode, Semitransparent: 

Rectangular Image (u x 3 aspect ratio): 
Useful size of 1  8" max. Ciagonal 

Note: The size of the optical image focused on the 
photocathode should be adjusted so that its maximum 
diagonal does not exceed the specified value. The 
corresponding electron image on the target should 
have a size such that the corners of the rectangle 
just touch the target ring. 

Orientation of Proper orientation is obtained 
when the vertical Scan is essentially parallel to 
the plane passing through center of faceplate and 
pin No.7 of the shoulder base. 

Focusing Method Magnetic 
Deflection Method  Magnetic 
Overall Length  15.20" t 0.25" 
Greatest Diameter of Bulb   3,00" t 0.06" 
Shoulder Base   Keyed Jumbo Annular 7-Pin 
End Base. Small-Shell Diheptal 14-Pin (JEDEC No. BSu-u5) 
Operating Position. The Lube should never be operated 

in a vertical position with the diheptal-base 
end up nor in any other position wnere the 
axis of the tube with the base up makes an 
angle of less than 20° with the vertical. 

Weight (Approx  )  lb 6 oz 
Minimum Deflecting—Coil Inside Diameter   2-9/e" 
Deflecting-Coil Length 
Focusing-Coil Length 
Al ignment-Coil Length  
Photocathode Distance Inside End of 

Focusing Coil  

Data  ^ 

Contents 

volts 
ampere 

5" 
10" 

15/16" 

i/2" 
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Maximum Ratings, Absolute-Mazimum Yalues:a

PHOTOCATHODE: 
Voltage  -550 max. 
Illumination   50 max. 

OPERATING TEMPERATURE: 
Of any part of bulb  50 max. 
Of bulb at large end of tube 
(Target section)   35 min. 

TEMPERATURE DIFFERENCE: 
Between target section and any part 
of bulb hotter than target section 5 max. 

GRID-No.b VOLTAGE  -550 max. 
TARGET VOLTAGE: 

Positive value  
Negative value  

GRID-No.S VOLTAGE 
GRID-N0.4 VOLTAGE 
GRID-No.3 VOLTAGE 
GRID-No.2 d OYNODE-No.i VOLTAGE 
GRID-No.l VOLTAGE: 

Negative-bias value 
Positive-bias value 

PEAK HEATER-CATHODE VOLTAGE: 
Heater negative with 

respect to cathode   125 max. volts 
Heater positive with 

respect to catho~e   10 
ANODE-SUPPLY VOLTAGE   1350 

VOLTAGE PER MULTIPLIER STAGE + 350 

10'max. 
10 max. 

150 max. 
300 max. 
u00 max. 
350 max. 

125 max. 
0 max. 

max. 
max. 
max. 

Typical pperating Values: 

Photocathode Voltage 
(Image Focus)  -400 to -540 

Grid-No.6 Voltage (Accelerator)—
(Approx. 754 of photocathode 
voltage)   -300 to -405 

Target-Cutoff Voltagec   -3 to +1 
Grid-No.S Voltage (Decelerator). 0 to 125 
Grid-No.4 Voltage (Beam Focus) 140 to 180 
Grid-No.3 Voltaged  225 to 330 
Grid-No.2 6 Dynode-No.i Voltage. 300 

Grid-No.i Voltage for 
Picture Cutoff  -45 to -115 

Dynode-No.2 Voltage 600 
Dynode-No.3 Voltage 800 
Dynode-No.0 Voltage. 1000 
Dynode-No.S Voltage 1200 
Anode Voltage 1250 
Minimum Peak-to-Peak 
,Blanking Voltage  5 

Field Strength at Center of 
Focusing Coila  75 

Field St re nth of Al ignment Coil. 0 to 3 

volts 
Pc 

Peak-to-Peak Response to 
Square-Wave Test Pattern 
of u00 TV Lines per 
Picture Height (Per cent 
oP large-area black to 
large-area white)9 

oC Uniformity: 
Ratio of Shading (Back-

oC ground) Signal to High-
l ight Signal 

Variation of Highl ight 
oC Signal (Per cent of 

maximum highl ight 
volts signal)h  

volts 
volts 
volts 
volts 
volts 
volts 

volts 
volts 

volts 
volts 
volts 

volts 

volts 
volts 
volts 
volts 
volts 
volts 

volts 
volts 
volts 
volts 
volts 
volts 

volts 

gausses 
gausses 

Perfarmance Data;f

i✓ith conditions shoum under TyyicaZ Oyera-
ting Values and with camera lens set to bring 
the 9icture highlights one slog above the 
"Anee" of the light transfer characteristic 

7fin. Average ,Vax. 
Cathode Radiant Sensitivity 

at u500 angstroms  - 0.030 
'Luminous Sensitivity 30 60 
Anode Current .(DC)   - 30 
Signal-Output Current (Peak 

to Peak)   3 8 24 
Ratio of Peak-to-Peak High-

l ight Vitleo-Signal Current 
to RMS Noise Current for 
Bandwidth of 4.5 Mc. .35:1 u0:1 - 

photocathode 111umination 
at 28700 K Required to 
bring Picture Highl ights 
One Stop above ^Knee^ of 
Light Transfer Character-
istic  - 0.02 O.ou 

~Indlcates a change.. 

amp/watt 
- µa/lumen 

µa 

35 6G - 4 

- 0.12 0.15 

- 20 25 4 

e The maximum ratings in the tabulated data are establ ished 
in accordance with Lhe following definition of'the Abso-
lute-Alaximum Rating System for rating electron devices. 

Absolute-Maximum ratings are l imiting values of operating. 
and environmental conditions apPl icab•le to any electron 
tlevice of a specified type as defined by its publ ished 
data, and should not be exceeded under the worst probable 
conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceabil ity of the device, taking no 
responsibil ity for equipment variations, environment 
variations, and the effects of changes in operating 
conditions due to variations in device characteristics. 

The equipment manufacturer should design so that ini-
tially and throughout l ife no Absolute-Maximum value 
for the .intended servioe is exceeded with any device 
under the worst probable operating conditions with 
respect to supply-voltage variation, equipment compon-
ent variation, equipment control adjustment, load varia-
tion, signal variation, environmental conditions, and 
variations in device characteristics. 

b Dynode voltage values are shown under tyyical Oflerating 
Ya lue s. , 

c Normal setting of target voltage is +2 volts from tar-
yet cutoff. The target supply voltage should De ad-
~ustable from -3 to +5 volts. 

d Adjust to give the most uniformly shaded picture near 
maximum signal. 

e Direction of current should be such that a nort:~-seex-
iny pole is attracted to the image end of the fcc,.sing 
coil, with indicator located outside of anC ~: the 
image end of the focusing coil. 

f With 5820-Rope rated in properly adjusted RCA TK-31 camera. 

g Measured with ampl ifier having flat frequency response. 

h Variation of response over scanned area. 

INTERCHANGEABILITY 

The 5820-A is directly interchangeable with 

the 5820 in al l existing cameras. The informa-

tion shown on the fol lowing pages under Set-Ufl 

Procedure, 0>Serating Considerations, Camera-

Design Considerations, and Principles o}' Opera-

tion is identical with that recommended for 

the 5820. 

SET-UP PROCEDURE 

,The set-up yrocedure for operating the 5820-A 

is as fol lows: After the tube has been inserted 

in its sockets and the voltages appl ied as indi-

cated under Typical Operation, al low it to warm 

µa up for I/4 to I/2 hour with the camera lenscapped. 

.Uncap the lens momentari ly whi le adjusting 

the grid-No. l voltage to give a smal l amount of 

beam currents This procedure wi l l prevent the 

mesh from being electrostatical ly pul led into 

contact with the glass disc. Make certain that 

the deflection circuits are functioning properly 

fG to cause the electron beam to scan the target. 
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Adjust the deflection circuits so that the beam 

wi l l "overscan" the target, i.e., so that the. 

area of the target scanned is greater than its 

sensitive area. This procedureduring thewarming—
up period is recommended to prevent burning on 

the target a raster smal ler than that used for 

on—the—air operation.. Note that overscanning_ 
the target results in a smal ler—than—normal 
picture on the monitor. 

With the lens sti l l' capped and the target 
voltage set at approximately 2 volts negative, 
adjust the grid—No. l voltage unti l noise or a 
rough—textured picture of dynode No. l appears on 
the monitor. Then adjust the al ignment—coi l 
current so that the smal l white dynode spot does 
not move when the beam—focus control (grid No.4) 
is varied, but simply goes in and out of focus. 
Daring al ignment of the beam, and also during 
operation of the tube, always keep the beam cur—
rent as low as possible to give the best picture' 
qual ity and to prevent excessive noise. 

Next, uncap the lens and open the lens iris 
pa rt ial.iy. Focus the camera on a test pattern. 
The target voltage is then advanced unti l a re—
production of the test pattern is just discern—
ibleonthe monitor. This value of target voltage 
is known as the "target cutoff voltage". The 
target voltage should then be raised exactly 2 
volts above the cutoff—voltage value, and the 
beam—current control adjusted togive just suffi—
cient beam current to discharge the highl ights. 

Then adjust the lens to produce best optical 
focus, and the voltage on the photocathode as 
wel l as the voltage on grid No.4 to produce the 
sharpest picture. 

At this point, attention should be given to 
the grid—No.5 and grid—No.3 voltage controls. 
Grid No.5 is used to control the landing of the 
beam on the target and consequently the uniform—
ity of signal output. Thegrid—No.5 voltage con—
trol should be adjusted to produce a picture that 
has most uniform shading from centertoedge with 
the lens iris opened sufficiently topermit opera—
tion with the highl ights above the knee of the 
l ight transfer characteristic. The value of 

grid—No.5 volt age should be as high as possible 
consistent with uniform shading. Grid No.3 fa—
ci l itates a more complete col lection by dynode 
No•.2 of the secondaries from dynode No. l. The 
grid—No.3 voltage control should be adjusted to 
produce the maximum signal output. 

Now with a test pattern consisting of a 
straight l ine centered on the face of the 5820—A 
adjust the voltage on grid—No.6 along with the 
voltage on the photocathode to produce a sharply 
focused straight l ine on the monitor. Improper. 
adjustment of the grid—No.6 voltage control wi l l, 
result in the straight—l ine pattern being repro—
duced with a sl ight 5—shape. 

The above adjustments constitute a rough set—
up of the 5820—A. Final adjustments necessary 

for the 5820-A to produce the best possible pic—

ture are as fol lows: With the lens capped, re—

al ign the beam. Beam al ignment is'necessary after 
each change of the grid—No.5 voltage control 
and sometimes after each adjustment of the grid—
No.3 voltage control, 

The proper i l lumination level for camera 
operation should next be determined. Adjust the 
target voltage accurately to 2 volts above the 
target—cutoff value. Remove the lens cap and 
focus the camera on a test pattern. Open the 
lens iris just to the point where the highl ights 
of the test pattern do not rise as fast as the 
low—l ights when viewed on a video waveform os—
ci l loscope. 

Next, cap the I ens and adjust the grid—No.3 
voltage control so that the video signal when 
viewed on a video waveform osci l loscope hasthe 
flattest possible trace consistent with high 
signal output. This represents the black level 
of the picture. 

The lens iris setting should then be noted, 
.and the lens stop opened not more than one posi—
tion beyond this point, unless extreme scene—
contrast ranges necessitate opening the lens 
stop beyond this point. 

The use of a higher value of target voltage 
than that recommended wi l l shorten the l ife of 
the 5820—A. The target—voltage ,control should 
not be used as an operat i ng cont ro I to match 
pictures from two different cameras. Matching 
of cameras should be accompl ished by control of 
the lens iris openings. 

Retention of a scene by the 5820—A sometimes 
cal led a "sticking picture", may be experienced 
if the 5820—A is al lowed to remain focused on a 
stationary bright scene, or if it is focused on 
a bright scene before reachingoperating tempera—
ture in the range from 35° to 45° C. Often the 
retained image wi l l disappear in a few seconds, 
but sometimes it may persist for Idng periods 
before it completely disappears. A very persist—
ent image can general ly be removed by focusing 
the 5820—A on a clear white screen and al lowing 
it to operate fora period of time with an i l lu—
minat ion of about I footcand le on the photocathode. 

To avoid retention of a scene, it is recom—
mended that the 5820—A always be al loweo to warm 
up in the camera for I/4 to I/2 hour with the 
lens iris closed and with a sl ight amount of 
beam current. Never al low the 5820—A to remain 
focused on a stationary bright scene, anc never 
use more i l lumination than is necessary. 

OPERATING CONSIDERATIONS 
New g82o—A's should 

mediately upon receipt. 
for several hours before 

be placed in servi~2 im—
They should be operated 

being set aside as spares. 

Share g8ao—A's should be placed in service 
for several hours at least once a month in order 
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to keep them free from traces of g•as which may 

be l iberated within the tube during prolonged 
storage. 

Occasional ly, a white s¢ot which does not 

change in size when the beam-focus voltage is 

varied, may be observed in the center of the 
picture. Such a spot, especial ly if it is visi—
ble on the monitor with the camera lens capped, 
is probably an ion spot. If the spot begins to 
grow in size with continuous operation, the 
5820—A should be removed from service at once, 
and returned for re-processing. Continued oper-
ation cf an image orthicon with an ion spot wi l l 
eventual ly damage the target permanently. 

The spectral response of the 5820-A is shown 
in Fig. l. 

The operating temperature of any part of the 
glass bulb should never exceed 50° C, and no part 
of the bulb at the large end of the tube (target 

'~, section) should ever fal l below 35o C during 
operation. The temperature of the target is es-
sential ly the same as that of the adjacent glass 
bulb and can, therefore, be determined by measur-

ing the temperature of the glass bulb adjacent 

to thetarget. For best results, it is recommend-
ed that the temperature of the entire bulb be 
held between 35° and 45° C. Operation of too low 
a temperature wi l l be characterized by the ap-
pearance of a rapidly disappearing "sticking 
picture" of opposite polarity from the original 
when the picture is moved. Operation at too 
high a temperature wi l l cause loss of resolu-
tion and possibly permanent damage to the tube. 
Resolution is regained by waiting for the tem-

perature to drop below 45o C. No part o.f the 
bulb should run more than g° C hotter than the 
target section to prevent cesium migration to 
the target. Such migration wi l l result in loss 
of resolution, and in probable permanent damage 
to the tube. Like other photosensitive devices 
employing cesium, the 5820—A may show fluctua—
tions in performance from time to time. Strict 
observance of the above recommendations with re-
spect to operating temperature wi l l not com-
pletely el iminate these variations but wi l l 
greatly improve the stabi l ity of the character-

istics during the l ife of the tube. 

Full-size scanning of the target should al—
ways be used during on—the—air operation. Ful l—
size scanning can be assured by first adjusting 
the deflection circuits to oversCan the target 
sufficiently to cause the corners of the target 
to be visible in the picture, and then reducing 

the scanning unti l the corners just disappear. 

In this way, the maximum signal—to—noise ratio 
and maximum resolution can be obtained. Note 
that overscanning the target produces a smal ler—

than—normal picture on the monitor. 

Underscanning the target, i.e., scanning an 
area of the target less than its sensitive area, 

should never be permitted. Underscanning pro—
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Sensitivity Characteristic of Type 
S—io Response. Curve is sh.omn ; or 
Radiant Flux at All Wavelengtr.s. 

duces alarger—than—normal picture on the monitor. 

If the target is underscanned for any length of 

time, apermanent change in target cutoff voltage 
of the underscanned area takes place with the re—
sult that the .underscanned area thenceforth is 
visible in the picture when ful l—size scanning 
is restored. 

To uti l ize the resolution capability of the 
5820—A in the horizontal direction with the 
standard scanning rate of 525 l ines, it is nec—
essary to use a video ampl ifier having a band—

width of at least 6 megacycles. 

Even with a wide—band ampl ifier, the reso—

lution may be l imited in the image section by 
"cross talk" caused by the scanning fields. ;fin—

less prevented by proper shielding from extend—
ing into the image section (see Proffer Shielding 
unde'rCamera—Design Considerations), these fi~'as 
wi l l Gause the electron image on the tare at ~.o 
move at scanning frequency. As a result, the 
picture wi l l lack definition. 

The dynode aperture appears as a smal l wnite 
spot near the center of the image of the dynode 
surface. The white spot is most evident when it 
fal ls within dark areas of the scene. Little 
defocusing of the beam is required to minimize 
the effect of dynode aperture when the scene is 
brightly i l luminated, but in dark scenes, the 
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effect of dynode aperture is a l imiting item on 

resolution. 

Dynamic focusing may be employed to give more 
uniform focus from center to edge of picture, and 

to el iminate dynode pattern or texture in low—

l ight portions of a scene. Dynamic focusing is 
accompl ished by applying to the beam—focus elec—
trode (grid No.41 a voltage with parabol is wave—
form consisting of mixed horizontal and vertical 
scanning frequencies. The peaks of the parabol ic 
waveform should be negative and coincident with 
those of the blanking signal. The dynamic—focus—
ing voltage should have a peak—to-peak value of 
about 5 volts. 

The light transfer characteristics of the 

5820—A change for different i l lumination levels 

lsee Reference 2l. The basic l ight transfer 
characteristic of the 5820—A is shown in Fig.2. 
This curve is representative only for smal l—area 
highl ights. For larger—area highl ights, the 
bend or "knee" is not quite as abrupt as shown 
in Fig.2. 

Sensitivity and Illumination: The image or—
thicon is an ultra—sensitive device exceeding in 

relative sensitivity most high—speed photographic 
fi lm. When related to photographic fi lm and 
compared at shutter speeds of I/60 second which 
is the field rate of the television system, the 
5820—A with proper i l lumination wi l l have~an 
equivalent ASA exposure index of 8000. This 
equivalent fi lm—speed rating can be used in con—
junction with a photographic exposure meter.to 
determine the approximate l ight level or len's—
stop setting necessary for operating the 5820—A. 

'The i l lumination on the photocathode of the 
5820—A in relation to the scene i l lumination, can 

be determined by the fol lowing relationship: 

where 

Is 
f 

Ipc 
m 

T 

R 

Is = 
4fZ IPc !m + 1 1 2 

TR 

= scene i l lumination in footcandles 
= f—number of lens ' 
= photocathode i l lumination in footcandles 
= l inear magnification from scene to target 
= total transmission of lens 

= reflectance of principal subject in scene 

Except for very close shots, the l inear magni—
fication !ml from scene totarget may beneglected. 

For example, assume that the lens is fa l l 
having atransmission iTl of 80~, that the photo—
cathode i l lumination is 0.020 footcandle, and 
that the scene to be televised has a highl ight 
reflectance !Rl of 75%. 
Then, 

Is = 
4 x I I Z x 0.020 

0.8 x 0.75 
Ib footcandles' 

W I

0 

2 
r'

SI. 

. J 
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Fig.2 — Basic Light Transfer Characteristic 
of Tyke 58ao—A. 

The exact i l lumination for each 5820—A as 
final ly set up on the scene should be determined 
by observing the video waveform on an osci l lo—
scope. First adjust the lens setting of each 
Camera to that. level of l ight necessary to reach 
the knee of the l ight transfer characteristic. 
The camera lens is then normal ly set tc bring 

picture highl ights one stop above the knee of 

the transfer characteristic. 

For very high i l lumination or for individual 
tubes with exceptional ly high photocathode sensi—
tivity, it may not be possible to stop the lens 
down far enough to reduce the highl ight i l lumi—
nation on the photocathode to a value near the 
knee of the transfer characteristic. When such 
a condition is encountered, the use of a Wratten 
neutral fi lter selected to give the required re—
duction in i l lumination is recommended. Ordinari,
ly, two fi lters—one having 10% transmission and 
the other20%—wi l l give sufficient choice. Such 
fi lters with lens—adapter rings can be obtained 
at photographic—supply stores. 

The low i l lumination level needed on the 
photocathode of the 5820—A makes it necessary 
that no stray l ight from without or within the 
camera fal ls on the face of the tube. 

CAMERA—DESIGN CONSIDERATIONS 
The 5820—A has two complementary guides for 

inserting the tube correctly in the annular sock—
et, i.e., the large pin (No.7) on the annular 
base, and the white radial l ine on the face of 
the bulb. The annular socket should be posi—
tioned so that the key pin iNo.7i of the annular 
base is in a vertical plane through the common 
axis of the deflecting—coi l assembly and the 
focusing coi l assembly, and is at the bottom of 
the pin circle of the annular base. 

The 5820—A is instal led by inserting the 
diheptal-base end of the tube through the coi l 
assembly and then turning the tube unti l the 
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annular—base pins, keyed by pin No.7, can be in—

serted in the annular socket. Proper insertion 

al igns the white radial •l ine on the face with 

center of the key—pin hole in the annular socket. 

The d i hepta I socket i s then put on the 14—pi n base. 

A mask having a diagonal or diameter of I.8 

inches should always be used on the photocathode 

to set l imits for the maximum size of scan, and 

to reduce the amount of l ight reaching unused 

parts of the photocathode. 

° The optical system used with the 5820—A 

should be designed according to basic optical 

principles and should incorporate an iris to 
control the amount of l ight entering the tele—

vision camera lens. The entire optical system 

should have al l inside surfaces finished in mat 

black to prevent internal reflections from reach—

ing the photocathode. Under almost al l con—. 

ditions, the use of a lens shade is beneficial. 

Proper shielding of the image section can be 
provided by wrapping around the outside of the 

focusing coi l directly over the center of the 
deflecting coi ls a triple layer of Mumetal strip 

0.006" thick and 5" wide, or equivalent. Then, 

wrap another triple layer of Mumetal strip 0.006" 
thick and 3" wide around the focusing coi l di—

rectly over the image section of the 5820—A. 

Additional shielding is provided by fitting the 

inside of the focusing coi l directly over.the 

image section with a copper cyl inder having a 

length of approximately 2—I/4" and a wal l thick—
ness of I/32". The Mumetal shielding effectively 

shunts the field—rate deflection field, whi le 

the copper cyl inder shields the higher frequency 

l ine—scanning field from the electron path in 

the image section. Unless proper shielding'is 

provided, "cross talk" from the deflecting yoke 

into the image section wi l l result in loss of 

picture sharpness. 

A blanking signaC should be suppl ied to the 
target to prevent the electron beam from strik—
ing the target during the return portions of the 
horizontal and vertical deflecting cycles. Un—

less this is done, the camera—tube return l ines 
wi l l .appear in the received picture. 

The blanking signal is a series of negative 

voltage pulses. The voltage.between pulses must 

be constant to prevent fluctuation of the target 

voltage. During the blanking periods, the ful l 

beam current without video—signal modulation is 

returned to the multipl ier and its multipl ied 

output flows through the load resistance. Ex—

cessive amounts of blanking voltage appl ied to 

the target wi l l impair resolution, since during 

retrace the target is out of focus to the contin—
uously flowing photocathode current. A desir—

able amount of target blanking is 6 volts peak 

to peak. 

Shading may be required even with optimum 

adjustment of voltage on grid No.3 in order to 

obtain a uniformly shaded picture. Sawtooth and 

parabol ic waveforms of adjustable ampl itude and 

polarity at both the vertical— a,ndhorizontal—

scanning frequency should be provided for inser—

tion in the video ampl ifier to aid in obtaining 

a flat background. The shading signal should be 

introduced in the ampl ifier after clamping is 

performed, since clamping circuits wi l l remove 

the vertical—frequency shading component if added 

previous to the clamp—circuit location. 

Failure o,{ scanning even for a f.ew minutes 

when l ight is incident on the photocathode may 
permanently damage -the surface of the target. 

The damaged area shows up as a spot or l ine in 

the picture during subsequent operation. 

To avoid damaging the 5820—A during scanning 

failure, provision should be made to prevent 

automatical ly the scanning beam from reaching 

the target. The scanning beam can be prevented 

from reaching the target by l l ) cutting off the 

scanning beam, or (2) making the target suffi—

ciently negative. The scanning beam can be cut 

off by a relay which appl ies —1 15 ,to —125 volts 

bias to grid No. l. The target can be made suf—

ficiently negative by a relay which appl ies z 

bias of —10 volts to it. Either relay is actu—

ated by a tube which is control led by a portior, 

of the scanning pulse voltage developed across 

either the horizontal or the vertical deflecting 

coi ls, or both. It is important to insure tnat 

in the event of fai lure of either the horizontal 

scanning pulse or the vertical scanning pulse, 

the circuitry should be capable of actuating the 

protection relay. 

PRINCIPLES OF OPERATION 

The 5820—A has three sections— an image sec—
tion, ascanning section, and a multipl ier sec~ion. 

Image Section 
The 'image section contains a semitransparent 

photocathode on the inside of the faceplate, a 
grid to provide an electrostatic accelerating 
field, and a target which consists of a thin 
glass disc with a fine mesh screen very closely 
spaced to it on the photocathode side. Focusing 
is accompl ished by means of a magnetic field 
produced by an external coi l, and by varying the 
photocathode voltage. 

Light from the scene being televised is 
picked up by an optical lens system and focused 
on the photocathode which emits electrons from 
each i l luminated area in proportion to the in—
tensity of the l ight striking the area. The 
streams of electrons are focused on the target 
by the magnetic and accelerating fields. 

On striking the target, the electrons cause 
secondary electrons to be emitted by the glass. 
The secondaries thus emitted are col lected by 
the adjacent mesh screen which is held at a def—
inite potential of about 2 volts with respect to 
target—voltage cutoff. Therefore, the potential 
of the glass disc is l imited for al l values of 
l ight and stable operation is achieved. Emis—
sion of the secondaries leaves on the photo—
cathode side of the glass a pattern of positive 



charges which corresponds with 
the pattern of l ight from the 
scene being televised. Be—
cause of the thinness of the 
glass, the charges set up a 
simi lar potential pattern on' 
the opposite or scanned side 
of the glass. 

Scanning Section 

The opposite side of the 
glass is scanned by a low—
velocity electron beam pro—
duced by the electron gun in 
the scanning section. This 
gun contains a thermionic 
cathode, a control grid (grid No. 1 1, and an 
accelerating grid (grid No.2). The beam is 
focused at the target by the magnetic field of an 
external focusing coi l and the electrostatic 
field of grid No. 4. 

Grid No.5 serves to adjust the shape of the 
decelerating field between grid No.4 and.the 
target in order to obtain uniform landing of 
electrons over the entire target area.. The 
electrons stop their forward motion at the sur—
faceof the glass and are turned back and focused 
into a five—stage signal multipl ier, except when 
they approach the positively charged portions of 
the pattern on the glass. When this condition 
occurs, they are deposited from the scanning 
beam in quantities sufficient to neutral ize the 
potential pattern on the glass. Such deposition 
leaves the glass with a negative charge on the 
scanned side and a positive charge on the photo—
cathode side. These charges wi l l neutral ize each 
other by conductivity through the glass in less 
than the time of one frame. 

Al ignment of the beam from the gun is accom—
pl ished by a transverse magnetic field produced 
by an external coi l located at the gun end of 
the focusing coi l. 

Deflection of the beam is accompl ished by 
transverse magnetic fields produced by external 
deflecting coi ls. 

The electrons turned back at the target form 
the return beam which has been ampl itude modula—
ted by absorption of electrons at the target in 
accord with the charge pattern whose more posi—
tive areas correspond to the highl ights of the 
televised scene. 

PHOTOCATHODE 

TELEVISED CAMERA 
SCENE LENS 

,~ 
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Multipl ier Section 

The return beam is directed to the first 
dynode of a five-stage electrostatical ly focused 
multipl ier. This uti l izes the phenomenon of 
secondary emission to ampl ify the modulated beam 
current more than 500 times. The electrons in 
the beam impinging on the first-dynode surface 
produce many other electrons. These secondary 
electrons are then directed to the second dynode 
and knock out mdre new electrons. Grid No.3 
faci l itates a more complete col lection by dynode 
No.2 of the secondaries from dynode No. 1. The 
multiplying process is repeated in each succes—
sive stage, with an ever—increasing stream of 
electrons unti l those emitted from dynode No.5 
are col lected by the. anode and constitute the 
current uti l ized in the output circuit. 

TARGET 
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SECTION 

Fip.g - Schematic Arrangement o•f Type g8ao-A. 

The signal-to-noise ratio of the output sig-
nal from the 5820-A is high. The gain of the 
multipl ier is such as to raise the output signal 
sufficiently above the noise level of the video-
,ampl ifier stages so that they contribute no 
noise'to the final video signal. The signs;-to-
noise ratio of the video signal, therefore, is 
determined only by the random variations of the 
modulated electron beam. 

DOS and DON'TS 
on Use of RCA-5820-A 

Here are the "dos"-

1. Allow the 5820-A to warm up prior to operation. 
2. Hold temperature of the 5820-A within operating 

range. 

3. Make sure alignment coil is properly adjusted. 

4. Adjust beam-focus control for best usable 
resolution. 

5. Condition spare 5820-A's by operating several 
hours once each month. 

6. Determine proper operating point with target 
voltage adjusted to exactly 2 volts above 
target cutoff. 

7. Keep beam current as low as possible for best 
picture qual ity and to prevent excessive noise. 

8. Cap lens during standby operation. 

Here are the "don'ts"—

I. Don't force the 5820-A into its shoulder socket. 

2. Don't operate the 5820-A without scanning. 

3. Don't underscan target. 

4.• Don't operate a 5820-A having an ion spot. 

5. Don't focus the 5820-A on a stationary bright 
scene. 

6. Don't turn off beam while voltages are applied 
to photocathode, grid-No.6, target, dynodes, 
and anode during warmup or standby operation. 
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DIMENSIONAL OUTLINE 

.425` 
1.025" 

,OaO" 
},002" DIA, 

6 PINS 

— JUMBO 
ANNULAR 

7-PIN BASE 

15.20" 
t.25 

200"2.06" 
aA. 

BASE 
JEDEC GROUPS 

N>s B14-aS 

DETAIL OF BOTTOM, VIEW 
OF JUMBO ANNULAn BASE 

GROSS-HATCHED 
1,315"R. MIN. AREA IS FLAT 

/ 1.185"R. MAX. 

y 

SEE NOTE I 

ENLARGED BOTTOM VIEW 

25 43 

.5"MIN. 

NOTE I: DOTTED AREA IS FLAT OR EXTENDS TOWARD 
DIHEP7AL-BASE END OF TUBE BY 0.060" MAX. 

ANNULAR BASE GAUGE 
ANGULAR VARIATIONS BETWEEN PINS AS WELL AS 
ECCENTRICITY OF NECK CYLINDER WITH RESPECT 
TO PHOTOCATHODE CYLINDER ARE HELD TO TOLER-
ANCES SUCH THAT PINS AND NECK CYLINDER WILL 
FIT FLAT-PLATE GAUGE WITH: 

a. SIX HOLES HAVING DIAMETER OF 0.065" t 
0.001" AND ONE HOLE HAVING DIAMETER OF 
0.150"t 0.001". ALL HOLES HAVE DEPTH OF 
0.265" t 0.001". THE SIX 0.065" HOLES 
ARE ENLARGED 8Y u5o TAPER TO DEPTH OF 
O.Ou7". ALL HOLES ARE SPACED AT ANGLES 
OF 51026' t 5' ON CIRCLE DIAMETER OF 
2.500" t 0.001". 

b. SEVEN STOPS HAVING HEIGHT OF 0.187" t 
0.001", CENTERED BETWEEN PIN HOLES,. TO 
BEAR AGAINST FLAT AREAS OF BASE. 

C. RIM EXTENDING OUT A MINIMUM OF 0.125" 
FROM 2.812" DIAMETER AND HAYINGHEIGHT 
OF 0.126" t 0.001". 

d. NECK-CYLINDER CLEARANCE MOLE HAVING 
DIAMETER OF 2.200" t 0.001". 

92CM-8293 R3 

BASING DIAGRAM 
Bottom View 

DIRECTION OF LIGHT 
PERPENDICULAR TO 
LARGE END OF TUBE 
IGA AIC 

v 
WHITE INDEX LINE 

ON FACE 

SMALL-SHELL DIHEPTAL 14-PIN BASE 

PIN 1: HEATER 

PIN 2: GRID No.>1 

PIN 3: GRID N0.3 

PIN >F: INTERNAL CONNEC-
TION—DO NOT USE 

PIN 5: DYNODE No.2 

PIN 6: DYNODE No.0 

PIN 7: ANODE 

PIN 8: DYNODE No.S 

PIN 9: DYNODE No.3 

PIN 10: DYNODE NO.1, 
GRID No.2 

PIN 11: INTERNAL CONNEC-
T ION—DO NOT USE 

PIN 12: GRID No.i 

PIN 13: CATHODE 

PIN 14: HEATER 

KEYED.JUMBO ANNULAR 7-PIN BASE 

PIN 1: GRID No.li 

PIN 2: PHOTOCATHODE 

PIN 3: INTERNAL CONNEC-
TION~DO NOT USE 

PIN Y: INTERNAL CONNEC-
TION—DO NOT USE 

PIN 5: GRID No.5 

PIN 6: TARGET 

PIN 7: INTERNAL CONNEC-
TION—DO NOT USE 

Information furnished by RCA is believed to be accurate 
and rel iable. However, no -responsibllity is assumed by 
RCA for its use; nor for any Infringements of patents 
or other rights of third parties which may result from 
its use. No license is granted by implication or 
otherwise under any patent or patent rights of RCA, 



NEW PRODUCi RI010 COflPOflAiION OF AMERICA 
ANNOUNCEMENT 

~. 
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INTERNATIONAL DIVISION HARRISON, N. J. 
LICENSEE SERVICE 

RCA-61596 
NEW BEAM POWER TUBE 

FULL POWER OUTPUT FROM "IDLING" TO "FULL THROTTLE" is now achieved 
to bring new reliability to airborne communications. The 61596 
operates with 26.5 volts on the heater and handles voltage fluc-
tuations over the range of 21 to 31 volts. In addition, it displays 
features similar to the recently announced RCA-6146B/8298A and 
RCA-6883B/8032A/8552. 

FEATURES: 

• Higher Ratings for Plate-dissipation, Plate-current, and 
Temperature than Its Prototype 

• Controlled for Power Output at Reduced Heater Voltage 

• Controlled to Minimize "burnout". during Periods of Momentary 
Heater Overvoltage 

• RCA "dark .heater" for More Efficient Heat Transfer to the 

Cathode 

ADVANTAGES: 

Higher Power Output is Possible in New or Modified Equipment 
Designs 

85 Watts CW Output 50 Watts CW Output 
(ICAS) at 60 Mc (ICAS) at 175 Mc 

Life Expectancy is Increased when Replacing 6159 or 6159A 
without Modifications in Existing Designs 

Detailed technical Information is given in the attached bulletin. 

April 8, 1964 

THE MOST TRUSTED NAME IN ELECTRONICS 



RCA-61596 
BEAM POWER TUBE 

Controlled Zero-Bias 
Plate Current 

Controlled Power Output 
at Reduced Heater Voltage 

85 Watts CW Output (ICAS) at 60 Mc 
50 Watts CW Output (ICAS) at 175 Mc 

RCA "Dark Heater" with 
21-to 31-volt Range 

3-13/16"Max. Length 
1- 21/32" Max. Diameter 

Octal 8-Pin Base 
Small, Sturdy Structure 

RCA-61596 is a small, 
sturdy, beam power tube having 

high efficiency and high power 

sensitivity for use in aircrafty 

mobile andstationary equipment. 

It is rated as an of power 

amplifier and modulator, a 

linear rf power amplifier, 

and a Class C rf power amplifier 

and oscillator. 

The 61596 features aheater designed to operate 
over a voltage range of 2'# to 29 volts and which 
wi ll take excursions from 21 to 31 volts in battery 
operation. The heater design insures dependable 
performance in mobi le equipment under operating 
conditions during battery charging and discharging. 
See Special Performance Data on page 4 for infor-
mation covering heater overvoltage and under-
voltage operation. 

Controlled zero-bias plate current is offered 
in the 61596 to insure more dependable performance 
as a Class ABl linear rf amplifier for single-
sideband suppressed-carrier service. See Test 
No.3 of Characteristics Range Values. 

Also featured in the design of the 61596 is 
the new RCA "Dark Heater", which functions effi-
ciently at operating temperatures 350° K below 
those of the heaters in conventional tube types. 
The dark surface of the new heater radiates heat 
more efficiently and improves the transfer of 
heat to the cathode so that optimum cathode tem-
perature may be attained with the heater operating 
at approximately .1350° K. 

The low operating temperature of the "Dark 
Heater''results in (1) lower internal stresses in 
the heater wire and smaller thermal change during 
heater warmup, (2) cooler operation of the heater 
which minimizes changes in heater shape and reduces 
the possibility of heater damage and heater shorts, 
(3) extremely stable heater current characteristics 
throughout life r and (4) significant reduction in 
effects of ac heater leakage. 

Small in size for its power-output capability, 
the 61596 has a rugged button-stem construction 
with short internal leads, a T12 bulb 9 triple 
base-pin connections for grid No.3 and cathode 
(both joined to internal shield inside the tube) 

RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Lancaster, Pa. 

to permit effective rf grounding, and an octal 
base with short metal sleeve having its own base-
pin terminal The sleeve shields the input to 
the tube and isolates it from the output circuit 
so completely that no other external shielding is 
required. Separation of input and output circuits 
is accomplished by bringing the plate lead out 
of the bulb to a cap opposite the base. 

The 61-596 is unilaterally interchangeable 
with the 6159 and 6159A. 

GENERAL DATA 
Electrical: 
Heater, for Unipotential Cathode: 

Voltage (AC or DC) 26.5 volts 
Current at 26.5 volts  0.3 amp 
Minimum heating time   60 sec 

See Special Performance Data on page U for heater oper-
ation in stationary equipment and in mobile equipment. 
Transconductance, for plate volts 
= 200, grid-No.2 volts = 200, 
and plate ma. = 100   7000 ~cmhos 

Mu-Factor, Grid No.2 to Grid No.l 
for plate volts = 200, grid-No.2 
volts = 200, and plate ma. = 100 4.5 

Direct Interelectrode Capacitances (Approx.):a

Grid No.l to plate 0  24 max. 

Grid No.l to cathode & grid 
No.3 & internal shield, 
base sleeve, grid No. 2, 
and heater   13 

Plate to cathode & grid No.3 
& internal shield, base 
sleeve, grid No. 2, and 
heater   8.5 

pf 

pf 

pf 

Mechanical: 
Operating Position   Any 

Maximum Overall Length   3-13/16" 

Seated Length  3-1/8" ± 1/8" 
Maximum Diameter   1-21/32" 

Bulb   T12 
Cap.  Small (JEDEC No.Cl-1) 
Base   Small-Wafer Octal 8-Pin with Sleeve 

(JEDEC Group 1, No. BB-150), 
or Small Wafer Octal 8-Pin with External Barriers 

and Sleeve (JEDEC Group 1, No. B8-159) 
Bulb Temperature (At hottest point) 260 max. °C 

Weight (Approx.) 2  3 oz 

AF POWER AMPLIFIER & MODULATOR — Class AB1

CCS ICAS 

Maximum Ratings, Absolute-Maximum-Values: 

DC Plate Voltage. . 

DC Grid-No.2 Voltage. 

Max.-Signal DC b Plate Current . 

Max.-Signal 
b Plate Input . 

Tradem arks) ® Registered 

Marco (s) Registrada(s) 

600 max. 750 max. volts 

250 max. 250 max. volts 

175 max. 220 max. ma 

90 max. 120 max. watts 

61596 4-64 
Printed in U.s. A. 
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ccs 
Max.-Signal 

ICAS 
Max.-Signal DC 

Grid-No.2 Inputb. . 3 max. 3 max. watts Grid-No.l Current 2.7 1.3 ma 

Plate Dissipationb. . 27 max. 35 max. watts Effective Load 

Peak Heater-Cathode 
Voltage: 

Resistance 
(Plate to plate). 3620 5200 ohms ~/ 

Heater negative with 
respect to cathode 135 max. 135 max. volts 

Max.-Signal Driving 
Power (Approx.)f. 0.2 0.7 watt 

Heater positive with 
respect to cathode 135 max. 135 max. volts 

Max.-Signal Power 
Output (Approx.). 100 110 watts 

Typical Operation: Typical ICAS Operation: 
Va hies are for 2 tubes 

DC Plate Voltage. . 600 750 volts Values are for 2 tubes 

DC Grid-No.2 Voltagec. 200 

DC Grid-No.l Voltage: 
200 volts DC Plate Voltage. 750 600 

DC Grid-No.2 Voltagec. 150 200 

volts 
volts 

With fixed-bias DC Grid-No.l Voltage: 
source  -47 

Peak AF Grid-No. 1-toa 
-48 volts From fixed-bias 

source  -47 -39 volts 

Grid-No.l Voltage . 94 

Zero-Signal DC 

96 volts peak AF Grid-No.l.-to-
Grid-No.l Voltage 114 110 volts 

Plate Current . 48 
Max.-Signal DC 

50 ma Zero-Signal DC 
Plate Current 50 40 ma 

Plate Current . 250 
Max.-Signal DC 

250 ma Max.-Signal DC 
Plate Current 328 294 ma 

Grid-No.2 Current 14.8 
Effective Load 

12.6 ma Max.-Signal DC 
Grid-No.2 Current 26 28 ma 

Resistance Max.-Signal DC 
(Plate to plate). 5600 

Max.-Signal Driving 
7200 ohms Grid-No.l Current 3,4 7.6 

Effective Load 

ma 
L/ 

Power (Approx.) . 0 

Max.-Signal Power 
0 watts Resistance 

(Plate to plate). 4160 6050 ohms 
Output (Approx.). . 96 124 watts Max.-Signal Driving 

Power (Approx.)f. 0.2 0.5 watt 
Maximum Circuit Values (CCS or ICAS): 

Grid-No.l-Circuit Resistance 
under Any Condition: 

Max.-Signal Power 
Output (Approx.). 130 148 watts 

With fixed bias   0.1 max. megohm Maximum Circuit Values (CCS or ICAS): 

With cathode bias   Not recommended Grid-No.l-Circuit Resistance:g 

With fixed bias   30,000 max. ohms ~/ 
With cathode bias Not recommended 

AF POWER AMPLIFIER &MODULATOR — Class A62

Maximum Ratings, Absolute-Maximum Values: 

CCS ICAS 

LINEAR RF POWER AMPLIFIER, Class AB A

Single-Sideband Suppressed-Carrier Service 

DC Plate Voltage. . 
DC Grid-No.2 Voltage. 

600 max. 

250 max. 
75U max. 

250 max. 
volts 
volts 

Peak envelope conditions for a signal having 
a minimum. ~ieak-to-average gooier ratio of 2 

Max.-Signal DC b Plate Current . 175 max. 220 max. ma 
CCS ICAS 

Maximum CCS Ratings, Absolute-Maximum Values: 
Max.-Signal b Plate Input . 90 max. 120 max. watts DC Plate Voltage. . 600 max. 750 max. volts 

Max.-Signal DC Grid-No.2 Voltage. 250 max. 250 max. volts 

Grid-No..2 Inputb.  3 max. 3 max. watts DC Plate Current at 

Plate Dissipationb. . 27 max. 35 max. watts Peak of Envelope . 175 max. 220 max. ma 

Peak Heater-Cathode Plate Dissipation . 27 max. 35 max. watts 

Voltage: Grid-No.2 Dissipation 3 max. 3 max. watts 

Heater negative with Peak Heater-Cathode 
respect to cathode 135 max. 135 max. volts Voltage: 

Heater positive with Heater negative with 
respect to cathode 135 max. 135 max.. volts respect to cathode 135 max. 135 max. volts 

Heater positive with 
Typical CCS Operation: respect to cathode 135 max. 135 max. volts 

Values are for 2 tubes 

DC Plate Voltage. . 500 600 volts 
Typical Operation with "Two-Tone Modulation": 

DC Grid-No.2 Voltage. 200 200 volts At 30 Mc 

DC Grid-No.l Voltage: DC Plate Voltage. . 600 750 volts 

From a fixed-bias DC Grid-No.2 Voltageh. 200 200 volts 

source -46 - 48 volts ~ Grid-No.l Voltageh. - 47 -48 volts 

Peak AF Grid-No_1-to- Zero-Signal DC 
Grid-No.l Voltage 108 106 volts Plate Current . 24 25 ma 

Zero-Signal DC Effective RF Load 
Plate Current . 50 40 ma Resistance 2800 3600 ohms 

Max.-Signal DC DC Plate Current at 
Plate Current . 308 270 ma Peak of Envelope. 125 125 ma 

Max.-Signal DC Average DC Plate 
Grid-No.2 Current 26 27 ma Current  86 86 ma 
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CCS ICAS CCS ICAS 
DC Grid-No.2 Current Plate Input 90 max. 120 max. watts 

at Peak of Envelope. 7.4 6.3 ma Grid-No.2 Input 3 max_ 3 max. watts 
~~ Average DC Grid-No.2 Plate Dissipation 27 max. 35 max. watts 

Current   5.0 3.9 ma 
Peak Heater-Cathode 

Distortion Products Voltage: 
Level: I 

Heater negative with 
Third order 24 26 db respect to cathode 135 max. 135 max. volts 
Fifth order 30 31 db Heater positive with 

Useful Power Output respect to cathode 135 max. 135 max. volts 
(Approx.): 

Average   24.5 30.5 watts Typical Operation as Ampl ifier up to 60 Mc: 

Peak envelope 49 61 watts DC Plate Voltage. 600 750 volts 

DC Grid-No.2 Voltagel. 200 200 volts 
Maximum Circuit Values: 

DC Grid-No.l Voltagem. -70 -77 volts 
Grid-No.l Circuit Resistance From a grid-No.l 

under Any Condition: resistor of 24,000 28,000 ohms 
With fixed bias   30,000 max. ohms Peak RF Grid-No.l 

Voltage   90 95 volts 

PLATE• MODULATED RF POWER AMPLIFIER -
Class C Telephony 

DC Plate Current. 150 

DC Grid-No.2 Current. 10 

DC Grid-No.l Current 

160 ma 

10 ma 

Carrier conditions qer tube for use with a max. (Approx.) .. 2.8 2.7 ma 

modulation factor of I.O; at frequencies u~ to 60 Mc Driving Power 

CCS ICAS 
(Approx.)   0.3 0.3 watt 

~`"\ 
Maximum Ratings, Absolute-Maximum Values: 

Power Output 
(Approx.)   63 85 watts 

DC Plate Voltage. 480 max. 

DC Grid-No.2 Voltage. 250 max. 

DC Grid-No.l Voltage. -150 max. 

600 max. volts 

250 max. volts 

-150 max. volts 

Typical Operation as Ampl ifier at 175 

DC Plate Voltage. 320 

Mc: 

400 435 volts 

DC Plate Current. 145 max. 180 max. ma DC Grid-No.2 Voltagel , 210 220 230 volts 

DC Grid-No.l Current. 3.5 max. 4.0 max. ma DC Grid-No.lVoltagem. -52 -55 - 56 volts 

Plate Input   60 max. 85 max. watts From a grid 
resistor of 26,000 30,000 24,000 ohms 

Grid-No.2 Input 2 max. 2 max, watts 
Peak RF Grid-No.l 

~~ Plate Dissipation 18 max. 23 max. watts Voltage   65 67 73 volts 
Peak Heater-Cathode DC Plate Current. 170 180 210 ma 

Voltage: DC Grid-No.2 Current. 12 12 11 ma 
Heater negative with 

respect to cathode 135 max. 135 max. volts DC Grid-No.l Current 
(Approx.)   2 1.9 2.3 ma 

Heater positive with 
respect to cathode 135 max. 135 max. volts Driving Power 

(Approx.)   2 2 3 watts 

Typical Operation: 

DC Plate Voltage. 475 600 volts 

Power Output 
(Approx.)   29 40 50 watts 

DC Grid-No. 2 Voltagel . 165 175 volts Maximum Circuit Values (CCS or ICAS): 

DC Grid-No.l Voltagek. -86 -92 volts Grid-No.l-Circuit Resistancen 30,000 max. ohms 
From a grid 
resistor of 26,000 27 , 000 ohms 

Peak RF Grid-No.l 
Voltage   106 114 volts 

CHARACTERISTICS RANGE VALUES 
DC Plate Current. 125 140 ma Note Min. Max. 
DC Grid-No.2 Current. 8.5 9.5 ma 

1. Direct Interelectrode 
DC Grid-No.l Current Capacitances: 
(Approx.)   3.3 3.4 ma Grid No.l to plate . 1 0.24 pf 

Driving Power 
(Approx.)   0.4 

Power Output 
(Approx.)   42 

0.5 watt 

62 watts 

Grid No.l to cathode & 
grid No.3 & internal 
shield, base sleeve, 
grid No. 2, and heater. 1 12.0 15.0 pf 

Plate to cathode & grid 
Maximum Circuit Values (CCS or ICAS): 

Grid-No.l-Circuit Resistancen 30,000 max. ohms 
No.3 & internal shield, 
base sleeve, grid No. 2, 
and heater   1 7.3 9. 5 pf 

2. Plate Current.   2 46 94 ma 
RF POWER AMPLIFIER & OSC. - Class C Telegraphy 

3. Zero-Bias Plate Current. . 3 330 ma 
and 4. Grid-No.2 Current  2 5. 5 ma 

RF POWER AMPLIFIER - Class C FM Telephony 
Note 1: With no external shield. 

rte'\ 
CCS ICAS 

Maximum Ratings, Absolute-Maximum Values up to 60 Mc: 
Note 2: With heater voltage of 26.5 volts, do plate 

voltage of 400 volts, do grid-No.2 voltage of 

DC Plate Voltage. 600 max. 750 max. volts 200 volts, and do grid-No.l voltage of -34 volts. 

DC Grid-No.2 Voltage. 250 max. 250 max. volts Note 3: With heater voltage of 26.5 volts, do plate 

DC Grid-No.l Voltage. -150 max. -150 max. volts 
voltage of 100 volts, do grid-No.2 voltage of 
200 volts, and do grid-No. 1 voltage of -100 volts. 

DC Plate Current. 175 max. 220 max. ma Grid No.l is square-wave pulsed at 1000 kc to 
DC Grid-No.l Current. 3.5 max. 4.0 max. ma zero volts. Limit value is peak-pulse current. 
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SPECIAL PERFORMANCE DATA ON HEATER OPERATION 

Stationary Equipment Operation: 

Heater, for Unipotential 

Cathode: 

Voltage (AC or DC)a. 
Current at 26.5 volts 

Useful Power Outputb . 

Design 
Min. Center Max. 

26.5 
0.28 - 0.32 
59 

volts 
amp 

watts 

a It is recommended that the design-center heater voltage 
be 26.5 volts; the heater power supply should not 
fluctuate more than 10% to insure long l ife. 

b In a single-tube, self-excited oscil lator circuit, 
and with ac heater voltage of 26.5 volts, do plate 
voltage of 600 volts, do grid-No.2 voltage of 200 
volts, grid-No.l resistor of 24,000 ± 10% ohms, do 
plate current of 150 max. ma., do grid-No.l current 
of 2.5 to 3 ma., and frequency of 15 Mc. 

Mobile Equipment Operation: 
Design 

Min. Range Max. 

Neater, for Unipotential 
Cathode: 

Voltage (AC or DC)a. - 24 to 29 -

Current at 26.5 volts 0.28 - 0.32 

Useful Power Output Ib. 59 -

Useful Power Output II. See Note c 

volts 
amp 

watts 

Overvoltage Heater Life Tests: 

Continuous heater l ife tests are performed periodically 
on sample lots of tubes with 31 volts on the heater, all 
other electrodes "floating". Intermittent heater l ife 
tests are performed periodically on sample lots of tubes 
with 43 volts on the heater, a cycle of 1 minute "ON" 
and 4minutes "OFF". After 1000 hours of the continuous 
heater l ife test and after 48 hours of the intermittent 
heater l ife test, the following tests are performed: 

With heater voltage of 26.5 volts and ± 100 do volts 
between cathode and heater, theheater-cathode leakage 
current will not exceed 150 microamperes. 

With ac or do heater voltage of 26.5 volts, grid-
No.l volts = -200 and cathode, grid No. 2, and plate 
grounded, the minimum grid-No.l leakage resistance 
will be 10 megohms. 

With ac or do heater voltage of 26.5 volts, plate 
volts = -200, and cathode, grid No. 1, and grid No.2 
grounded, the minimum plate leakage resistance will 
be 10 megohms. 

a 

b 

C 

It is recommended that the heater voltage operate 
within the range of 24 to 29 volts and within 
excursions from 21 to 31 volts in battery operation. 
See Useful Power OutqutTest ZI and Overvoltage Tests. 

In a single-tube, self-excited osci llator circuit, 
and with ac heater voltage of 26.5 volts, do plate 
voltage of 600 volts, do grid-No.2 voltage of 200 
volts, grid-No.i resistor of 24,000 ± 10% ohms, do 
plate current of 150 max. ma., do grid-No.l current 
of 2.5 to 3 ma., and frequency of 15 Mc. 

With conditions in note b above, reduce heater voltage 
to 21 volts. Useful power output will be at least 90% 
of the power output at heater voltage of 26.5 volts. 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 
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3 With no external shield. 
b Averaged over any audio-frequency cycle of sine-wave 

form. 

~ Obtained preferably from a separate source or from 
the plate voltage supply with a voltage divider. 

d The driver stage should be capable of supplying the 
No.l grids of the class AB1 stage with the specified 
driving voltage at low distortion. 

e The type of input coupling network used should not 
introduce too much resistance in the grid-No.l cir-
cuit. Transformer or impedance coupling devices are 
recommended. 

f Driver stage should be capable of supplying the 
specified driving power at low distortion to the 
No.l grids of the AB2 stage. 

g To minimize distortion, the effective resistance per 
grid-No.l circuit of the AB2 stage should be held at 
a low value. For this purpose the use of transformer 
coupling is recommended. In no case, however, should 
the total do grid-No.l-circuit resistance exceed 
30,000 ohms when the tube is operated at maximum 
ratings. For operation at less than maximum ratings, 
the do grid-No.l-circuit resistance may be as high 
as 100,000 ohms. 

k Obtained from grid-No.l resistor or from a combina-
tion of grid-No.l resistor with either fixed supply 
or cathode resistor. 

h Obtained preferably from a separate, well-regulated 
source. 

I Referenced to either of the two tones and without the 
use of feedback to enhance linearity. 

~ Obtained preferably from a separate source modulated 
with the plate supply, or from the modulated plate 
supply through a series resistor. 

~ Obtained preferably from seperate source, or from 
the plate-supply voltage with a voltage divider, or 
through a series resistor. A series grid-No.2 resistor 
should be used only when the tube is used in a circuit 
which is not keyed. Grid-No.2 voltage must not exceed 
435 volts under key-up conditions. 

m Obtained from fixed supply, by grid-No.l resistor, by 
cathode resistor, or y combination methods. 

n 
When grid No.l is driven positive and the tube is 
operated at maximua7 ratings, the total do grid-No.l-
circuit resistance should not exceed the specified 
value of 30,000 ohms. If this value is insufficient 
to provide adequate bias, the additional required 
bias must be supplied by a cathode resistor or fixed 
supply. For opperation at less than maximum ratings, 
the do grid-No.l-circuit resistance may be as high as 
100,000 ohms. 

DEFINITIONS 

ABI - The subscript 1 indicates that grid-No.l current 
does not flow during any part of the input cycle. 

A62 - The subscript 2 indicates that grid-No.l current 
flows during some part of the input cycle. 

CCS - Continuous Commercial Service. 

ICAS - Intermittent Commercial and Amateur Service. 
Ratings System - The maximu~ ratings in the tabulated 
data are established in accordance with the following 
definition of the Absolute-Maximum. Rating System for 
rating electron devices. 

Absolute-Maximum ratings are limiting values of opera-
ting and environmental conditions applicable to any 
electron device of a specified type as defined by its 
published data, and should not be exceeded under the 
worst probable conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no 
responsibility for ..equipment variations, environment 

variations, and effects of changes in operating condi-
tions due to variations in device characteristics. 

The equipment manufacturer should design so that ini-
tially and throughout life no absolute-maximum value 
for the intended service is exceeded with any device 
under the worst probable operating conditions with 
respect to supply-voltage variation, equipment component 
variation, equipment control ad~ustment, load variation, 
signal variation, environmental conditions, and varia-
tion in device characteristics. 

Two-TOne MOdUlatl0fl - Two-Tone Modulation operation 
refers to that class of amplifier service in which the 
input consists of two monofrequency rf signals having 
equal peak amplitude. 

MAXIMUM RATINGS vs. OPERATING FREQUENCY 

In Class C Telegraphy Service 
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GENERAL CONSIDERATIONS 

Temperature 

The maximum bulb temperature of 260° C is a tube 
rating and is to be observed in the same manner 
as other ratings. The temperature may be measured 
with temperature-sensitive paint, such as Tempilaq. 
The latter is made by the Tempil Corporation, 
132 W. 22nd Street, New York 11, N.Y. 

TYPICAL PLATE CHARACTERISTICS 
E {=26.5 VOLTS 
GRID-NQ 2 VOLTS = 200 
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To insure adequate cooling it is essential that 
free circulation of air be provided around the tube. 
In most cases, no additional air is required. 

Plate Color 

The plate shows no color when the 61596 is 
operated at full ratings under either (~S or ICAS 
conditions. 

MECHANICAL CONSIDERATIONS 

Plate Circuit 

Heavy leads and conductors together with 
suitable insulation should be used in all parts of 
the rf plate tank circuit so that losses due to rf 
voltages and currents may be kept at a minimum. 
At the higher frequencies, it is essential that 
short, heavy leads be used for circuit connections 
in order to minimize lead inductance and losses. 

TYPICAL CHARACTERISTICS 
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Connections to the plate should be made with 
a flexible lead to prevent any strain on the seal 
at the cap. 

ELECTRICAL CONSIDERATIONS 

Plate and Grid No.2 
When anew circuit is tried or when adjustments 

are made, it is advisable to reduce the plate 
voltage and grid-No.2 voltage. If the 61596 is 
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 61596 

operated at maximum ratings and grid-No.2 voltage 
is obtained through a series dropping resistor, the 

~~ use of a 2500-ohm protective resistor in the high-
voltage supply lead is recommended. When a separate 
grid-No.2 voltage supply is used, a 101000-ohm 
protective resistor should be connected in the 
grid-No.2 supply lead. 

The plate voltage should be applied before or 
simultaneously with the grid-No.2 voltage; other-

^~ 

~'< 

TYPICAL PLATE CHARACTERISTICS 
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wise, with voltage on grid No.2 only, its current 
may be large enough to cause excessive grid-No.2 
dissipation. A dcmilliammetershould be used in 
the grid-No.2 circuit so that its current may be 

measured and the do power input determined. 

The grid-No.2 current is a very sensitive 
indication of plate-circuit loading and grid-No.2 
current rises excessively (often to the point of 
damaging the tube) when the amplifier is operated 
without load. Therefore, care should be taken when 

tuning a 61596 under no-load conditions in order 
to prevent exceeding the grid-No.2 input rating 
of the tube. 

Driver 
The driver stage for the 61596 in either class 

C telephony or telegraphy service should have con-
siderably more output capability than the typical 
driving power shown in the tabulated data in order 
to permit considerable range of adjustment, and 

TYPICAL CHARACTERISTICS 
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also to provide for losses in the grid-No.l circuit 
and the coupling circuits. This recommendation is 
particularly important near the maximum-rated fre-
quency where there are other losses of driving 

power, such as circuit losses, radiation losses, 
and transit-time losses. 

Efficiency 
Highest operating efficiencyin high-frequency 

service, and therefore maximum power output, will 
be obtained when the 61596 is operated under load 
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61598 i

conditions such that the maximum rated plate cur-
rent flows at the plate voltage which will give 
maximum rated input. 

Class C Telephony 

In plate-modulated class C amplifier service, 
the 6159B can be modulated 100 per cent. The 
grid-No.2 voltage must be modulated simultaneously 
with the plate voltage so that the ratio of grid-
No.2 voltage to plate voltage remains constant. 
Modulation of the grid-No.2 voltage can be accom-
plished either by connecting grid No.2 through a 
separate winding on the modulation transformer to 
the fixed grid-No.2 voltage supply, or by connecting 
grid No.2 through an audio-frequency choke of suit-
able impedance for low audio frequencies to the 
fixed grid-No.2 supply voltage. The supply end of 
the choke should be well bypassed to ground. 

Circuit Arrangements 

Push-pull or parallel circuit arrangements can 
be used when more radio-frequency power is required 
than can be obtained from a single 6159B. Two 
6159B's in parallel or push-pull will give approx-
imately twice the power output of one tube. The 
parallel connection requires no increase in exciting 
voltage necessary to drive a single tube. 

With either connection, the driving power re-
quired is approximately twice that for a single 
tube. The push-pull arrangement has the advantage 
of simplifying the balancing of high-frequency 
circuits. 

When two or more tubes are used in the circuit, 
precautions should be taken to insure that each 
tube draws the same plate current. 

Standby Operation 

During standby periods in intermittent opera-
tion9 the heater voltage may be maintained at nor-
mal operating value for most applications. 

DIMENSIONAL OUTLINE 

CAP 
JEDEC No. CI-I 

BULB 
TIZ 

BASE 
JEDEC GROUPI 

No. 88-150 
OR 

No. B8-159 

116 
MAX. 

DIA. 

f --I 
32 MAx.—s 

olA. 
DIMENSIONS IN INCHES 

3~ 

13 
3 61
MAX. 

92CS-12249R1 

In those applications which require maximum 
reliability, it is recommended that the heater 
voltage be maintained at normal operating value 
when the period is less than 15 minutes; that it 
be reduced to 80 per cent of normal when the period 
is between 15 minutes and 2 hours; and that for 
longer periodsy the heater voltage should be 
turned off. 

Protective Devices 

Protective devices should be used to protect 
not only the plate but also grid No.2 against 
overload. In order to prevent excessive plate 
current flow and resultant overheating of the tube9
the common ground lead of the plate circuit should 
be connected in series with the coil of an instan-
taneous overload relay> This relay should be 
adjusted to remove the do plate and grid-No.2 
voltage when the average value of plate current 
reaches a value slightly higher than normal plate 
current. A protective device in the grid-No.2 
supply should remove the grid-No.2 voltage when 
the do grid-No.2 current reaches a value slightly 
higher than normal. 

Precautions 

The rated plate and grid-No.2 voltages of this 
tube are extremely dangerous. Great care should 
be taken during the adjustment of circuits. The 
tube and its associated apparatus9 especially all 
parts which may be at high potential above ground9
should be housed in a protective enclosure. The 
protective housing should be designed with inter-
locks so that personnel can not possibly come in 
contact with any high-potential point in the 
electrical system. The interlock devices should 
function to break the primary circuit of the high-
voltage supplies when any gate or door on the 
protective housing is opened, and should prevent 
the closing of the primary circuit until the door 
is again locked. 

TERMINAL CONNECTIONS 
Bottom View 

2 

G3,K 
IS 

G3,K 
IS 

7CK 

PIN 1: CATHODE, GRID No. 3, 
INTERNAL SHIELD 

PIN 2; HEATER 

PIN 3: GRID No.2 
PIN 4: SAME AS PIN 1 

G 

Gg,K 
IS 

BC 

PIN 5: 

PIN 6: 

PIN 7; 

PIN B: 

CAP: 

GRID No.1 
SAME AS PIN 
HEATER 

BASE SLEEVE 
PLATE 

1 



RADIO CORPORATION OF AMERICA 

INCA INTERNATH®NAL DIVHSION 

LICEN®EE ®Ei3V10E 

January 21, 1960 

RCA-6166-A BEAM POWER TUBE 
With Ceramic-Metal Construction 

Gentlemen: 

We are pleased to announce the new RCA-6166-A -- an air-cooled 
beam power tube featuring ceramic-metal construction. The 6166-A is in-
tended for service in television and CW applications and is unilaterally in-
terchangeable with the 6166. 

Because of its ceramic-metal construction, the 6166-A has somewhat 
higher maximum plate-voltage ratings than the 6166, and can be operated 
with full plate voltages and full plate input at frequencies up to 220 Mc. 

The coaxial structure of the 6166-A is intended'for use with circuits 
of the coaxial-cylinder type. Its structural design provides low-inductance, 
large area, rf electrode terminals for insertion into the cylinders. An 
efficient external radiator provides for plate cooling by means of forced air. 

A technical bulletin giving ratings, characteristics, typical operating 
conditions, dimensions, and operating considerations for the 6166-A is in 
preparation. 

Very truly yours, 

R. F. SIMOKAT 
Licensee Service 

RFS:vs 



6166-A/7007 
BEAM POWER TUBE 

Ceramic-Metal Seals 
Thoriated-Tungsten Fi lament 
Coaxial Electrode Structure 

For Use with Full Ratings Up to 220 Mc 
Forced-Air Cooled 

12 Kw Plate Dissipation 

1 1.50" Max. Length 
6.38" Max. Diameter 

Integral Radiator 

RCA-6166-A/7007 is a forced-air cooled beam 

power tube designed for vhf 

and cw appl ications. It has 

C{IION 
Qra7dBE 
~ .- i ~~ j I 

~ ~ . 

The 6166-A/7007 can del iver a synchronizing-

service in television level power output of 14 ki lowatts in broad-band 

a maximumplatedissi- television service at 216 Mc; a carrier power 

output of 6 ki lowatts in plate-modulated telephony 

service using conventional grid-drive circuits 

operating at 60 Mc; and a power output of 12 

ki lowatts in class C telegraphy service using 

grid-drive circuits operating at 216 Mc. 

pation of 12 ki lowatts in cw and television ser-

vice, and can be used with ful l ratings up to 

220 megacycles per second. 

The 6166-A/7007 features a coaxial-electrode 

structure, which provides low-inductance, large 

area, rf electrode terminals. The respective 

e lectrode terminals are insulated from each other 

by low-loss ceramic bushings. This coaxial 

structure with its ring-type ceramic-metal seals 

having graduated diameters makes the 6166-A/7007 

particularly useful in coaxial-cyl inder cavity 

circuits. An efficient external radiator provides 

for plate cool ing by means of forced air. 

GENERAL DATA 
Electrical: 
Filament, Multistrand Thoriated Tungsten: 

Voltage, (AC or DC)*  5.0 t 5~ volts 
Current at 5 volts  181 amperes 
Minimum heating time  15 seconds 
Cold resistance 0  0038 ohm 

Mu—Factor, Grid No.2 to Grid No.i 
for plate volts = 2000, grid—No.2 
volts = 1000, and plate amp. 2  SO 

Direct Interelectrode Capacitances: 
Grid No.i to plate"'  0.6 max. µµf 

Grid No.l to filament   u2 µµf 

Plate to filament"` 0  08 max. µµf 
Grid No.l to grid No  2   60 µµf 
Grid No.2 to plate  2u µµf 

Mechanical: 
Operating Position 
Maximum Overall Length 
Maximum Diameter 
Terminal Connections  See Dimensional Outline 
Radiator  Integral part of tube 
Air Flow: 
Through Radiator—The specified flow of incoming air at 
a temperature of u5o C for various plate dissipations, 
as indicated in the tabulation below, should be deliver-
ed by a blower through the radiator before and during 
the application of any voltages. The air should enter 
the radiator at its plate-terminal end (see Dimensional 
Outline). Filament power, plate power, grid-No.2 power, 
and air flow may be removed simultaneously. 
Percentage of max. 

rated plate dissi-
pation for each 
class of service. 100 83 67 50 per cent 

Minimum air flow. 550 350 230 175 cfm 

Static pressure 6.6 3 1.6 1.0 in. of water 

To Grid-Ro.2 Terminal   50 min. cfm 
To Grid-Ao.l Terminal 
and Filament Terminals  50 min. cfm 

Incoming—Air Temperature  50 max. oC 
Radiator Temperature (Measured on the 
core at end away from incoming air) 180 max. °C 

Terminal Temperature: 
Filament, grid No.i, grid No. 2, 
and plate  

Vertical, filament end up or down 
11.50' 
6.38• 

180 max. °C 
Weight (Approx  )   15 pounds 

Trademarks) Q Registered 
Marcds) Rag islradels) 

ELECTRON TUBE DIVISION 
RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY 

6166—A/7007 9-60 
Printed in U.S.A. 



RF POWER AMPLIFIER - Class B Television Service 
Synchronizing-level conditions ¢er tube 

unless otherwise s¢ecified 
(Voltages are referred to cathode unless otherwise s¢ecified) 

Maximum CCS~ Ratings, Absolute-Maximum Values:+
U¢ to 220 Mc 

DC PLATE VOLTAGE   7500 max. volts 

DC GRID-N0.2 VOLTAGE   2000 max. volts 

DC PLATE CURRENT   u max. amp 

PLATE INPUT  24000 max. watts 

GRID-N0.2 INPUT  400 max. watts 

PLATE DISSIPATION  12000 max. watts 

GRID-N0.1 DISSIPATION  300 max. watts 

Typical Operation in Grid-Drive Circuit at 216 Mc: 

Bandwidth of 8.5 Mc 

DC Plate Voltage   5600 volts 

DC Grid-No.2 Voltage   1200 volts 

DC Grid-No.i Voltage   -130 volts 

Peak RF Grid-No.1 Voltage; 

Synchronizing level  375 volts 

Pedestal level   290 volts 

DC Plate Current: 
Synchronizing level   3.45 emp 

Pedestal level   2.60 amp 

OC Grid-No.2 Current (Pedestal Level). 0.207 amp 

DC Grid-No.l Current (Approx.): 
Synchronizing level   0.175 amp 

Pedestal level   0.085 amp 

Driver Power output (Approx.):~ 

Synchronizing level  800 watts 

Pedestal level   450 watts 

Useful Power Output (Approx.): 
Synchronizing level  12000 watts 

Pedestal level   6800 watts 

Typical Operation in Cathode-Drive Circuit at 216 Mc: 

Bandwidth~of8.5 Mc 

DC Plate-to-Grid-No.i Voltage  6400 

DC Grid-No.2-to-Grid-No.i' Voltage  800 

DC Cathode-Lo-Grid-No.i Voltage  90 

Peak RF Cathode-to-Grid-No.i Voltage: 
Synchronizing level  360 

Pedestal level   285 

DC Plate Current: 

Synchronizing level   3.65 

Pedestal level   2.75 

DC Grid-No.2 Current (Pedestal Level). 0.175 

DC Grid-No.i Current (Approx.): 
Synchronizing level  0.240 

Pedestal level   0.160 

Driver Power Output (Approx.):~' 
Synchronizing level  1500~~ 

Pedestal level   850 

Useful Power Output (Approx.): 
Synchronizing level  14000 

Pedestal level   7900 

volts 
volts 

volts 

volts 
volts 

amp 

amp 
amp 

amp 

~P 

watts 
watts 

watts 
watts 

GRID-MODULATED RF POWER AMPLIFIER -
Class C Television Service 

Synchronizing-level conditions ¢er tube unless otherwise s¢ecified 

Maximum CCS~ Ratings, Absolute-Maximum Values:+ 

U¢ to 220 Mc 

DC PLATE VOLTAGE   7500 max. volts 

DC GRID-No.2 VOLTAGE   2000 max. volts 
DC GRID-No.l VQLTAGE 
(White level)  -1000 max, volts 

DC PLATE CURRENT   4 max. amp 

PLATE INPUT  24000 max. watts 

GRID-No.2 INPUT  400 max. watts 
PLATE DISSIPATION  12000 max. watts 

GRID-No.l DISSIPATION  300 max. watts 

Typical Operation in Grid-Drive Circuit at 216 Mc: 

Bandwidth of8.5 Mc 

DC Plate Voltage   5800 volts 

DC Grid-No.2 Voltage   1200 volts 

DC Grid-No.i Voltage: 

Synchronizing level  -130 volts 

Pedestal level   -195 volts 

White level  -350 volts 

Peak RF Grid-No.i Voltage  375 volts 

DC Plate Current: 
Synchronizing level   3.45 amp 

Pedestal level   2.42 amp 

DC Grid-No.2 Current (Pedestal level). 0.148 amp 

DC Grid-No.i Current (Approx.): 
Synchronizing level 0  175 amp 

Pedestal level 0  095 amp 

Driver Power Output (Approx.):'~' 
Synchronizing level  800` watts 

Pedestal level   u25 watts 

Useful Power Output (Approx.): 

Synchronizing level   12000 watts 

Pedestal level   6800 watts 

LINEAR RF POWER AMPLIFIER 
Single-Sideband Suppressed-Carrier Service 

Maximum CCS~ Ratings, Absolute-Maximum Values:+

U¢ to 220 Mc 

DC PLATE VOLTAGE 
DC GRID-N o.2 VOLTAGE 

MAX.-SIGNAL DC PLATE CURRENT 

MAX.-SIGNAL DC GRID-No.l CURRENT 

MAX.-SIGNAL PLATE INPUT 

MAX.-SIGNAL GRID-No.2 INPUT 

PLATE DISSIPATION 

7500 max. 

2000 max. 

2.8 max. 

0.6 max. 

20000 max. 

400 max. 

12000 max. 

volts 
volts 

amp 

amp 

watts 

watts 
watts 

Typical CCS Class A82 "Single-Tone" Operation at 60 Mc:T 

DC Plate Voltage  

DC Grid-No.2 Voltage  

DC Grid-No.l Voltagef 

Zero-Signal DC Plate Current . 

Zero-Signal DC Grid-No.2 Current 

Effective RF Load Resistance . 

Max.-Signal DC Plate Current . 

Max.-Signal DC Grid-No.2 Current 

Max.-Signal DC Grid-No.i Current 

Max.-Signal Peak RF 
Grid-No.l Voltage 

Max.-Signal Driving Power (Approx.) 

Max.-Signal Power Output (Approx.). 

7000 volts 

1200 volts 

-125 volts 

0.200 amp 

0 amp 

1350 ohms 

2.750 amp 

0.260 amp 

0.080 amp 

305 volts 

25 watts 

12000 watts 

PLATE-MODULATED RF POWER AMP. - Class C Telephony 
Carrier conditions ¢er tube for use with 

a maximum modulation factor of 1.0 

Maximum CCS~ Ratings, Absolute-Maximum Values:+
U¢ to 220 Mc 

5500 max. volts 

2000 max, volts 

-1000 max, volts 
2 max, amp 

0.6 max. amp 

10000 max. watts 

270 max. watts 

8000 max. watts 

DC PLATE VOLTAGE 
DC GRID-N o.2 VOLTAGE 

DC GRID-No.l VOLTAGE 
DC PLATE CURRENT  
DC GRID-No.i CURRENT 

PLATE INPUT 
GRID-No.2 INPUT 
PLATE DISSIPATION 

Typical Operation in Grid-Drive Circuit: 

DC Plate Voltage  
DC Grid-No.2 Voltage (Modulated 100%)l 
DC Grid-No.l Voltage* 

At 80 Mc 

4aoo volts 
800 volts 

-300 volts 

-2-



Peak RF Grid-No.l Vo1'tage 
DC Plate Current  
DC Grid-No.2 Current  
DC Grid-No.i Current (Approx. 

Driver Power Output (Approx.) 

Useful Power Output (Approx  ) 

550 volts 

1.8 amp 

0. 160 amp 
0.180 amp 

125u watts 

6000 watts 

RF POWER AMPLIFIER 6 OSC. — Class C Telegraphy°
and 

RF POWER AMPLIFIER — Class C FM Telephony 

Maximum CCS~ Ratings, Absolute-Maximum Values:+
Dfl to 220 Mc 

DC PLATE VOLTAGE   7500 max. volts 

DC GRID-No.2 VOLTAGE   2000 max, volts 

DC GRID-No.1 VOLTAGE   -1000 max. volts 

DC PLATE CURRENT 
DC GRID-No.l CURRENT 
PLATE INPUT 
GRID-No.2 INPUT 

PLATE DISSIPATION 

3.0 max. 

0.6 max. 

20000 max. 

400 max. 

12000 max. 

amp 
amp 

watts 
watts 

watts 

Typical Operation in Grid-Drive Circuit: 

A t BO Mc A t 216 Mc 

DC Plate Voltage   6600 7000 volts 

DC Grid-No.2 Voltage~   1200 1200 volts 

DC Grid-No.l Voltagev   -310 -310 volts 

Peak RF Grid-No.l Voltage  560 560 volts 

DC Plate Current   2.75 2.75 amp 

DC Grid-No.2 Current   0.300 0.300 amp 

DC Grid-No.l Current (Approx. 0.140 0.140 amp 

Driver Power Output (Approx.) 95 N 750 watts 

Useful Power Output (Approx  )   12000 10000 watts 

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 
Note Min. Max. 

Filament Current   1 172 190 amp 
Direct Interelectrode Capacitances: 

Grid No.i to plate   2 
Grid No.l to filament  3 
Grid No.i to grid No.2   3 
Grid No.2 to plate   3 
Plate to filament  2 

DC Grid-No.i Voltage   1,4 
Peak Grid-No.i Current 1  5 
Peak Grid-No.l Voltage 1  5 

- 0.60 
39 u7 
52 64 

21.2 25.8 
- 0.08 
- -225 
- 1.5 

- 315 

µµf 
µµf 
µµf 
µµf 
µµf 

volts 
amp 

volts 

Note 1: With 5.0 volts ac or do on filament. 

Note 2: With external flat metal shield 12" square having 
center hole 4-5/16" diameter. Shield is located 
in plane of the grid-No.2 terminal, perpendicular 
to the tube axis, and is connected to grid No.2. 
All other electrodes are grounded. 

Note 3: Without shield and all other electrodes grounded. 

Note 4: With do plate voltage of 6000 volts, do grid-No.2 
voltage of 1200 volts, and do plate current of 20 ma. 

Note 5: With do plate voltage of 1500 volts, do grid-No.2 
voltage of 1200 volts, and instantaneous grid-
No.l voltage adjusted to give peak plate current 
of I1 amp. 

a~ 

• 

Full rated filament voltage can be appl ied safely to 
the cold filament. I t is not necessary to provide 
means for limiting the fi lament starting current. 

With external flat metal shield 12" square having 
center hole 4-5/16" diameter. Shield Is located In 
plane of the grid-No.2 terminal, perpendicular to the 
tube axis, and is connected to grid No.2. 

Continuous Commercial Service. 

The maximum ratingsin thetabulated data are establ ished 
in accordance wi th the following definition of theAbso-
lute-Maximum Rating System for rating electron devices. 

u 

N 

u 

N 

Absolute-Maximum ratings are l imi ting values of opera-
ting and environmental condi tions appl icable to any 
electron device of a specified type as defined by its 
published data, and should not be exceeded under the 
worst probable conditions. 
The device manufacturer chooses these values to provide 
acceptable serviceabi l i ty of the device, taking no 
responsibili ty for equipment variations, environment 
variations, and the effects of changes in operating 
conditions due to variations in device characteristics. 
The equipment manufacturer should design so that 
initially and throughout l ife no absolute-maximum 
value for the intended service is exceeded wi th any 
device under the worst probable operating conditions 
with respect to supply-voltage variation, equipment 
component variation, equipment control adjustment, 
load variat ion, signal variation, environmental 
condi tions, and variations in device characteristics. 

Computed between half-power points and based on tube 
output capaci tance only. 

The driver stage is required to supply tube losses 
and rf circui t losses. The driver stage should be 
designed to provide an excess of power above the 
indicated value to take care of variations in l ine-
voltages, in components, in initial tube characteristics, 
and in tube characteristics during l ife. 

This value includes 700 watts of rf circuit loss at 
216 Mc. 

The driver stage is required to supply tube losses, 
rf circuit losses, and rf power added to plate cir-
cuit. (Tr)edriver stage should be designed as indicated 
under ••

This value includes 470 watts of rf circui t loss at 
216 Mc and 1030 watts added to plate circuit. 

"Single-Tone Modulation^ operation refers to that class 
of ampl i fier service in which the grid-No.i input 
consists of a monofrequency rf signal having constant 
ampl itude. This signal is produced in a single-sideband 
suppressed-carrier system when asingle audio frequency 
of constant ampl i tude i s appl ied to the input of 
the system. 

Adjusted to give indicated zero-signal plate current. 

Obtained preferably from a separate source. 

Obtained preferably from a combination of 
grid-No.l resistor and -170-volt fixed bias. 

This value includes 25 watts of rf circuit loss. 

Key-down condi tions per tube wi thout ampl i tude 
modulation. Modulation essentially negative may be 
used if the positive peak of the audio-frequency envelope 
does not exceed 115% of the carrier conditions. 

Obtained preferably from a separate source, or from 
the plate-supply voltage wi th a voltage divider, or 
througha series resistor. A series grid-No.2 resistor 
should not be used if the 6166-A/7007 or a preceding stage 
is keyed. In this case, the regulation of the source 
should be sufficient to prevent the grid-No.2 voltage 
from rising above 2000 volts under key-up conditions; 
and additional fixed grid-No.i bias must be provided 
to l imi t the plate current. 

Obtained from fixed supply, by grid-No.i resistor, by 
cathode resistor, or by combination methods. 

This value includes 675 watts of rf circuit loss. 

This value includes 20 watts of rf circuit loss. 

365-ohm 

HANDLING and OPERATING CONSIDERATIONS 

Avoid bumping this tube. Due to its large 

mass, bumping this tube wi l l introduce resultant 

stresses which may cause internal damage. 

The 6166-A/7007 should be stored in its ship-
ping container and should be protected from mois-
ture and extreme temperature changes. The pre-

ferred storage position of this tube is vertical. 

The inner carton in which this tube is 

packed i s not a shock-resisting conta i ner. The re-

fore, it is necessary to handle the tube in its 

inner carton with the same precautions as for 

the unpacked tube. 
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It is recommended that the 6166-A/7007 be 
tested upon receipt in the equipment in which it 
is to be used. 

Before operating this tube, please refer to 

the tune-up and operating procedure given in the 

instruction manual forthe equipment in which the 

tube is to be used. It is recommended procedure 

to adjusttheequipment for operation under heavy 

plate loading conditions and with only sufficient 

rf drive to provide the required power output: 

Care should be taken to avoid operation of 

this tube under conditions of insufficient. plate 

loading or excessive rf drive. These operating 

conditions, especial ly at the upper end of the 

VHF range, may produce excessively high seal 

temperature and resultant damage to this tube. 

Themounting forthe 6166-A/7007 should support 

the entire weight of the tube by the plate term-

inal. The mounting should be designed in accord-

ance with the information shown on the Gauge 

Drawing on page 12. Flexible connectors of the 

spring-contact type are required forthe grid-No.2 

terminal and grid-No. l terminal, and are recom-

mended for the plate terminal. Two connectors 

are required forthe fi lament terminals. Because 

of the relatively large high-frequency currents 

carried by the grid-No. l, grid-No.2, and plate 

terminals, heavy conductors should be used to 

make the circuit connections. 

Remove the tube from its mounting with a 

sl ight rocking, upward action to release the 

spring-contact fingers. Be sure to l ift the 

tube straight out of its mounting and sufficiently 

high to prevent bumping the fi lament terminals 

against the edge of the mounting. 

Cooling of the 6166-A/7007 is accompl ished by; 

passing a stream of clean ai rthrough the radiator 

toward the end with the handles and by directing 

a st ream of a i r onto the fi lament sea I s, grid-No. I 

terminal, and grid-No.2 terminal. 

A suitable air fi lter is required in the air 

supply for the radiator. Care should be given to 
cleaning or replacing the fi lter at intervals in 

order that accumulated dirt wi l l not obstruct 
the required flow of air through the radiator. 

The required air flow and pressure drop for the 
radiator for various plate dissipations is shown 

in Fig. l. In using these curves for determining 
the cool ing requirements of the tube as a plate-

modulated rf power ampl ifier, it should be 
remembered that 100% sine-wave modulation causes 
a 50% increase in the plate dissipation above 
that under carrier conditions. Al lowance for 
pressure drop in air fi Iters, duct work, louvres, 
etc., should be made in selecting a blower to 
furnish the required air flow. 

The cool ing system should be properly in-

stal led to insure safe operationof the tube under 

al l conditions and for this reason should be elec-
trical ly interconnected with the fi lament and plate 

power suppl ies. This arrangement is necessary 

to make sure that the tube is suppl ied with air 
before any voltages are appl ied. Air-flow inter-

locks which open the power transformer primaries 

are desirable for protecting the tube when the 

air flow is insufficient or ceases. 

O 2 4 6 8 10 
PLATE DISSIPATION-KILOWATTS 

STATIC PRESSURE- INCHES OF WATER 

12 

92CM-10785 

Fig.i - Cooling Requirements o.f Tyke 6166-A/7oo7. 

The maximum radiator temperature of 180° C 

is a tube rating and is to be observed in the 

.same manner as other ratings. The temperature 

of the radiator should be measured on the core at 
the end away from the incoming air. The temper-

ature may be measured eitherwitha thermocouple 
or withtemperature-sensitive paint such as Temp-

i laq. The latter is made by the Tempi l Corpora-
tion, 132 W. 22nd St., New York I I, N.Y., in the 
form of l iquid and stick. 

Simi larly, the maximum terminal temperature 

of 180o C is to be observed in the same manner as 
for other ratings. 
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The filament of the 6166-A/7007 is of the 
multistrand thoriated-tungsten type. It should be 
operated at the rated value of 5 volts t 5%, and 
must be al lowed to reach normal operating temper-
ature before plate and grid-No.2 voltages are 
appl ied. The minimum heating time is l5 seconds. 

g 0 r 

.O tt N O aD ~O 
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0 0 0 N 

0 O O 

O 

92CM-773681 
Fig.2 -Average Plate Characteristics 

of Tyye 6166-A/ryoory. 

Ful I rated fi lament voltage can be appl ied safely to 
the cold fi lament. It is not necessary to provide 
means fori imiting the fi lament starting cut rent. 

During long or frequent standby periods, the 
6166-A/7007 may be operated at decreased fi lament 
voltage to conserve l ife. It is recommended that 
the fi lament voltage be reduced- to 80 per cent of 
normal during standby periods up to 2 hours; for 
longer periods, the fi lament power should be 
turned off. 

Overheating of the 6166-A/7007 by severe over-
load may decrease the fi lament emission. The 

fi lament activity can sometimes be restored by 
operating the fi lament at 5 volts for 10 minutes or 
more with no voltage on the other electrodes. This 
p rocess may be accelerated by raising the f i l ament 
voltage to 6 volts (not higher) fora few minutes. 

0 1000 2000 3000 4000 5000 6000 7000 
PLATE+ VOLTS 

92c5-774481 

Fig.3-Average Characteristics ofTy~e 6166-A/7oo~. 

0 1000 2000 3000 4000 5000 6000 7000 
PLATE VOLTS 

92 0 5-7 74381 

Fig.q -Average Characteristics ofTy~e 6166-A/ryoory. 

Grid-No.2 voltage should be obtained from a 
source of good regulation. The plate voltage 
should be appl ied before or simultaneously with 
the grid-No.2 voltage; otherwise, with voltage 
ort grid-No.2 only, itscurrent may be large enough 
to cause excessive grid-No.2 dissipation. A do 
mi l l iammeter should be used in the grid-No.2 cir-
cuit so that itscurrent may be measured and the do 
power input determined. 

The grid-No.2 current i s a ve ry sensitive i nd i-
cation of plate-circuit loading and rises exces-
sively (often to the point of damaging the tube) 
when the tube is operated without load. Therefore, 
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care should be taken when tuning the 6166—A/7007 
circuit under no—load conditions to prevent 
exceeding the grid—No.2 input rating of the tube. 

The date circuit should be provided with a 
t ime—delay relay which wi I I prevent theappl i-cation 
of plate voltage before the fi lament has reached 
normal operating temperature. 

O O O O O 
O O O O 
V 

~ GRID-N 4 1 VOLTS 

O O 
N 

92CM-7737R1 

Fig.g —Average Constant—Current Characteristics 
o,f Tyke 6166—A/7ooq. 

Protective devices should be used to protect 
not only the plate but also grid—No.2 against 
overload. In order to prevent excessive plate-
current flow and resultantoverheating of the tube, 
the common ground lead of the plate circuit 
should be connected in series with the coi l of an 
instantaneous overload relay. This relay should 
be adjusted to open the circuit breakers in the 
primary of the rectifier transformer at sl ightly 
higher than normal plate current. The time 

required for operation of the relay and circuit 
breakers should be about I/10 second and not more 
than I/6 second. 

A protective device in the grid-No.2 supply 

lead should remove the grid-No.2 voltage when the 

do grid-No.2 current reaches a value sl ightly 

higher than normal. 
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Fig.6 — Average Constant—Current Characteristics 

of Tyke 6i 66—A/goory. 

The rated Mate and grid-No.2 voltages of 
this tube are extremely dangerous. Great care 
should betaken during the adjustment of circuits. 
The tube and its associated apparatus, especial ly 
al l parts which may be at high potential above 
g round, shou I d be housed i n a protective enc I osure. 
The protective housing should be designed with 
interlocks so that personnel cannot possibly 
come in contact with any high-potential point in 
the electrical system. The interlock devices 
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should function to break the primary circuit of 

the high—voltage suppl ies when any gate ordoor on 

the protective housing is opened, and should 
prevent the closing of this primary circuit unti l 

the door is again locked. 

In class Btelevision service, the 6166—A/7007 

should be suppl ied with grid—No. l bias in grid—

drive circuits, or cathode—to—grid—No. l bias in 

cathode—drive circuits, from a source of do 

voltage having good regulation. It should not be 

obtained from a high—resistance source such as a 

grid resistor. The grid—No.2 voltage should be 

obtained from a do source having good regulation. 

In class Ctelevision service, the 6166—A/7007 
is suppl ied with unmodulated rf grid—No. l voltage 
and with a video—modulated do grid—No. l voltage. 
The grid—No. l and grid—No.2 voltages should be 
obtained from vuel I —regulated do voltage sources. 

In single—sideband suppressed—carrier ser—

vice, the grid—No.2 voltage should be obtained 

from a wel l—regulated do voltage source. In ABZ

operation both the grid—No. l and grid No.2 volt—

ages should be obtained from wel l —regulated do 

voltage sources. Furthermore, in ABp operation 
of the 6166—A/7007, l inearity wi l l be assured only 
by awel I —regulated driver. An adequate swamping 
resistor in the grid—No. l circuit of the 6166—A/ 
7007 wi I I maintain good driver regulation by offerT 
ing a load to the driver that is modified only 

sl ightly by the additional load of the tube when 

it is driven into the grid—current region. 

In plate—modulated class C rfpower amplifier 
service, the 6166—A/7007 should be suppl ied with 
bias froma grid—No. l resistor, orfrom a suitable 
combination of grid—No. l resistor and fixed supply 
or grid—No. i resistor and cathode resistor. The 
cathode resistor should be by passed for both audio 
and radio frequencies. The combination method of 
grid—No. l resistor and fixed supply has the advan—

tage of not only protecting the tube from damage 
through loss of excitation but also of minimizing 
distortion by bias—supply compensation. 

Grid—No.2 voltage for the 6166—A/7007 in plate—

modulated telephony service should preferably 

be obtained from a separate source. The grid—
No.2 voltage should be modulated simultaneously 
along with the plate voltage and in such a manner 
that the ratio of grid—No.2 voltage to plate 
voltage remains constant. Modulation of the 
grid—No.2 voltage can be accompl ished either by 
connecting grid No.2 to a separate winding on the 
modulation transformer or by connecting grid No.2 

through a blocking capacitor to a tap on the 

modulation transformer or choke. With the latter 
method, an of choke of suitable impedance for low 

frequencies should be connected in series with 
the grid—No.2 supply lead. 

In class C rf telegraphy service, the 6166—A/ 

7007 may be suppl ied with bias by any convenient 

method except when the tube is used in the final 

ampl ifier or a preceding stage of a transmitter 

designed for break—in operation and osci l lator 

keying. In this case, an amount of fixed bias 

must be used to l imit the plate current and, 

therefore, the plate dissipation to a safe value. 
When the 6166—A/7007 is operated at a plate voltage 
of 5800 volts and grid—No.2 voltage of 1200 volts, 
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Fig.7 —Average Plate Characteristics 
of Type 6166—A/ryoory. 

a fixed bias of —130 volts must be used to l imit 

the plate current to approximately 0. 1 ampere. 

Grid—No.2 voltage for the 6166—A/7007 in class 

C telegraphy service should preferably be obtained 

from a separate sou rce, o r from the p 1 ate—vo I tage 

supply with a voltage divider. It may also be 

obtained through a series resistor from the plate 
supply when the 6166—A/7007 ora preceding stage is 

not keyed. For keyed operation, a fixed source 

should be used but its regulation need only be 

sufficient to prevent the grid—No.2 voltage from 

exceeding 2000 volts underkey—up conditions. In 
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this case, additional fixed grid—No. l bias voltage 

must be provided to l imit the plate current. 

I n class CFM telephony service, the 6166—A/7007 
may be suppl ied with bias by any convenient method. 

The grid—No.2 voltage should be obtained from a 

wel l —regulated do voltage source. This type of 
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Fig.B—Average Characteristics of Type 6166—A/7oo7. 

service is simi lar to conventional class C rf 
telegraphy service. 

In grid—drive circuits, the values of driver 
power output given under Typical Operation 
represent approximately the actual driving power 
required at the highest frequency specified. At 
lower frequencies less driving power may be 
satisfactory because of reduced tube and circuit 
losses. In al l cases, however, the driver stage 
should be designed to provide an excess of power 
over that indicated under the typical operating 
conditions to take care of variations in l ine 

voltage, in components, in initial tube character—

istics, and in tube characteristics during l ife. 

In cathode—drive circuits, the re is a further 

increase in required driving power due to the 

fact that the grid—No. l driving voltage and the 

developed rf plate voltage act in series to supply 
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Fig.g—Average Characteristics of Type 6166—A/7oo7. 

the loadcircuit. The increased driving power is 
not lost because it appears as output from the 
cathode—drive stage. If the driving voltage and 
grid—No. l current are increased, the output wi l l 
always increase. Such is not the case in a grid—
drive circuit where a saturation effect takes 
place, i.e., above a certain value of driving 
voltage and current, the output increases very 
slowly and may even decrease. It is important 
to recognize this difference and not try to 
saturate a cathode—drive stage because the maximum 
grid—No.2 dissipation may easi ly be exceeded. 
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In tuning a cathode-drive rf ampl iffier, it 
must be remembered that variations in the load 
on the output stage wi l l produce corresponding 
variations in the load on the driving stage. 
This effect wi l l be noticed by the simultaneous 
increase inplate currents of both the output and 
driving stages. 
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Fig.io - Average Constant-Current Characteristics 

of Tyke 6166-A/ryoo7. 

Push-bull or~arallel circuitarrangements may 
be used when mo re radio-f requency power i s required 
than can be obtained from a single tube. Two 
tubes in paral lel or push-pul l wi l l give approx-
imately twice the power output of one tube. The 

paral lel connection requires no increase in 
exciting voltagenecessary to drive a single tube. 
With eitherconnection, the driving powerrequired 
is approximately twice that for a single tube. 
When two or more tubes are used in the circuit, 
precautions should be taken to balance the plate 

currents. 
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Fig. 11 -Average Constant-Current Characteristics 
of Tyge 6166-A/7ooq. 
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Fig.iq —Average Characteristics for Cathode—
Drive Operation of Type 6166—A/7ooq. 

— 10—



g a 
I 

g 

 Ep=5.0 VOLTS AC 
GRID-NQ 2- TO-

GRID-N41 
VOLTS=B90 

0 0 
0 

0 
~I N  ~ + 

CATHODE -TO-GRID-N41 VOLT 

0 
N 

92CM-7749RI 

Fig.sg —Average Constant—Current Characteristics 
,for Cathode—Drive Operation of Type 6166—A/7oory. 

8  S 
~  ~   ~... o 

6 ~o 

"""'  Ef = 5.0 VOLTS AC 
GRID- NQ2-TO-GRID-NQ I 

VOLTS=890 

g .o 

0 0 h 

N --  ~ 
J ~~iiiiuun..Js ~' u  J 

o : is : ~i~ p ':~i7 i   i'TiCi]  c 
u ..w~'.:T.f ::.i: ~~':« j:'i47 :iiLii:TiiiRiiiRi i~iiiiiiiii u 

::::: 

g< ~~a.•' ~i.~.....l7iwi 
~`it _ i"'T.iTiiiiiiiii: ::77aii: ii  g<

Ja 
... 

~~~1~t~~l.....::i~i.,~ .'~r4Teee~m   a

..~.'iiu7~,~gq~......1 ~iiiCT:'~ i~'"'. 
 I~ w;~~...... ~..Hl iiui 

I~~T:Tu. iii 

Yf~l.. ~ ,i.r..~i 

V 
N 

0 

N 

...,.,.~e:
a:,....,;eBe,;..,.,..~.......,..  

8 ... e:e•• 
- ~ - --- - — 

0 0 

v ~ 
N 

O 
I + 

CATHODE-TO-GRID-N41 VOLTS 
N 

92CM-775182 

Fig. s6 —Average Constant—Current Characteristics 
for Cathode—Drive Operation of Type 6z66—A/goo'7. 

Information furnished by RCA is believed to be accurate 
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DIMENSIONAL OUTLINE 
  6.0 ~±.I"DIA.  

~ 3.38 AMAX. DIA. 

HANDLE 

AIR-COOLED 
RADIATOR 

1.165" 
MAX. 

6.36"±.02"~ 
DIA. 

RADIATOR FLANGE 

PLATE TERMINAL 
CONTACT SURFACE 

4.50"MAX. DIA.—> 

GRID-N'-2 TERMINAL 
CONTACT SURFACE 

4.24fi''_.020'~ 
DIA. 

GRID-N'-I TERMINAL 
CONTACT SURFACE 

3.68fi±.024 
DIA. 

4.1 
MAX. 

.5~ .03" 

FILAMENT TERMINALS 

CERAMIC 

t 

.50"MIN. 

1.71"±.04 

WITH THE CYLINDRICAL SURFACES OF THE PLATE TERMINAL, GRID-
No.2 TERMINAL, GRID- No.l TERMINAL, AND FILAMENT TERMINALS 
CLEAN, SMOOTH, AND FREE OF BURRS. THE TUBE WILL ENTER A 
GAUGE AS SHOWN IN SKETCH G1. PROPER ENTRY OF THE TUBE IN 
THE GAUGE IS OBTAINED WHEN THE PLATE TERMINAL IS ENTIRELY 
ENGAGED BY HOLE H1 AND WILL SEAT ON THE SHOULDER BETWEEN 
H1 AND Hp. THE PLANE SURFACE OF THIS SHOULDER IS AT RIGHT 

SKETCH GI 

.070"±.010" 

6.420' ~ F~~ 
t.0 O I " —~ 
H2 

6.050" ±.001..— ~', 

H3 
5.250" 
±.001" 

Hq 
4.280 " 
±.001 ' 

H5 

3.782 " 
tool " 

.250'„ 
tool 

=~ t 2' 
i 

~~ 
~ln ~%/. ~ ~.~ . 

% •~ r -  i r' 
i i I ~ 

~~ 6 I~s~ 

i 

562 "±.001" 
~• 

2.140" 
1.001 

j 

3.453" 
1.001" 

.81"MIN. 

d
x.437"±.007" 

1.82" 
±.04" 

.35"MIN. 

DIA. 

3. 2" 
±.06" 

I 

A 

5.99" 
±.12" 

I I.50" 
MAX. 

92CL -10626R I 

ANGLES TO THE AXES OF THE HOLES WITHIN Oo ± 2'. SEATING 
IS DETERMINED BY FAILURE OF A 0.020" THICKNESS GAUGE TO 
ENTER MORE THAN 1/16" BETWEEN SHOULDER SURFACE AND PLATE 
TERMINAL. SLOTS ARE PROVIDED TO PERMIT THIS MEASUREMENT. 
KEEP ALL STIPPLED REGIONS CLEAR. DO NOT ALLOW CONTACTS 
OR CIRCUIT COMPONENTS TO PROTRUDE INTO THESE ANNULAR 
VOLUMES. 

7.000" 

5.656" 
tool" 

MIN. 

.ass" 
1.001 

3.00' ±.06" 

.soo~, 
1.001 

.500"-MIN. 

THE FIVE CYLINDRICAL HOLES H1. Hp, H3 Hu AND 
H5 HAVE AXES COINCIDENT WITHIN 0.061". THE 
HOLES H6 AND HT HAVE AXES PARALLEL TO THE 
AXES OF H1. H2, H3, Hu AND H5 WITHIN 00 ± 2'. 

92 C S -10634RI 

TERMINAL CONNECTIONS 

F: FILAMENT TERMINAL 

Gi: RID-No.i TERMINAL 
Adjacent to 

Filament Posts) 

G2: RID-N0.2 TERMINAL 
Between Grid-No.i 
Terminal and 
Plate Terminal) 

P: PLATE TERMINAL 
(Radiator Flange) 



RCA-6199 

10-Stage Head-On Type 

5-11 Spectral Response 

RCA-6199 is a 10-stage, head-on, 1'/z"-diameter 
type of photomultiplier tube intended for use in scin-

tillation counters and for the detection and measurement 

of low-level radiation. 
The spectral response of the 6199, at the 10-per-

cent points, covers the approximate range from 3200 

angstroms to 6100 angstroms as shown in Fig.l. Maxi-
mum relative response occurs at about 4400 angstroms, 
and peak cathode quantum efficiency at about 4200 
angstroms. 

SPECTRAL RESPONSE CHARACTERISTICS 
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FEATURES 

• Fast Time Resolution Characteristics 
Anode Pulse Rise Time: 

2.5 nanoseconds at 1250 volts 

Electron Transit Time: 
29 nanoseconds at 1250 volts 

• High Current Amplification —
1 x 106 at 1000 volts 

• Flat Faceplate for Ease in Scintillator Coupling 

General: 
Spectral Response  5-11 
Wavelength of Maximum 

Response   4400 ± 500 angstroms 
Cathode, Semitransparent   Cesium-Antimony 

Shape   Flat Circular 
Minimum area  1.2 in2
Minimum diameter   1.24 in 

Window. . . Lime Glass, Corninga 0080, or equivalent 
Shape  P1ano-Plano 
Index of refraction at 5893 angstroms   1.51 

Dynodes: 

Substrate   Nickel 
Secondary-Emitting Surface . . . . Cesium-Antimony 
Structure  Circular-Cage 

Direct Interelectrode Capacitances (Approx.): 
Anode to dynode No.10   4 pF 
Anode to all other electrodes  7 pF 

Maximum Overall Length   4.57 in 
Seated Length   3.88 ± 0.19 in 
Maximum Diameter   1.56 in 
Bulb  T12 
Base   Small-Shell Duodecal 12-Pin, 

(JEDEC No.B12-43), Non-hygroscopic 
Socket   Ebyb Part No.9058, or equivalent 
Magnetic Shield   Millenc Part No.80802C, 

or equivalent 
Operating Position   Any 
Weight (ApproxJ  2.2 oz 

DATA 

Maximum Ratings, Absolute-Maximum Values:d

DC Supply Voltage: 
Between anode and cathode  1250 max. volts 
Between anode and dynode 

No.10   250 max. volts 

Trademork(sl ®Registered 

Marca(s) Registradais) 

RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Harrison, N. J. 

61Q9 6/66 
Supersedes 6199 5/66 

Printed in U.S.A. 



6199 

Maximum Ratings (Cont'd) 

Between consecutive dynodes . .  
Between dynode No.l 

and cathode 
Average Anode Currents 
Ambient Temperaturef  

200 max. volts 

300 max. volts 
0.75 max. mA 

75 max. °C 

Characteristics Range Values for Equipment Design: 
Under conditions with supply voltage (E) across 
voltage divider providing 1/6 of E between cath-
ode and dynode No.l; 1/12 of E for each succeed-
ing dynode stage; and 1/12 of E between dynode 
No.10 and anode. 

With E = 1000 volts (Except as noted) 

Min. Typical Max. 

Sensitivity: 
Radiantg at 

4400 ang-
stroms . . 

Cathode rad-
ianth at 
4400 ang-
stroms . . 

Luminousi 10 
Cathode lu-

minous: 
With tungsten 

light 
sourcek 3.0 x 10

-5

With blue 
light 
source'" 2.8 x 10'8

Cathode quan-
tumefficiency 
at 4200 ang-
stroms . . 

Current Ampli-
fication . . . —

EquivalentAnode-
Dark-Current 
Input" . . . 

Anode Dark 
Current"gyp. . —

DarkCurrent to Any 
Electrode Except 
Anode (At 22° C) —

Equivalent Noise 
Inputr . . . . 

Anode-Pulse 
Rise Times. 

Electron Transit 
Timet . . . . 

— 3.6 x 104 A/W 

0.036 — A/W 
45 300 A/lm 

4.5 x 10
-5 

— A/lm 

— — A 

10 

1X106

2.3 x 10-lOp 

2.8 x 10-13q 

4.5 x 10
-g

4 x 10-12

5 x 10-15q 

2.8 x 10
-g 

3.3 x 10
-8

lm 
W 

— A 

7.5 x 10
-7 

A 

1.7 x 10-11 lm 
2.1 x 10-1~ W 

— sec 

— sec 

2.5 x 10-9p 
3.1 x 10"12q 

° Made by Corning Glass Works, Corning, New York. 

bMade by Hugh H. Eby Company, 4701 Germantown Avenue, 
Philadelphia 44, Pa. 

`Made by James Millen Manufacturing Company, 150 Ex-
change Street, Malden 48, Massachusetts. 

d The maximum ratings in the tabulated data are established 
in accordance with the following definition of the Absolute-
Maximum Rating System for rating electron devices. Ab-
solute-Maximum ratings are limiting values of operating 
and environmental conditions applicable to any electron 
device of a specified type as defined by its published data, 
and should not be exceeded under the worst probable con-
ditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no respon-
sibility for equipment variations, environment variations, 
and the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that initially 
and throughout life no Absolute-Maximum value for the in-
tended service is exceeded with any device under the worst 
probable operating conditions with respect to supply-volt-
age variation, equipment component variation, equipment 
control adjustment, load variation, signal variation, en-
vironmental conditions, and variations in device charac-
teristics. 

@Averaged over any interval of 30 seconds maximum. 

f Tube operation at room temperature or below is recommended. 

9This value is calculated from the typical value for luminous 
sensitivity using a conversion factor of 804 lumens per watt. 

hThis value is calculated from the typical value for cathode 
luminous sensitivity using a conversion factor of 8041umens 
per watt. 

~ Under the following conditions: The light source is a tung-
sten-filament lamp having slime-glass envelope. It is oper-
ated at a color temperature of 2870°  K and a light input of 

10 microlumens is used. 

k Under the following conditions: The light source is a tung-
sten-filament lamp having slime-glass envelope. It is open 
aced at a color temperature of 2870°  K. The value of light 
flux is 0.01 lumen and 167 volts are applied between cath-
ode and all other electrodes connected as anode. 

'"Under the following conditions: Light incident on the cath-
ode is transmitted through a blue filter (Corning C.S. No. 
5-58, Glass Code No.5113 polished to 1/2 stock thickness-

Manufactured by the Corning Glass Works, Corning, New 
York) from a tungsten-filament lamp operated at a color 
temperature of 2870°  K. The value of light flux incident on 
the filter is 0.01 lumen and 167 volts are applied between 
cathode and all other electrodes connected as anode. 

"Measured at a tube temperature of 22°  C. Dark current may 
be reduced by use of a refrigerant. 

PMeasured with supply voltage (E) adjusted to give a lumi-
nous sensitivity of 20 amperes per lumen. Dark current is 
measured with no incident light on tube. 
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 6199 

4At 4400 angstroms. This value is calculated from the rating 
in lumen using a conversion factor of 804 lumens per watt. 

r Under the following conditions: Supply voltage (E) is as 
shown, 22°  C tube temperature, external shield connected 
to cathode, bandwidth ]. Hz, tungsten-light source at a color 
temperature of 2870°  K interrupted at a low audio-frequency 
to produce incident radiation pulses alternating between 
zero and the value stated. The "on" period of the pulse is 
equal to the °°off" period. 

SMeasured between 10 per cent and 90 per cent of maximum 
anode-pulse height. This anode-pulse rise time is primarily 
a function of transit time variation and is measured under 
conditions with the incident, light fully illuminating the 
photocathode. 

t The electron transit time is the time interval between the 
arrival of a delta function light pulse at the entrance win-
dow of the tube and the time at which the output pulse at 
the anode terminal reaches peak amplitude. The transit time 
is measured under conditions with the incident light fully 
illuminating the photocathode. 

SCHEMATIC ARRANGEMENT OF STRUCTURE 

INTERNAL CONDUCTIVE 
COATING 

ACCELERATING 
ELECTRODE 

2 

GRILL 

SEMI-
TRANSPARENT 
PHOTOCATHODE 

SHIELD 

I-10~ DYNODES 
I I ANODE 

Fig. 2 

OPERATING CONSIDERATIONS 

INCIDENT 
RADIATION 

92CS-7776R2 

Operating Stability: 

The- operating stability of the 6199 is dependent 
on the magnitude of the anode current. The use of an 
average anode current well below the maximum rated 
value of 0.75 milliampere is recommended when sta-
bility of operation is important. When maximum stability 
is required, an average anode currentof 10 microamperes 
should not be exceeded. 

Operating Voltages: 

In general, the operating potential between anode 
and cathode should not be less than 500 volts. 

The operating voltage between dynode No.10 and 

anode should be kept as low as will permit operation 
over the knee of the anode characteristic curves shown 
in Fig.4. With low operating voltage between dynode 
No.10 and anode, the ohmic leakage current to the 
anode is reduced. Operation over the knee occurs in 
the approximate range of 50 to 100 volts for the light 
level range shown in Fig.4. Under high pulse current 
conditions, saturation due to space-charge limitations 
will occur and higher voltage will be required. To 
obtain the suggested operating voltage between dynode 
No.10 and anode, it is necessary to increase the supply 

TYPICAL SENSITIVITY AND 
CURRENT AMPLIFICATION CHARACTERISTICS 

SUPPLY VOLTAGE (E1 ACROSS VOLTAGE DIVIDER PROVIDING 
I/6 OF E BETWEEN CATHODE AND DYNODE No.l; 1/12 
OF E FOR EACH SUCCEEDING DYNODE STAGE; AND 
1/12 OF E BETWEEN DYNODE No.10 AND ANODE 
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6199  

voltage between these electrodes by an amount equal 
to the voltage drop across a particular load. 

In applications where minimum electron transit 
time spread and more efficient collection of photo- 
electrons from cathode by dynode No.l are desired, the 
potential between cathode and dynode No.l may be 
increased to the rated maximum value of 300 volts. 

The operating voltages for the 6199 can be sup-
plied by spaced taps on a voltage divider across a 
regulated do power supply. A typical voltage-divider 
arrangement for use with the 6199 is shown in Fig.10. 
The choice of resistance values for the voltage-divider 
string is usually a compromise. If low values of re-

TYPICAL ANODE CHARACTERISTICS 

DYNODE No.I-TO-CATHODE VOLTS=167 
EACH-SUCCEEDING-DYNODE-STAGE VOLTS=83 
L GHT SOURCE IS ATUNGSTEN-FILAMENT LAMP OPERATED 
AT COLOR TEMPERATURE OF 2870° K. 

:~ t0 
1 

P 

~~~ ~Mr~ 

1
1 

1 
~~~~~i N ~ 

~ ~~ 
il~~nliiiiiiii
I 

O 

 f= 
 _~. 
— o __ 

IG
H

T
 

F
L

U
X

—
M

IC
 

Yea 
in 
liri 

■111111 Iiillii
■111111..1■■■ 
■Im r 

■111111 

L 
M 

~\ 

N 

g 

O 
4'1 

V
O
L
T
S
 B
E
T
W
E
E
N
 
A
N
O
D
E
 
A
N
D
 
D
Y
N
O
D
E
 N
o
.
1
0
 

O N O v~ O u1 
M N N — — O 

ANODE CURRENT—MILLIAMPERES 

Fig. 4 

O 

92LM-1483RI 

sistance per stage are utilized, the power drawn from 
the supply and the required wattage rating of the re-
sistors increase. Phototube noise may also increase, 
due to heating, if the divider network is mounted near 
the tube. The use of high values of resistance per 
stage may cause deviation from linearity if the voltage-
divider current is not maintained at a value of at least 
10 times that of the maximum average anode current 
and may limit anode current response to pulsed light. 

When the ratio of peah anode current to average 
anode current is high, non-inductive high-quality ca-
pacitors should be employed across the latter stages 
of the tube. The values of these capacitors should be 
chosen so that sufficient charge is available to prevent 
a change of more than a few per cent in the interstage 
voltages throughout the pulse duration. 

The high voltages at which the 6199 is operated 
are very dangerous. Care should be taken in the de-
sign of apparatus to prevent the operator from coming 
in contact with these high voltages. Precautions 
should include the enclosure of high-potential terminals 
and the use of interlock switches to break the primary 
circuit of the high-voltage power supply when access 
to the apparatus is required. 

TYPICAL TIME-RESOLUTION CHARACTERISTICS 

SUPPLY VOLTAGE (E) ACROSS VOLTAGE DIVIDER PROVIDING I/6 OF E 
BETWEEN CATHODE AND DYNODE Nal; I/12 OF E FOR EACH 
SUCCEEDING DYNODE STAGE• AND I/12 OF E BETWEEN DYNODE 
No. 10 AND ANODE. PHOTOCATHODE IS FULLY ILLUMINATED. 
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Fig. 5 

In the use of the 6199, as with other tubes requiring 
high voltages, it should always be remembered that 

these high voltages may appear at points in the circuit 
which are normally at low potential, because of defec-
tivecircuit parts or incorrect circuit connections. There-
fore, before any part of the circuit is touched, the 
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power-supply switch should be turned off and both 
terminals of any capacitors grounded. 

Dark Current: 

A very small anode. dark current is observed when 
voltage is applied to the electrodes of the 6199 in 
complete darkness. Among the components contributing 
to dark current are ohmic leakage between the anode 
and adjacent elements and pulses produced by elec-
trons thermionically released from the cathode, secon-
dary electrons released by ionic bombardment of the 
dynodes, support rods, or cathode, and by cold emission 
from the electrodes. 

TYPICAL DARK CURRENT AND EADCI 
CHARACTERISTICS 

LUMINOUS SENSITIVITY IS VARIED BY ADJUSTING THE SUPPLY VOLTAGE (E) 
ACROSS VOLTAGE DIVIDER WHICH PROVIDES I/6 OF E B):TWEEN CATHODE 
AND DYNODE No.l: 1/12 OF E FOR EACH SUCCEEDING DYNODE STAGE; AND 
I/2 OF E BETWEEN DYNODE No. 10 AND ANODE. 
TUBE TEMPERATURE=22°C 
LIGHT SOURCE IS ATUNGSTEN-FILAMENT LAMP OPERATED AT A COLOR 
TEMPERATURE OF 2870° K. 
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Typical anode dark current as a function of lumi-
nous sensitivity at a temperature of +22° Cis shown 
in Fig.6. 

A temporary increase in anode dark current by as 
much as 2 orders of magnitude may occur if these tubes 
are exposed momentarily to high-intensity ultraviolet 
radiation from sources such as fluorescent room light-
ing even though voltage is not applied to the tubes. 
The increase in dark current may persist for a period 
of 24 to 48 hours following such irradiation. 

The use of a refrigerant, such as dry ice, to cool 
the 6199 is recommended in those applications where 
maximum current amplification with minimum dark cur-
rent is required. 

The equivalent noise input as a function of the 
temperature of the 6199 is shown in Fig.7. 

TYPICAL ENI CHARACTERISTICS 

DYNODE NO I- TO -CATHODE VOLTS =167 
EACH-SUCCEEDING-DYNODE-STAGE VOLTS=83 
BANDWIDTH:I Hz 
LIGHT SOURCE ~ TUNGSTEN AT 2870' K INTERRUPTED AT 90 Hz TO 
PRODUCE PULSES ALTERNATING BETWEEN ZERO AND FLUX VALUE 
SHOWN FOR ANY GIVEN TUBE TEMPERATURE °ON~~ PERIOD OF 
PULSE EQUAL TO °OFF° PERIOD ~ RMS SIGNAL CURRENT =RMS 
NOISE CURRENT. 
EXTERNAL SHIELD VOLTS RELATIVE TO ANODE VOLTS= -1000 
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Shielding: 

Electrostatic and/or magnetic shielding of the 
6199 may be necessary. 

An external electrostatic shield, in contact with 
the sides of the glass envelope and connected to a 
negative do potential essentially the same as that of 
the photocathode, should be employed in those appli-
cations where it is desired to reduce the equivalent 
noise input of the 6199 to a minimum. 

The applkcation of high voltage, with respect to 
cathode, to insulating or other materials supporting or 
shielding the 6199 at the photocathode end of the tube 
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should not be permitted unless such materials are Adequate light shielding should be provided to 
chosen to limit leakage current to the tube envelope prevent extraneous light from reaching any part of the 
to 1 x 10-12 ampere or less. In addition to increasing 6199. 
dark current and noise output because of voltage gra-
dients developed across the bulb wall, such high volt-
age may produce minute leakage current to the cath-
ode through the tube envelope and insulating materials 
which can permanently damage the tube. 

It is to be noted that the use of an external mag-
netic and/or electrostatic shield at high negative po-
tential presents a safety hazard unless the shield is 
connected through a high impedance in the order of 10 
megohms to the negative-potential source. If the shield 
is not so connected, extreme care should be observed 
in providing adequate safeguards to prevent personnel 
from coming in contact with the high potential of the 
shield. 

Magnetic shielding of the 6199 is necessary if it 
is operated in the presence of strong magnetic fields. 
The curve in Fig.B shows the effect on anode current 
of variation in . magnetic-field strength for a tube with 
no magnetic shielding. With increase in voltage above 
100 volts between cathode and dynode No. 1, or with 

other tube orientations, the effect of the magnetic field 
will cause less decrease in anode current. 

TYPICAL EFFECT OF MAGNETIC FIELD 
ON ANODE CURRENT 

UNIFORM MAGNETIC FIELD IS PARALLEL TO DYNODE -CAGE AXIS. 
POSITIVE VALUES ARE FOR LINES OF FORCE FROM LEFT TO 
RIGHT WITH BASE DOWN AND BASE KEY TOWARD OBSERVER. 
VOLTS PER STAGE = 100 
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SPECTRAL ENERGY DISTRIBUTION OF 
2870° K LIGHT SOURCE AFTER PASSING 

THROUGH BLUE FILTER 

SPECTRAL CHARACTERISTIC OF LIGHT FROM 
2870" K SOURCE AFTER PASSING THROUGH BLUE 
FILTER (CORNING C.S. No.S-56 POLISHED TO I/2 
STOCK THICKNESS). 
MAXIMUM FILTER TRANSMISS ON OCCURS AT 
4300 ANGSTROMS AND IS 60 PER CENT. 
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Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 

Fig. 8 implication or otherwise under any patent or patent rights of RCA. 
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 6199 

TYPICAL VOLTAGE-DIVIDER ARRANGEMENT 
FOR TYPE 6199 

R I

I 

R 

R 

+ O 
R TO 

REGULATED 
DC POWER R 
SUPPLY 

(SEE NOTE) 
R -O 

R 

R 

5 

.l CI 
DYNODE Na10 

C2 
DYNODE No.9 

DYNODE Na 8 

O 
LOAD 

CONNECTION 
O 

DYNOOE No.7 

OYNOOE No.6 

ANODE 
RETURN 

DYNODE No.b 

DYNODE No.4 

DYNODE No.3 

DYNODE No.2 

DYNODE No. l 

6 7 

3 

2 

I) 
I) 
H —

I2 I 

8 

9 

10 

PHOTOCATHODE 

Fiy. 10 

PHOTO-
MULTIPLIER 

82LS-1008 

NOTE: Adjustable between approximately 500 and 1250 volts 

dc. 

C1, C2: 0.01 µF, non-inductive type, 400 volts 

(dc working) — Values dependent on amplitude and 

duration of pulse. (See page 4.) 

R1: 91,000 ohms, 2 watts (See Operating Voltages page 4.) 

R2 through R11: 47,000 ohms, 1 watt (See Operating Volt-

age s page 4. ) 

DIMENSIONAL OUTLINE 

~-I.56 MAXI 
DIA. 

1.24 MIN 
DIA. 

3.88 
1019 

4.57 
MAX. 

-FACEPLATE 
(SEE NOTE) 

-PHOTOCATHODE 

712 BULB 

BASE 
JEDEG No. B12-a3 

9205-777065 

DIMENSIONS IN INCHES 

NOTE: Deviation from flatness within the 1.2411 -diameter 

area will not exceed 0.010" from peak to valley. 

of bulb will not deviate more than 2°  in any direction from 

the perpendicular erected at the center of bottom of the 

base. 

BASING DIAGRAM 
Bottom View 

p DYp 
DYq_ ~ 0 ~Y9 

orr

or0

orb 

or4

DYj 
0 ® — DY2 

DYI K 

DIRECTION OF RADIATION 
INTO END OF BULB 

12AE 

Pin 1: Dynode No.l Pin 7: Dynode No.10 

Pin 2: Dynode No.3 Pin 8: Dynode No.B 

Pin 3: Dynode No.5 Pin 9: Dynode No.6 

Pin 4: Dynode No.7 Pin 10: Dynode No.4 

Pin 5: Dynode No.9 Pin 11: Dynode No.2 

Pin 6: Anode Pin 12: Photocathode 
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RCA-6342A 
PHOTOMULTIPLIER TUBE 

/1 

1.68" Min. Diameter Curved Fast Response 

Circular Semitrans- 10-Stage, Head-On Type, Flat Faceplate 

parent Photocathode S-I I Response 

2.31" Max. Diameter 

5.81" Max. Length 

RCA-6342A is a 10-stage, head-on type of 
photomultiplier tube intended for use in scin-
tillation counters for the detection and meas-
urement of nuclear radiation, and in other 

applications involving low-
level light sources. 

The design of the 6342A 
includes a semitransparent 
photocathode on the curved 
inner surface of the face end 
of the bulb having a minimum 
useful diameter of 1.68"; a 
face with a flat surface to 
facilitate the mounting of flat 
scintillators; and ten elec-
trostatically focused dynode 
stages. 

The spectral response of 
the 6342A covers the range 

from about 3000 to 6500 angstroms, as shown in 
Fig.2. Maximum response occurs at approximately 
4400 angstroms. The 6342A, therefore, has high 
sensitivity to the blue and less sensitivity 
to the red regions of the visible spectrum. 

DATA 
General: 
Spectral Response   5-11 
Wavelength of Maximum Response. 4400 t 500 angstroms 
Cathode, Semitransparent Cesium-Antimony 

~^ Shape   Curved, Circular 
Minimum area 2  2 sq. in. 
Minimum diameter  1.68 in. 

Window Lime Glass (Corninga No.0080), 
or equivalent 

Index of refraction   1.51 
Dynode Material   Copper-Beryllium 
Direct Interelectrode Capacitances (Approx.): 

Anode to dynode No. 10   4.4 pf 
Anode to all other electrodes   7.0 pf 

Maximum Overall Length 5  81" 
Seated Length 4  87" t 0,19" 
Maximum Diameter 2  31" 
Bulb  T16 
Base Medium-Shell Diheptal 14-Pin, 

(JIDEC Group 5, No.B14-38), Non-hygroscopic 
Socket  Lorangerb No.2274, or equivalent 
Magnetic Shield Millen No.80802B, or equivalent 
Operating Position Any 
Weight (Approx  )  5.2 oz 

Maximum Ratings, Absolute—Maxi~rzu~n Values:d

Supply Voltage Between Anode and 
Cathode ( g or Peak AC)   1500 max. volts 

~~ Supply Voltage Between Dynode No. 10 
and Anode (DC or Peak AC) 250 max. volts 

Supply Voltage Between Dynode No.l 
and Cathode (DC or Peak AC) 400 max. volts 

Supply Voltage Between Focusing 
Electrode and Cathode 
(DC or Peak AC)   400 max. volts 

Average Anode Currente  2 max. ma 
Ambient Temperature   75 max. °C 

Characteristics Range Values for Equipment Design: 

Under conditions with do supplyy voltage (E) across 
a voltage divider providing 1/6 of E between cath-
ode and dynode No.1; 1/12 of E for each succeed-
ing dynode stage; and 1/12 of E between dynode 
No.10 and anode. Focusing-electrode voltage 
is adjusted to that value between 10 and 60 
per cent of dynode No.l potential (referred to 
cathode) which provides Maximum anode current. 

With E = 1250 volts (Except as noted) 

Min. Typical Max. 

Sensitivity: 
Radiant at 4400 

angstroms . 2.5x104 a/w t 
Cathode radiant 

at 4400 
angstroms . 0.064 a/w 

Luminous: 
At 0 cpsf . 15 31 200 a/lm f 
With dynode 
No. 10 as 
output 
electrodeg, 22 a/lm ~ 

Cathode 
luminous: 
With tungsten 

light 
saurceh . 5x10-5 8x10-5 a/lm 

With blue 
light 
source) . 5x10

-8
a 

Current 
Amplification . 3.9x105

Equivalent Anode-
Dark-~urrent 
Input  { 2x10-lOm 

2.5x10-13n
2x10-9m 

2.5x10-12n 
lm 

w 

Equivalent Noise 
InputP { 7x10-12

8.7x10-15q 

1.7x10-11

2.1x10-14q 
lm 

w 
Anode-Pulse 
Rise Timer. . 3x10-9 sec 

Greatest Delay 
Between Anode 
Pulses: 
Due to position 
from which elec-
trons are si-
multaneously 
released within 
a circle centered 
on tube face 
having a diam-
eter of —
1-1/8" - 1.3x10-9s sec 
1-9/16" - 4x10-9s sec 

-► Indicates a change. 

RADIO CORPORATION OF AMERICA 
O Electronic Components and Devices Harrison, N. 1. 
R 

Tradem arks) ® Registered 
Marca(s) Re9isfrada(s) 

6342A 5-65 
Printed in U.S.A. 



6342A  
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Made by Corning Glass Works, Corning, New York. 

Made by Loranger Manufacturing Corporation, 36 
Clark Street, Warren, Pennsylvania. 

Made by James Millen Manufacturing Company, 150 
Exchange Street, Malden 48, Massachusetts. 

The maximum ratings in the tabulated data are 
established in accordance with the following defi-
nition of the Absolute-Maximum Rating System for 
rating electron devices. Absolute-Maximum ratings 
are limiting values of operating and environmental 
conditions applicable to any electron device of a 
specified type as defined by its published data, 
and should not be exceeded under the worst prob-
able conditions. 

The device manufacturer chooses these values to 
provide acceptable serviceability of the device, 
taking no responsibility for equipment variations, 
environment variations, and the effects of changes 
in operating conditions due to variations in de-
vice characteristics. 

The equipment manufacturer should design so that 
initially and throughout life no Absolute-Maximum 
value for the intended service is exceeded with any 
device under the worst probable operating con-
ditions with respect to supply-voltage variation, 
equipment component variation, equipment control 
adjustment, load variation, signal variation, 
environmental conditions, and variations in device 
characteristics. 

Averaged over any interval of 30 seconds maximum. 

Under the following conditions: 'The light source 
is a tungsten-filament lamp having a lime-glass 
envelope. It is operated at a color temperature 
of 2870° K and a light input of 10 microlumens is 
used. 

An output current of opposite polarity to that 
obtained at the anode may be provided by using 
dynode No.10 as the output electrode. With this 
arrangement, the load is connected in the dynode-
No.10 circuit and the anode serves only as a col-
lector. The average anode characteristics shown in 
Fig.4 do not apply when dynode number l0 is used as 
the output electrode. 

Under the following conditions: The light source 
is a tungsten-filament lamp having a lime-glass 
envelope. It is operated at a color temperature 
of 2870° K. The value of light flux is 0.01 lumen 
and 200 volts are applied between cathode and all 
other electrodes connected as anode. 

Under the following conditions: Light incident on 
the cathode is transmitted through a blue filter 
(Corning C.S. No.S-58, Glass Code No. 5113 polished 
to 1/2 stock thickness— Manufactured by the Corning 
Glass Works, Corning, New York} from a tungsten-
filament lamp operated at a color temperature of 
2870° K. The value of light flux incident on the 
filter is 0.01 lumen and 200 volts are applied be-
tween cathode and all other electrodes connected 
as anode. 

For maximum signal-to-noise ratio, operation with 
a supply voltage (E) below 1250 volts is recommended. 

Measured at a tube temperature of 25° C and with a 
supply voltage (E) adjusted to give a luminous 
sensitivity of 20 amperes per lumen. Dark current 
may be reduced by use of a refrigerant. 

Determined at 4400 angstroms. 

Under the following conditions: Supply voltage 
(E) is as shown, 25° C tube temperature, external 
shield connected to cathode, bandwidth 1 cycle per 
second, tungsten-light source at a color tempera-
ture of 2870° K interrupted at a low audio-fre-
quency to produce incident radiation pulses alter-
nating between zero and the value stated. The "on" 
period of the pulse is equal to the "off" period. 

4 Determined under the same conditions shown under 
(p) except that use is made of a monochromatic 
source having radiation at 4400 angstroms. 

r Measured between 10 per cent and 90 per cent of 
maximum anode-pulse height. 'This anode-pulse rise 
time is primarily a function of transit-time vari-
ations in the multiplier stages and is measured 
under conditions with an incident-light spot 
approximate)y 1 millimeter in diameter centered on 
the photocathode. 

S 'These values also represent the difference in time 
of transit between the photocathode and dynode No.l 
for electrons simultaneously released from the cen-
ter and from the periphery of the specified areas. 

z 

d~~~~ 
9 

"0 e io 

SHIELD FOCUSING 
ELECTRODE 

INTERNAL CONDUCTIVE 
COATING 

GRILL 

i 
i 

i 
1 
i 1 INCIDENT 

LIGHT 
SEMI-

TRANSPARENT—.{ 
PHOTOCATHODE ~ 

I FACEPLATE 
1 

I-10~ DYNODES 
II : ANODE 42GS-0126R2 

Fig.l -Schematic Arrangement of 
ayge 63U2A Structure. 

OPERATING CONSIDERATIONS 

'The use of an average anode current well 
below the maximum rated value of 2 milliamperes 
is recommended when stability of operation is 
important. 

Electrostatic and/or magnetic shielding of 
the 6342A may be necessary. When a shield is 
used it must be connected to cathode potential. 

The application of high voltage, with respect 
to cathode, to insulating or other materials 
supporting or shielding the 6342A at the photo-
cathode end of the tube should not be permitted 
unless such materials are chosen to limit leakage 
current to the tube envelope to 1x10-12 ampere 
orless. In addition to increasing dark current 
and noise output because of voltage gradients 
developed across the bulb wall, such high voltage 
may produce minute leakage current to the cath-
ode through the tube envelope and insulating 
materials which can permanently damage the 
tube. 

A typical voltage-divider arrangement for 
use with the 6342A is shown in Fig.6. Recom-
mended resistance values for the voltage divider 
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 6342A 

n 

,-"~ 

range from 10,000 ohms per stage to 1,000,000 
ohms per stage. The choice of resistance values 
for the voltage-divider network is usually a 
compromise. If low values of resistance 
per stage are utilized, the power drawn from 
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RANGE OF 
MAXIMUM 
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92CM-10662RI 

Fig.2 - Semi-Logarithmic Presentation 
of 5-11 Response. 

the regulated power supply and the required 
wattage rating of the resistors increase. Photo-
tube noise may also increase due to heating if 
the divider network is near the photocathode. 
The use of resistance values near 1 megohm per 
stage may cause deviation from linearity if the 
voltage-divider current is not maintained at a 
value several times that of the maximum value 
of anode current, and may limit anode-current 
response to pulsed light. The latter effect 
may be reduced by connecting non-inductive type 

capacitors between the tube socket terminals 
for dynodes No.7 and No.$, dynodes No.8 and No. 9, 
dynodes No.9 and No.10, and between dynode No. 10 
and anode. In addition to non-linearity and 
pulse-limiting effects, the use of resistance 

SUPPLY VOLTAGE (E) ACROSS VOLTAGE DIVIDER PROVIDING I/6 
OF E BETWEEN CATHODE AND DYNODE No. I , I/12 OF E FOR 
EACH SUCCEEDING DYNODE STAGE ;AND I/12 OF E BETWEEN 
DYNODE No.10 AND ANODE. FOCUSING —ELECTRODE VOLTAGE 
ADJUSTED TO'G1YE MAXIMUM ANODE CUIfRENT. 
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Fig.3 -Characteristics of Type 6342A. 

values exceeding 1 megohm per stage make the 
6342A more susceptible to leakage effects be-
tween terminals with possible resulting devi-
ation in interstage voltage leading to a loss 
of current amplification. 

The high voltages at which the 6342A is 
operated are very dangerous. Before any part 
of the circuit is touched, the power supply 
switch should be turned off and both terminals 
of any capacitors grounded. 
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6342A  

DYNODE—No.I—TO —CATHODE VOLTS =208 
EACH SUCCEEDING —DYNODE —STAGE VOLTS = 104 
LIGHT SOURCE IS ATUNGSTEN—FILAMENT LAMP 
OPERATED AT COLOR TEMPERATURE OF 2870°K. 

t0 4 N ~ 6 O 
ANODE MILLIAMPERES 

0 a~ 

92CM-8125R4 

Fig.U-Average Anode Characteristics 

of Tyge 63U2A. 
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LIGHT SOURCE 
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DASHED 
TUBE TEMPERATURE=2S 

PROVIDES 

PORTION 

SENSITIVITY 

Nall 
OF 
-ELECTRODE 
ANODE 

VOLTAGE 

I/12 
E BETWEEN 

IS 
AT A 

I/6 
OF 

CURRENT. 
ATUNGSTEN-FILAMENT 
COLOR 

INDICAJES 

IS 
(E) 

OF 
E 

VARIED 

E 
FOR 

VOLTAGE 

TEMPERATURE 

C 

ACROSS 
BETWCEN 
EACH 

DYNODE 

INSTABILITY. 

BY 

ADJUSTED 

ADJUSTMENT 
VOLTAGE 

CATHODE 
SUCCEEDING 
Ns10 

OF 
DIVIDER 

AND 
STAGE; 

ANO ANODE. 
TO GIVE 

LAMP 
OF 2970° K. 

j

-` -~ 1 .. _~, 

O I 
2 4 60 Z 4 4! 0 2 4 6 

~I00 ~ 
4 6~ 

LUM NODS SENSITIVITY—AMPERES~IUMEN 
92CS-8124R1 

Ftig.5 -Typical Anode-Dark-Current Characteristic 

of type 6342A. 
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 6342A 

.—., 

ANODE d 
LOAD 

DYNODE No. 10 CONNECTION 

DY No.9 

R3 C3 
DY No. B 

DY No. 7 

R5 

TO DY No.6 
REGULATED R 
DC POWER 
SUPPLY 

6 
DY No. 5 

7 

T 

8 

10 
(SEE NOTE I) R 

DY No.4 a ANODE 

DY No. 3 
' PHOTO —

2 R9 MULTIPLIER 
DY No.2 II I 

RIO DY No. l 

RII FOCUSING ELECTRODE 

3 
R12 

CATHODE 

/^~ 

92CS-11233 R1 

C 1: 0.05µf, non—inductive type, 400 volts (dc working) 

C2: 0.02 µf, non—inductive type, 400 volts (dc working) 

C3: 0.01 µf, non—inductive type, 400 volts (dc working) 

C4: 0.005µf, non—inductivetype, 400 volts (dcworking) 

R1 through R12: 33,000 ohms, 2 watts 

R13: 2.5 megohms, 2 watts, adjustable 

Note I: Adjustable between approximately 500 and 
1500 volts dc. 

Note 2: Capacitors ClthroughC4 should be connected 
at tube socket for optimum high-frequency performance. 

Fig.6 -Typical Voltage-Divider Arrangement 
for Type 63u2A. 



6342A  

DIMENSIONAL OUTLINE 

FACEPLATE —
(SEE NOTE) 

PHOTOCATHODE—

BASE 
JEDEC GROUP 5, 

N>s BI4-38 

~— 2.00'±.06~—► 
DIA. 

~1,68~MIN.~ 
DIA. 

~— 2.31"MAX, —a 
DIA. 

T 16 
BULB 

4.87,E 
t. 9 

1

5.81' 
MAX. 

92C5-8109R5 

~ OF BULB WILL NOT DEVIATE MORE THAN 2° IN ANY DI—
RECTION FROM THE PERPENDICULAR ERECTED AT THE CENTER 
OF BOTTOM OF THE BASE. 

NOTE: WITHIN 1.68" DIAMETER, DEVIATION FROM FLATNESS 
OF EXTERNAL SURFACE OF FACEPLATE WILL NOT EXCEED 
0.010" FROM PEAK TO VALLEY. 

Pin 1: Dynode No.i 

Pin 2: Dynode No.2 

Pin 3: Dynode No.3 
Pin 4: Dynode No.0 

Pin 5: Dynode No.5 

Pin 6: Dynode No.6 

Pin 7: Dynode No.7 

Pin 8: Dynode No.8 

BASING DIAGRAM 
Bottom View 

DYg 

DYg 

DYq 

DY3 

DY2 

DY7 DYg 
DYg 

DYID 

IC ~DO NOT 
USE) 

DYI K 
DIRECTION OF LIGHT: 

INTO END OF BULB 

14AA 

Pin 9: Dynode Nc.9 

Pin S0: Dynode No. 10 

Pin 11: Anode 

Pin 12: Internal Connection—
Do Not Use 

Pin 13: Focusing Electrode 

Pin 14: Photocathode 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 
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RCA-6655A 

10-Stage, Head-on Type 

5-11 Spectral Response 

RCA~655A is a 10-stage, head-on, 2"diameter 
type of photomultiplier tube intended for use in scin-
tillation counters and for the detection and measurement 
of low-level radiation. 

The spectral response of the 6655A, at the 10-per-
cent points covers the approximate range from 3200 to 
6100 angstroms as shown in Fig.l. Maximum relative 
response occurs at about 4400 angstroms, and peak 
cathode quantum efficiency at about 4200 angstroms. 

SPECTRAL RESPONSE CHARACTERISTICS 
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SENSITIVITY 

i ABSOLUTE 
SENSITIVITY 

i 
I 

II

QUANTUM 
EFFICIENCY i i

3000 4000 

WAVELENGTH- ANGSTROMS 

FEATURES 

• Fast Time Resolution Characteristics — 

Anode-Pulse Rise Time: 
3.1 nanoseconds at 1250 volts 

Electron Transit Time: 
31 nanoseconds at 1250 volts 

• High Current Amplification —
1.6x106 at1000volts 

• Flat Faceplate for Ease in Scintillator Coupling 

DATA 

General: 
Spectral Response   5-11 
Wavelength of Maximum Response .4400 ±500 angstroms 
Cathode, Semitransparent   Cesium-Antimony 

Shape  Curved-Circular 
Minimum projected area   2.2 in2
Minimum diameter   1.68 in 

Window  Lime Glass, Corning° 0080, or equivalent 
Shape  P lano-C one ave 
Index of refraction at 5893 angstroms   1.51 

Dynodes: 
Substrate  Nickel 
Secondary-Emitting Surface  Cesium-Antimony 
Structure  Circular-Cage 

Direct Interelectrode Capacitances (Approx:): 
Anode to dynode No.10 4  4 pF 
Anode to all other electrodes 7  0 pF 

Maximum Overall Length  5.81 in 
Seated Length   4.87 ±0.19 in 
Maximum Diameter 2  31 in 
Bulb  T16 
Base  

Socket  
Magnetic Shield . . 
Operating Position 
Weight (Approx.)  

Medium-Shell Diheptal 14-Pin, (JEDEC 
Group 5, No.B14-38), Non-hygroscopic 
Lorangerb Part No.2274, or equivalent 
Millen Part No.80802B, or equivalent 

  Any 

5 2 oz 

Maximum 

DC Supply Voltage: 
Between anode and cathode  1250 max. volts 
Between anode and dynode No.10   250 max. volts 
Between consecutive dynodes   200 max. volts 
Between dynode No.l and cathode  300 max. volts 

500o soon T000 getweenfocusing electrode and 
cathode  300 max. volts 

92LM-1481 
Average Anode Currents  0  75 max. mA 

Fig.l Ambient Temperaturef   75 max. ° C 

Trademarks) OQ Registered 

Marca(s) Regisfrada(s) 

RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Harrison, N. 1. 

6655A 6/66 

Supersedes 6655A 5/66 
Printed in U.S.A. 



6655A 

Characteristics Range Values for Equipment Design: 

Under conditions with do supply voltage (E) across 

voltage divider providing 1/6 of E between cathode 

and dynode No.l; 1/12 of E for each succeeding 

dynode stage; and 1/12 of E between dynode No.10 

and anode. Focusing-electrode voltage is adjusted to 

that value between ZO and 60 per cent of dynode No.l 

potential (referred to cathode) which provides maximum 
anode current. 

With E= 1000 volts (Except as noted) 

Min. Typical Max. 
Sensitivity: 

Radiant9 at 4400 
angstroms   — 9.6x104 —

Cathode radianth at 

4400 angstroms  — 0.061 — A/W 
Luminousi   10 120 300 A/lm 
Cathode luminous: 

With tun sten light 
source`   4x10

-5 
7.6x10

-5 
— A/lm 

With blue light 
source"'  4x10 — — A 

Cathode quantum 
efficiency at 4200 

angstroms — 

Current Amplification . 
Equivalent Anode-Dark-

Current Input" 

Anode Dark Current"' p  

Equivalent Noise 
Inputr 

A/W 

17 — % 

1.6x106

3.0x10
-lOp 2x10~p lm 

3.7x10-13q 2.5x10-12q qr 
6x10

-g — A 

8x10-13 2.7x10-11 lm 
1x10-15 q 3.4x10-14q ~y 

Anode-Pulse Rise 

Times   — 3.4x10 — sec 

Electron Transit 
Timer   — 3.4x10$  — sec 

° Made by Corning Glass Works, Corning, New York. 

E'Made by Loranger Manufacturing Corporation, 36 Clark 
Street, Warren, Pennsylvania. 

° Made by James Mi1lenManufacturingCompany, 150 Exchange 
Street, Malden 48, Massachusetts. 

dThe maximum ratings in the tabulated data aze established 
in accordance with the following definition of the Absolute-
MaximumRatingSystem for rating electron devices. Absolute-
Maximum ratings are limiting values of operating and envi-
ronmental cunditions applicable to any electron device of a 

specified type as defined by its published data, and should 

not be exceeded under the worst probable conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no respon-

sibility for equipment variations, environment variations, 
and the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that initially 
and throughout life no Absolute-Maximum value for the 
intended service is exceeded with any device under the 

worst probable operating conditions with respect to supply-

voltage variation, equipment component variation, equipment 
controladjuatment, load variation, signal variation, environ-
mental conditions, and variations in device characteristics. 

eAveraged over any interval of 30 seconds maximum. 

f Tube operation at room temperature or below is recommended. 

9This value is calculated from the typical value for luminous 

sensitivity using a conversion factor of 804 lumens per watt. 

hThis value is calculated from the typical value for cathode 

luminous sensitivity using a conversion factor of 804 lumens 

per watt. 

i Under the following conditions: The light source is a 

tungsten-filament lamp having a lime-glass envelope. It 

is operated at a color temperature of 2870°  K and a light 

input of 10 microlumena is used. 

kUnder the following conditions: The light source is a 

tungsten-filament lamp having a lime-glass envelope. It 

is operated at a color temperature of 2870°  K. The value 

of light flux is 0.01 lumen and 200 volts are applied be-

tween cathode and all other electrodes connected as anode. 

"'Under the following conditions: Light incident onthe cathode 

is transmitted through a blue filter (Corning C.S. No.S-58, 

Glass Code No.5113 polished to 'Fi stock thickness—Manu-

factured by the Corning Glass Works, Corning, New York) 

from atungsten-filament lamp operated at a color temperature 

of 2870°  K. The value of light flux incident on the filter is 

0.01 lumen and 200 volts are applied between cathode and 

all other electrodes connected as anode. 

"Measured at a tube temperature of 22°  C. Dark current may 

be reduced by use of a refrigerant. 

plVleasuredwith supplyvoltage(E) adjusted to give a luminous 

sensitivity of 20 amperes per lumen. Dark current is mea-

sured with no incident light on tube. 

qAt 4400 angstroms: This value is calculated from the rating 
in lumen using a conversion factor of 804 lumens per watt. 

r Under the following conditions: Supply voltage (E) is as 
shown, 22°  C tube temperature, external shield connected 
to cathode, bandwidth 1 Hz, tungsten-light source at a color 

temperature of 2870°  K interrupted at a low audio-frequency 

to produce incident radiation pulses alternating between 

zero and the value stated. The "on" period of the pulse 

is equal to the "off ' period. 

sMeasured between 10 per cent and 90 per cent of maximum 
anode-pulse height. This anode-pulse rise time is primazily 
a function of transit time variation and is measured under 

conditions with the incident light fully illuminating the 
photocathode. 

t The electron transit time is the time interval between the 

arrival of a delta function light pulse at the entrance window 

of the tube and the time at which the output pulse at the 

anode terminal reaches peak amplitude. The transit time 

is measured under conditions with the incident light fully 

illuminating the photocathode. 

OPERATING CONSIDERATIONS 

Operating Stability: 

The operating stability of the 6655A is dependent 
on the magnitude of the anode current. The use of an
average anode current well below the maximum rated 
value of 0.75 milliampere is recommended when stability 
of operation is important. When maximum stability is 
required, average anode current should not exceed 10 
microamperes. 
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SCHEMATIC ARRANGEMENT OF STRUCTURE 

INTERNAL CONDUCTIVE 
COATING I 

GRILL `~~ I~ 

- 7 
I 

SEMI-
TRANSPARENT -r~~ 
PHOTOCATHODE ~ 

SHIELD FOCUSING 
ELECTRODE 

INCIDENT 
LIGHT 

+FACEPLATE 

I - to DrNooEs 
u ANODE 92C5-8126R2 

Fig.2 
Operating Voltages: 

In general, the operating potential between anode 
and cathode should not be less than 500 volts. 

The voltage between dynode No.10 and anode 
should be kept as low as will permit operation over 
the knee of the anode characteristic curves shown in 
Fig.5. With low operating voltage between dynode 
No.10 and anode, the ohmic leakage current to the 
anode is reduced. Operation over the knee occurs in 
the approximate range of 50 to 100 volts for the light 
level ranges shown in Fig.5. However, when high pulse 
currents are drawn, saturation results from space-charge 
limitations and higher voltage will be required. To 
obtain the suggested operating voltage between dynode 
No.10 and anode, it is necessary to increase the sup-
ply voltage between these electrodes by an amount 
equal to the voltage drop across a particular output load. 

In applications where minimum electron transit 
time spread and more efficient collection of photo-
electrons from cathode by dynode No.l are desired, 
the potential between cathode and dynode No.l may 
be increased to the rated maximum value of 300 volts. 

TYPICAL TIME-RESOLUTION CHARACTERISTICS 
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SUPPLY VOLTAGE (E) ACROSS VOLTAGE DIVIDER PROVIDING 
I/6 OF E BETWEEN CATHODE AND DYNODE N0.1; I/12 OF E 
FOR EACH SUCCEEDING DYNODE STAGE; AND I/12 OF E 
BETWEEN DYNODE NO 10 AND ANODE. 

FOCUSING ELECTRODE IS CONNECTED TO DYNODE N0. I POTENTIAL. 
PHOTOCATHODE IS FULLY ILLUMINATED. 

TIME  TRANSIT 

TIME RISE 

500 6 7 8 9 1000 2 3 41500 
SUPPLY VOLTS (E)BETWEEN ANODE AND CATHODE 

Fig.3 

The operating voltages for the 6655A can be sup-
plied by spaced taps on a voltage divider across a 
regulated do power supply. Atypical voltage~livider 
arrangement for use with the 6655A is shown in Fig.8. 
The choice of resistance values for the voltage~livider 
string is usually a compromise. If low values of resis-
tance per stage are utilized, the power drawn from the 
supply and the required wattage rating of the resistors 
increase. Phototube noise may also increase, due to 
heating, if the divider network is mounted near the tube. 
The use of high values of resistance per stage may 
cause deviation from linearity, if the voltage-divider 
current is not maintained at a value of at least 10 
times that of the maximum average anode current, and 
may limit anode current response to pulsed light. 

TYPICAL SENSITIVITY AND CURRENT 
AMPLIFICATION CHARACTERISTICS 

SUPPLY VOLTAGE (E) ACROSS A VOLTAGE DIVIDER PROVIDING I/6 OF 
E BETWEEN CATHODE AND DYNODE N0. 1; I/12 OF E FOR EACH SUC-
CEEDING DYNODE STAGE; AND I/12 OF E BETWEEN DYNODE NO. 10 
AND ANODE. FOCUSING-ELECTRODE VOLTAGE IS ADJUSTED TO THAT 
VALUE BETWEEN 10 AND 60 PER CENT OF DYNODE NO. 1 POTENTIAL 
(REFERRED TO CATHODE) WHICH PROVIDES MAXIMUM ANODE CUR-
RENT. 
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6655A _ 

When the ratio of peak anode current to average 
anode current is high, noninductive high-quality capa-
citors should be employed across the latter stages of 
the tube. The values of these capacitors should be
chosen so that sufficient charge is available to pre-
vent achange of more than a few per cent in the inter-
stage voltages during the pulse duration. 

The high voltages at which the 6655A is operated 
are very dangerous. Care should be taken in the design 
of apparatus to prevent the operator from coming in 
contact with these high voltages. Precautions should 
include the enclosure of high-potential terminals and 
the use of interlock switches to break the primary 
circuit of the high-voltage power supply when access 
to the apparatus is required. 

TYPICAL ANODE CHARACTERISTICS 

DYNODE N0. I TO-CATHODE VOLTS=167 
EACH SUCCEEDING DYNODE STAGE VOLTS=83 
LIGHT SOURCE IS A TUNGSTEN-F LAMENT LAMP OPERATED 
AT COLOR TEMPERATURE OF 2870' K 

O 
M 

n p ~? p a 
N N - _ C 

ANODE CURRENT-MILLIAMPERES 92LM-1494R1 

Fig.S 

O 

In the use of the 6655A, as with other tubes re-
quiring high voltages, it should always be remembered 
that these high voltages may appear at points in the 
circuit which are normally at low potential, because 
of defective circuit parts or incorrect circuit connec-
tions. Therefore, before any part of the circuit is 
touched, the power-supply switch should be turned 
off and both terminals of any capacitors grounded. 

Dark Current: 

A very small anode dark current is observed when 
voltage is applied to the electrodes of the 6655A in 
complete darkness. Among the components contributing 
to dark current are ohmic leakage between the anode 

TYPICAL DARK CURRENT AND 
EADCI CHARACTERISTICS 

LUMINOUS SENSITIVITY IS VARIED BY ADJUSTING THE SUPPLY VOLTAGE 
(E) ACROSS A VOLTAGE DIVIDER PROVIDING I/6 OF E BETWEEN CATHODE 
AND DYNODE N0.1; 1/12 OF E FOR EACH SUCCEEDING DYNODE STAGE; 
AND 1/12 OF E BETWEEN DYNODE N0. 10 AND ANODE. 
FOCUSING-ELECTRODE VOLTAGE IS ADJUSTED TO THAT VALUE 
BETWEEN 10 AND 60 PER CENT OF DYNODE N0. I POTENTIAL (REFERRED 
TO CATHODE) WHICH PROVIDES MAXIMUM ANODE CURRENT. 
LIGHT SOURCE IS ATUNGSTEN-FILAMENT LAMP OPERATED AT A COLOR 
TEMPERATURE OF 2870° K. 
TUBE TEMPERATURE=22°C. 
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 6655A 

and adjacent elements and pulses produced by elec-
trons thermionically released from the cathode, secon-
dary electrons released by ionic bombardment of the 
dynodes, support rods, or cathode, and by cold emission 

from the electrodes. 

For optimum tube performance it is recommended 
that the 6655A be operated at or below room tempera-
ture. Dark current may be reduced by use of a refrig-
erant such as dry ice. 

A temporary increase in anode dark current by as 
much as 2 orders of magnitude may occur if the 6655A 
is exposed momentarily to high-intensity ultraviolet 
radiation from sources such as fluorescent room lighting 
even though voltage is not applied to the tube. The 
increase in dark current may persist for a period of 24 
to 48 hours following such irradiation. 

Shielding: 

Electrostatic and/or magnetic shielding of the 
6655A may be necessary. 

An external electrostatic shield, in contact with 
the sides of the glass envelope and connected to a 
negative do potential essentially the same as that of 
the photocathode, should be employed in those appli-
cations where it is desired to reduce the equivalent 
noise input of the 6655A to a minimum. 

The application of high voltage, with respect to 
cathode, to insulating or other materials supporting or 
shielding the 6655A at the photocathode end of the 

tube should not be permitted unless such materials 
are chosen to limit leakage current to the tube enve-
lope to 1 x 10-12 ampere or less. In addition to in-
creasingdark current and noise output because of volt-
age gradients developed across the bulb wall, such 
high voltage may produce minute leakage current to 
the cathode through the tube envelope and insulating 
materials which can permanently damage the tube. 

Magnetic shielding of the 6655A is necessary if it 
is operated in the presence of strong magnetic fields. 

Adequate light shielding should be provided to 
prevent extraneous light from reaching any part of the 
6655A. 

It is to be noted that the use of an external mag-
netic and/or electrostatic shield at high negative 
potential presents a safety hazard unless the shield is 
connected through a high impedance in the order of 10 
megohms to the negative-potential source. If the shield 
is not so connected, extreme care should be observed 

in providing adequate safeguards to prevent personnel 
from coming in contact with the high potential of the 
shield. 

SPECTRAL ENERGY DISTRIBUTION OF 
2870° K LIGHT SOURCE AFTER PASSING 

THROUGH BLUE FILTER 

SPECTRAL CHARACTERISTIC OF LIGHT FROM 
2870^ K SOURCE AFTER PASSING THROUGH BLUE 
FILTER (CORNING C.S. Nay-58 POLISHED TO I/2 
STOCK THICKNESS). 
MAXIMUM FILTER TRANSMISS ON OCCURS AT 
4300 ANGSTROMS AND IS 60 PER CENT. 
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Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 
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Ri CI

ANODE RETURN 

DYNODE No. 10 

DY No.9 

DY No. B 

DY No.7 

O 
TO DY No.6 

REGULATED 
DC POWER 

R6 6 
DY No. 5 

7 e 

SUPPLY 
(SEE NOTE 1) R7

DY No.4 
Q 

R8
DY No. 3 

2 
R9

DY No.2 la 

R10 DY No. I 

RII FOCUSING ELECTRODE 

13 
R12 

CATHODE 

TYPICAL VOLTAGE DIVIDER ARRANGEMENT 
b 

LOAD 
CONNECTION 

to 

 ANODE 

PHOTO-
MULTIPLIER 

92LS-1487 

Fig.8 

C1, C2: 0.01 µFnon-inductive type, 400 volts (dc working)—
Valuesdependent on amplitude and duration of pulse. 
(See page 4.) 

Rl  through R12: 33,000 ohms, 2 watts (See Operating Volt-
ages -page 3.) 

R13: 2.5 megohms, 2 watts, adjustable (See Operating Volt-
age s -page 3. ) 

Note 1: Adjustable between approximately 500and1250volts 
dc. 

DIMENSIONAL OUTLINE 

FACEPLATE—
(SEE NOTE) 

PHOTOCATHODE—

BASE 
JEDEC GROUP 5, 

No. 814-38 

~- 2.00 ±.06 ->. 
DIA. 

X 1.68 MIN. _ 
DIA. 

~- 2.31 MAX, —>r 
DIA. 

T16 
BULB 

4.87 
t.19 

1

5.81 
MAX. 

DIMENSIONS IN INCHES 

92C5-8109R6 

of bulb will not deviate more than 2°  in any direction from 
the perpendicular erected at the center of bottom of the base. 

Note: Within 1.68" diameter, deviation from flatness of ex-
ternal surface of faceplate will not exceed 0.010" from peak 
to valley. 

BASING DIAGRAM 
Bottom View 

DY7 DYg 
DYg O O DYg 

Pin 1: Dynode No.l O~i~~►O Pin 9: Dynode No.9 
Pin 2: Dynode No.2 

DY5 _ DYIO Pin 10: Dynode N o.10 
Pin 3: Dynode No.3 Pin 11: Anode 

DYg Pin 4: Dynode No.4 P Pin 12: Internal Connection -

Pin 5: Dynode No.5 Do not use 

Pin 6: Dynode No.6 
DY3 ~C (DO NOT 

USE) Pin 13: Focusing Electrode 

Pin 7: Dynode No.7 DYp G Pin 14: Photocathode 

Pin 8: Dynode No.8 DYI 
DIRECTION OF RADIATION: 

INTO END OF BULB 

14AA 
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Photomultiplier IRCA-6810A 

Tube 

2~=Diameter, 14Stage, Head-On Type Having S-11 Spectral Response. 
-s~• 

RCA-6810A is a 2"-diameter, 14stage, photomultiplier 
tube having 5-11 spectral response and high-stability 
copper-beryllium dynodes. It is intended for use in 
scintillation counting and other low-level light detec-
tion and measurement applications. 

,,~ •Quantum Efficiency (Typical) : 

16% at 4200 angstroms 

✓~~ 

• Copper-Beryllium Dynodes for High Stability 

• Flat Entrance Window 

• 1.68"Minimum Diameter Photocathode 

s Typical Time Resolution Characteristics: 

Anode-Pulse Rise Time -3.1 x 10'9 s at 2400 V 

Electron Transit Time -4.4 x 10
-8 

s at 2400 V 

5-11 

Wavelength of Maximum Response   4400 ± 500 A 

Cathode, Semitransparent   Cesium-Antimony 

Minimum projected area 2  2 in2 (14.2 cm2) 

Minimum diameter   1.68 in (4.2 cm) 

Window   Corning°  No.0080, or equivalent 

Shape   Plano-Concave 

Index of refraction at 4360 angstroms  1.523 

Dynodes: 

Substrate   Copper-Beryllium 

Secondary-Emitting Surface   Beryllium-Oxide 

Structure   In-Line, Electrostatic-Focus Type 

Direct Interelectrode Capacitances (Approx.): 

Anode to dynode No.14  

Anode to all other electrodes   6 pF 

Dynode No.I4 to all other electrodes   7.5 pF 

Maximum Overall Length   7.5 in (19 cm) 

Seated Length   6.69 in (17 cm) ± 0.19 in 

Maximum Diameter 

Data 
General: 

Spectral Response  

2.8 pF 

Typical Spectral Response Characteristics 
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2.38 in (6 cm) Figure 1 

RELATIVE 
SENSITIVITY 

ABSOLUTE 
SENSITIVITY 

QUANTUM 
EFFICIENCY 

3000 4000 5000 6000 
WAVELENGTH—ANGSTROMS 

92LM-IS31RI 

7000 

Information furnished by RCA is believed to be accurate and reliable. However, no responsibi lity is assumed by RCA for its use; nor for any infringements of 
patents or other rights of third parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of RCA. 
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Data (Cont'd.) 

Bulb   T 16 
Base . . . .Small-Shell Bidecal 20-Pin, JEDEC No.B20-102 

Socket   Aldenb Part 220FTC, or equivalent 

Magnetic Shield   Millenc No.80802E, or equivalent 

Operating Position   Any 

Weight (Approx.)   8 oz (226 g) 

Maximum Ratings, Absolute-Maximum Values: d 

DC Supply Voltage: 

Between anode and cathode   2400 max. 

Between anode and dynode No.14   400 max. 

Between consecutive dynodes   500 max. V 

Between accelerating electrode and 
grid No. 13   ±500 max. 

Between dynode No.l and cathode  400 max. 

Between focusing electrode and cathode 400 max. 

Average Anode Cun•ente   2 max. mA 

Ambient Temperaturef   75 max. ° C 

Characteristics Ronge Values for Equipment Design: 
Voltage Distribution A, Table 1 

With E =2000 volts (Except as noted) 

Anode Sensitivity: 

—~Radiantg at 
4400 angstroms  

~Luminoush
(2870°  K) 4.8 x 102

Cathode Sensitivity: 

Radiant s at 
4400 angstroms . — 0.056 

Luminousk
(2870° K) 

Current with blue 
light source"' 
(2870° K + C.S. 
No.5-58)   5 x 10 8 7 x 10 8

= Quantum Effici-
ency at 
4200 angstroms . — 16 

Current Amplifi-

Min. Typical Max. 

5x105 7x10
-5

cation  — 5.4 x 107

—Anode Dark 6 Current  — 1 x 10 

—Equivalent Anode 
Dark Current 
Inputn 

- Equivalent Noise 
Input9 

—Anode-Pulse Rise 
Time s at 2400 V. . 

~Elect tron Transit 
Time at 2400 V . . 

{- 
3= 

5x 

6.2 x 

3.3 x 

4.1 x 

10 10 

10 13p 

10 12 

10 15r

— 3.1x10 9

— 4.4x108

Indicates a change or addition. 

3x106

3.8x103 2x104

3 x 10
-6

1.5x10 9

1.8 x 10 12p 

V 

V 

V 

A/W 

A/lm 

A/W 

A/lm 

A 

A 

lm 

W 

lm 

W 

s 

a 

° Made by Corning Glass Works, Corning, NY 14830. 
b Made by Alden Products Co., 262 N. Main Street, Brock-

ton, MA 02403. 

c Made by James Millen Manufacturing Company, 150 Ex-
change Street, Malden, MA 02148. 

d The maximum ratings in the tabulated data are estab-
lished in accordance with the following definition of the 
Absolute-Maximum Rating System for rating electron 
devices. 

Absolute-Maximum ratings are limiting values of operating 
and environmental conditions applicable to any electron 

V device of a specified type as defined by its published 

V data, and should not be exceeded under the worst probes- 
ble conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no respon-
sibility for equipment variations, environment variations, 
and the effects of changes in operating conditions due to 
variations in device chazacteristics. 

The equipment manufacturer should design so that initi-
ally and throughout life no Absolute-Maximum value foc 
the intended service is exceeded with any device under 
the worst probable operating conditions with respect to 
supply voltage variation, equipment component variation, 
equipment control adjustment, load variation, signal 
variation, environmental conditions, and variations in 
device characteristics. 

e Averaged over any interval of 30 seconds maximum. 

~ Tube operation at room temperature or below is recom-
mended. 

g This value is calculated from the typical anode luminous 
sensitivity rating using a conversion factor of 803 lumens 
per watt. 

h Under the following conditions: The light source is a 
tungsten-filament lamp having slime-glass envelope. It 
is operated at a color temperature of 2870°  K and a light 
input of 0.1 microlumen is used. 

s This value is calculated from the typical cathode luminous 
sensitivity rating using a conversion factor of 803 lumens 
per watt. 

k Under the following conditions: The light source is a 
tungsten-filament lamp having slime-glass envelope. It 
is operated at a color temperature of 2870° K. The value 
of light flux is 0.01 lumen and 200 volts are applied 
between cathode and all other electrodes connected as 
anode. 

'"Under the following conditions: Light incident on the 
cathode is transmitted through a blue filter (Corning 
C.S. No.5-58, polished to 1/2 stock thickness—Manu-
factured by the Corning Glass Works, Corning, NY) from 
a tungsten-filament lamp operated at a color temperature 
of 2870°  K. The value of light flux incident on the filter 
is 0.01 lumen and 200 volts are applied between cathode 
and all other electrodes connected as anode. 

n At a tube temperature of 22° C. With supply voltage ad-
justed to give a luminous sensitivity of 2000 amperes per 
lumen. Dark current caused by thermionic emission may 
be reduced by use of a refrigerant. Dark current is meas-
ured with incident light removed. 
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 6810A 

p At 4400 angstroms. These values are calculated from the 
EADCI values in lumens using a conversion factor of 
803 lumens per watt. 

9 Under the following conditions: Tube temperature 22°  C, 
external shield connected to cathode, bandwidth 1 Hz, 
tungsten-light source at a color temperature of 28700 K 
interrupted at a low audio frequency to produce incident 
radiation pulses alternating between zero and the value 
stated. The "on" period of the pulse is equal to the 
"off 'period. 

r At 4400 angstroms. This value is calculated from the ENI 
value in lumens using a conversion factor of 803 lumens 
per watt. 

s Measured. between 10 per cent and 90 per cent of maxi-
mum anode-pulse height. This anode-pulse rise time is 
primarily a function of transit time variation and is meas-
ured under conditions with the incident light fully illum-
inating the photocathode. 

t The electron transit time is the time interval between the 
arrival of a delta function light pulse at the entrance 
window of the tube and the time at which the output pulse 
at the anode terminal reaches peak amplitude. The transit 
time is measured under conditions with the incident light 
fully illuminating the photocathode. 

Table 1 

Voltage Distribution 

Between the fol- 
lowing E►ectrodes: 
Cathode (K), 
Dynode (Dy), 
and Anode (P) 

A B 

5.4% of Supply 
Voltage (E) 
multiplied by 

6.06% of Supply 
Voltage (E) 
multiplied by 

K-Dyl 
Dyl - Dy2 
Dy2 -Dy3 
Dy3 -Dy4 
Dy4 -Dy5 
Dy5 - Dy6 
Dy6 -Dy7 
Dy7 -Dy8 
Dy8 -Dy9 
Dy9 - Dy 10 
Dy10 - Dyll 
Dy 11 - Dy 12 
Dy12 - Dy13 
Dy13 - Dy14 
Dy 14 - P 
Dyl-P 
K- P 

2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1.25 
1.5 
1-75 
2 
— 

18.5 

~ 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1.25 
1.5 
1.75 
2 

16.5 
— 

Focusing electrode is connected to arm of potentiometer 
between cathode and dynode No. l; the focusing electrode 
voltage is varied to give maximum anode current. 

+Cathode-to-dynodeNo.l vpltage is maintained at 360 volts. 

Operating Considerations 

Terminal Connections 

The base pins of the 6810A fit a bidecal 20-contact 
socket, such as Alden No.220FTC or equivalent. 

The socket shouldbe made of high-grade, low-leakage 
material. 

Anode Current 

The operating stability of the 6810A is dependent on 
the magnitude of the anode current. The use of an
average anode current well below the maximum rated 
value of 2 milliamperes is recommended when stability 
of operation is important. When stability is of prime 
importance, the use of an average anode current of 10 
microamperes or less, commensurate with satisfactory 
output signal, is recommended. 

Dark Current 

A very small anode dark current is observed when 
voltage is applied to the electrodes of the 6810A in 
complete darkness. Among the components contributing 
to dark current are ohmic leakage between the anode 
and adjacent elements and pulses produced by elec-
trons thermionically released from the cathode, sec-
ondary electrons released by ionic bombardment ofthe 
dynodes, support rods, or cathode, and by cold emis-
sion from the electrodes. 

Typical anode dark current and EADCI as a function 
of luminous sensitivity at a temperature of +22°  C is 
shown in Figure 5. 

A temporary increase in anode dark current by as 
much as 3 orders of magnitude may occur if the tube 
is exposed momentarily to high-intensity ultraviolet 
radiation from sources such as fluorescent room 
lighting even though voltage is not applied to the 
tube. The increase in dark current may persist for a 
period of 24 to 48 hours following such irradiation. 

For optimum tube performance it is also recommended 
that the 6810A be operated at or below room tempera-

ture. Dark current may be reduced by use of a refrig-
erant such as dry ice. 

Shielding 

Electrostatic shielding of the tube is ordinarily 
required. When a shield is used, it must be connected 
to the cathode terminal. The application of high volt- 
age, with respect to cathode, to insulating or other 

materials supporting or shielding the tube at the 
photocathode end should not be permitted unless such 
materials are chosen to limit leakage current to the 
tube envelope to 1 x 10"12 ampere or less. 

3 



6810A 

In addition to increasing dark current and noise output 
because of voltage gradients developed across the 
bulb wall, such high voltage may produce minute 
leakage current to the cathode, through the tube en-
velope andinsulating materials, whichcanpermanently 
damage the tube. 

Ambient Atmosphere 

Operation or storage of this tube in environments 
where helium is present should be avoided. Helium 
may permeate through the tube envelope and may lead 
to eventual tube destruction. 

Operating Voltages 

In general, the operating potential between anode and 
cathode should not be less than 800 volts. 

The operating voltage between dynode No.14 and 
anode should be kept as low as will permit operation 
over the knee of the anode characteristic curves 
shown in Figure 6. With low operating voltage be-
tween dynode No.14 and anode, the ohmic leakage 
current to the anode is reduced. Operation over the 
knee occurs in the approximate range of 50 to 75 volts 
for the light level range shown in Figure 6. Under high 
pulse current conditions, saturation due to space-
charge limitations will occur and higher voltage will 
be required. To obtain the suggested operating voltage 
between dynode No.14 and anode, it is necessary to 
increase the supply voltage between these electrodes 
by an amount equal to the voltage drop across a par-
ticular output load. 

Typical Time-Resolution Characteristics 
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Figure 2 

To optimize the magnitude and uniformity of response, 
the focusing-electrode potential should be adjusted 
to that value which provides maximum anode current. 
The focusing electrode may be connected to the arm 
of a potentiometer as shown in Figures 7 and 8. 

A typical focusing-electrode characteristic for the 
6810A is shown in Figure 3. 

The accelerating electrode, when operated at a suit-
able potential with respect to dynode No. 13, serves 
to minimize the effect of space charge in the region 
of dynode No.12. Provision should be made to adjust 
the accelerating-electrode voltage over a range ex 
tending from the value at which dynode No.13 operates 
to that at which the anode operates. 

The adjustment may be accomplished by means of a 
high-resistance potentiometer connected between the 
voltage-divider tap for dynode No.13 and the anode `„/ 
end of the voltage divider. Since the accelerating 
electrode draws at most only negligible current, the 
potentiometer can have sufficiently high resistance 
so that it will not substantially affect the voltage 
distribution at the taps of the shunted section of the 
divider. Within the specified adjustment range, it will 
be found that the accelerating-e)ectrode voltage may 
be adjusted to obtain either maximum gain or maximum 
peak output current. In general, the adjustment to 
apply the highest voltage to the accelerating electrode 
will permit the highest peak current with some sacri-
fice in gain. 

Typical Focusing Electrode Characteristic 
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  6810A 

In applications where it is desired to keep the sta-
tistical fluctuations to a minimum, e.g., as in nuclear 
radiation spectroscopy, the potential between cathode 
and dynode No.l may be increased to the rated maxi-
mum value of 500 volts. 

Typical voltage-divider arrangements for use with the 
68IOA are shown in Figures 7 and 8. Recommended 
resistance values for the voltage divider range from 
10 kilohms per stage to 10 megohms per stage. The 
choice of resistance values for any voltage-divider 
network is usually a compromise. If low values of 
resistance per stage are utilized, the power drawn 
from the regulated power supply and the required 

SensitivityandCurrent Amplification Characteristics 

VOLTAGE DISTRIBUTION A OR B AS SHOWN ON CURVE , TABLE I . 
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power rating of the resistors increase. Phototube 
noise may also increase due to .heating if the divider 
network is mounted near the photocathode. The use of 
high resistance values per stage may cause deviation 
from linearity if the voltage-divider current is not 
maintained at a value of at least 10 times that of the 
maximum value of average anode current, and may 
limitanode-current response to pulsed light. The latter 
effect may be reduced by connecting capacitors be-
tween the tube socket terminals for dynodes Noll 
and No.12, dynodes No. 12 and No.13, dynodes No. 13 
and No.14, and between dynode No.14 and anode 
return. 

Typical EADCI ondAnode Dark CurrentCharacteristics 

LUMINOUS SENSITIVITY IS VARIED BY ADJUSTMENT OF THE SUPPLY VOLT-
AGE (E) ACROSS VOLTAGE DIVIDER WHICH PROVIDES VOLTAGES AS FOLLOWS 

BETWEEN 5.4 % OF E 
MULTIPLIED BY 

CATHODE AND FOCUSING ELECTRODE 
CATHODE AND DYNODE No. l (DYI) 
DYI d DY2 
DY29 DY3 
DY3 B DY4 
DY4 8 DY5 
DY5 9 DY6 
DY6 d DY7 
DY7 8 DYB 
DY8 9 DY9 
DY9 B DYIO 
DY10 Bi DYI I 
DYI I A DYI2 
DY129 DYI3 
DYI3 9 DYI4 
DYI4 8 ANODE 
ANODE B CATHODE 
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.75 
2 
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TEMPERATURE OF 2870'x. 
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Leads to all capacitors should be as short aspossible 
to minimize inductance effects. 

The capacitor values across the dynode stages will 
depend upon the shape andthe amplitude ofthe anode-
current pulse, and the time duration of the pulse, or 

train of pulses. When the output pulse is assumed to 
be rectangular in shape, the following formula applies. 

C = 100 —i t 
V 

where C is in farads 

i is the amplitude of anode current 
in amperes 

V is the voltage across the cap-
acitor in volts 

and t is the time duration of the pulse 
in seconds 

This formula applies for the anode-to-final dynode 
capacitor. The factor 100 is used to limit the voltage 
change across the capacitor to 1% maximum during a 
pulse. Capacitor values for preceding stages should 
take into account the smaller values of dynode cur-
rents in these stages. Conservatively, a factor of 

approximately 2 per stage is used. Capacitors are not 
required across those dynode stages where the dynode 
current is less than 1/10 of the current through the 
voltage-divider network. 

For other shaped pulses or for a train of pulses, the 
total charge q should be substituted for (i•t) and the 
following formula applies: 

C = 100 
V 

where q =f i(t) dt coulombs 

In addition to nonlinearity and pulse-limiting effects, 
the use of resistance values exceeding 10 megohms 
per stage make the 6810A more susceptible to leakage 
effects between terminals with possible resulting 
deviation in interstage voltage leading to a loss of 
current amplification. 

Voltage Distribution B is recommended where high 
dynode-No.l gain is important, such as low light 
level and scintillation counting applications. Voltage 
Distribution B maintains the cathode to dynode-No.l 
voltage constant at 360 volts; it is especially useful 
when the supply voltage is adjusted over a wide 
range to achieve large changes in anode sensitivity. 
A suggested circuit using voltage distribution B is 
shown in Figure 8. 

The high voltages at which the 6810A is operated 
are very dangerous. Care should be taken in the 

design of apparatus to prevent the operator from coming 
in contact with these high voltages. Precautions 
should include the enclosure of high-potential termi-

nals end the use of interlock switches to break the 
primary circuit of the high-voltage power supply when 
access to the apparatus is required. 

In the use of the 6810A as with other tubes requiring 
high voltages, it should always be remembered that 
these high voltages may appear at points in the circuit 
which are normally at low potential, because of de-
fective circuit parts or incorrect circuit connections. 
Therefore, before any part of the circuit is touched, 
the power-supply switch should be turned off and both 
terminal s of any capacitors grounded. 

Typical Anode Characteristics 

CATHODE -TO-FOCUSING 
CATHODE-TO-DYNODE 
DYI - TO -DY2 
DY2- TO - DY3 

ETC. TO 
DY10-TO-DYII 

LIGHT SOURCE IS 
COLOR TEMPERATURE 

ELECTRODE VOLTS ° 173 
Nol (DYI) VOLTS = 216 

DYI I -TO-DYI2 VOLTS = 135 

VOLTS= 108 DYI2-TO-DYI3 VOLTS = 160 
DYI3-TO-DYI4 VOLTS=189 
GRID No.2 VOLTS ADJUSTED TO 

GIVE MAX. ANODE CURRENT. 
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Typical Voltage-Divider Arrangement 

PHOTOCATHODE 

I 

R 
Rp 

R4 

RS 

Rg 

R7 

~ Rg 

REGULATED Rg 
DC POWER 

SUPPLY RIO 
+~ 

RII 

R12 

R13 

RI4 

RIS 

R16 

R17 

R~ 

R19 

FOCUSING ELECTRODE 

DYNODE N?I 

DYNODE N'2 

DYNODE N~3 

DYNODE N'4 

DYNODE NQS 

DYNODE N'6 

DYNODE N~10 

DYNODE N"II 

2 DYNODE Nsl2 

T~ 3 DYNODE N?13 

Cq

DYNODE N?14 

~'S R 20 

PHOTOMULTI-
PLIER 
TUBE 

ANODE 

1 
OUTPUT ~RL 

Cg 92LS-3008 

ACCELERATING 
ELECTRODE 

C1: 25 pF, 20%, 600 volts (dc working), ceramic disc 
C2: 50 pF, 20%, 600 volts (dc working), ceramic disc 
C3: 100 pF, 20%, 600 volts (dc working), ceramic disc 
C4: 250 pF, 20%, 600 volts (dc working), ceramic disc 
C5: 500 pF, 20%, 600 volts (dc working), ceramic disc 
C6: 100 pF, 20%, 1000 volts (dc working), ceramic disc 
R1: 24000 ohms, 5%, 1 watt 
R2: 22000 ohms, 5%, 1 watt 
R3: 1 megohm, 20%, 2 watts, adjustable 
R4 through R13: 22000 ohms, 5%, 1 watt 

R14: 27000 ohms, 5%, 2 watts 
R15: 33000 ohms, 5%, 2 watts 
R16: 22000 ohms, 5%, 2 watts 
R17: 18000 ohms, 5%, 2 watts 
Rib: 22000 ohms, 5%, 2 watts 
R19: 2000 ohms, 5%, 2 watts 
Rte: 10 megohms., 2 watts, adjustable 
RL: Value will depend on magnitude ofpeak pulaevoltage 

desired. For a peak pulse amplitude of 100 volts, the 
value is approximately 300 ohms. 

Note 1: Adjustable between approximately 800 and 2400 
volts dc. 

Note 2 Component values are dependent upon nature of ap-
plication and output signal desired. See discussion on 
Typical Voltage Dividers —pages 5 and 6. 

Typical Voltage-Divider Arrangement for Constant 
Voltage Between Cathode and Dynode No.l 

PHOTOCATHODE 

Rp 

Rg 

FOCUSING ELECTRODE 

RI
DYNODE N'I 

DYNODE N'2 

DYNODE N~3 

R4 DYNODE N'4 

R5 

-O 
TO 

REGULATEDR~ 
DC POWER 
SUPPLY 

+O RB 

Ry 

Rp 

RII 

RI2 

R6 

RI3 

R14 

RIS 

RI6 

R17 

DYNODE NQS 

DYNODE N~6 

DYNODE N°7 

DYNODE N'B 

L6 
15

19 
17 

DYNODE N'9 

~CI 

DYNODE N''-10 

DYNODE Neil 

2 DYNODE N°12 

3 DYNODE N'13 

C4

DYNODE N?14 

13 Q 
9 

^ CS R I 

~~ 

ACCELERATING 
ELECTRODE 

PHOTOMULTI-
PLI ER 

y TUBE 

ANODE 

O 
OUTPUT 

O 

Cg 92LS-3009 

C1: 25 pF, 20%, 600 volts (dc working), ceramic disc 
C2: 50 pF, 20%, 600 volts (dc working), ceramic disc 
C3: 100 pF, 20%, 600 volts (dc working), ceramic disc 
C4: 250 pF, 20%, 600 volts (dc working), ceramic disc 
C5: 500 pF, 20%, 600 volts (dc working), ceramic disc 
C6: 100 pF, 20%, 1000 volts (dc working), ceramic disc 
R1: 5 megohms, 20%, 1/2 watt, adjustable 
R2 through Rll : 22000 ohms, 5%, 1 watt 

R12: 27000 ohms, 5%, 2 watts 
R13: 33000 ohms, 5%, 2 watts 
R14: 22000 ohms, 5%, 2 watts 
R15: 18000 ohms, 5%, 2 watts 
R16: 22000 ohms, 5%, 2 watts 
R17: 22000 ohms, 5%> 2 watts 
RiB: 10 megohms, 2 watts, adjustable 
RL: Value will depend on magnitude of peak pulse voltage 

desired. For a peak pulse amplitude of 100 volts, the 
value is approximately 300 ohms. 

Z: (2) - 180 V, 2 W zener diodes, or equivalent 

Note 1: Adjustable between approximately 800 and 2400 
volts dc. 

Note 2: Component values are dependent upon nature of ap-
plication and output signal desired. See discussion on 
Typical Voltage Dividers —Pages 5 and 6. 

Figure 7 Figure 8 
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Dimensional Outline 

FACEPLATE -
(SEE NOTE) 

PHOTOCATHODE 

T16 
BULB 

METAL COLLAR 

SMALL-SHELL 
BIDECAL 

20-PIN BASE 
JEDEC N4B20-102 

2.0o t .oe ~, 
OIA. 

I..-1.66 MIN.~I
I DIA. I 

~ 2.38 MAX. 

6.69 
3. 9 

5.40 
f.12 

7.5 
MAX. 

92CS-8602R3 

~, of bulb will not deviate more than 2°  in any direction 
from the perpendicular erected at the center of bottom of 
the base. 

Note: Deviation from flatness of external surface of face-
plate will not exceed 0.005" from peak to valley. 

Dimensions are in inches unless otherwise stated. Dimen-

aibns tabulated below are in millimeters and aze derived 
from the basic inch dimensions (1 inch = 25.4 mm). 

Inch Dimension Equivalents in Millimeters 

Inch mm Inch mm Inch mm 

0.06 1.5 1.68 42.6 5.40 137.1 

0.12 3.0 2.00 50.8 6.69 169.9 

0.19 4.8 2.38 60.4 7.5 190.5 

Basing Diagram 
Bottom View 

G2 

DY13 

P DY14 
DY12 

DYIO 

DYI10~-~ OYg 

DYg 

DY7 

Drg 

DY3 

DYI 
NC K 

DIRECTION OF LIGHT: 
INTO END OF BULB 

20 D 

OY6

DYq 

DY2 

NC 

GI COLLAR 

Pin 1: No Connection 
Pin 2: Dynode No.l 
Pin 3: Dynode No.3 
Pin 4: Dynode No.5 
Pin 5: Dynode No.7 
Pin 6: Dynode No.9 
Pin ?: Dynode No l l 
Pin 8: Dynode No. 13 
Pin 9: Grid No.2 (Accelerating Electrode) 
Pin 10: Anode 
Pin 11: Dynode No.14 
Pin 12: Dynode No. 12 
Pin 13: Dynode No.10 
Pin 14: Dynode No.8 
Pin 15: Dynode No.6 
Pin 16: Dynode No.4 
Pin 17: Dynode No.2 
Pin 18: No Connection 
Pin 19: Grid No.l (Focusing Electrode) 
Pin 20: Photocathode 
Metal Collar: No Connection 

Note - If used, connect only to photocathode. 

RCA I Electronic Components I Harrison, N.J. 07029 



CERMOLOX 

Oxide-Coated Cathode 

Forced-Air Cooled 

80 Watts CW Power Output 
at 400 MHz 

40 Watts CW Power Output 
at 1215 MHz 

RCA-6816 

BEAM POWER TUBE 

RCA-6816 is a very small, forced-air cooled uhf 
beam power tube designed for use in compact aircraft, 
mobile and stationary equipment. It is rated as an of 
power amplifier and modulator and to frequencies up to 
1215 MHz as a linear rf power amplifier in single-side-
band suppressed-carrier service, as aplate-modulated 
rf power amplifier in Class C telephony service, as an
rf power amplifier and oscillator in Class C telegraphy 
service, and as an rf power amplifier in Class C FM 
telephony service. 

The 6816 and variants of its basic design may also 
be useful in applications such as frequency multipliers, 

linear rf power amplifiers (AM or television), pulse 

modulators, pulsed-rf amplifiers, regulators, or other 

special services. Variations in cooling structure or 
parameters are also possible. For information on vari-
ants, contact your RCA field representative. 

The 6816 features the Cermolox construction, a 
unipotential cathode of the oxide-coated type, and an

integral stacked-disc-type finned radiator. Details of 
these features are described in the Application Guide 
for RCA Power Tubes, 10E-300. 
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I. DESCRIPTION 
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Ratings  

page 

1 
2,3 

Footnotes 3 
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Dimensional Outline  4 
Terminal Diagram  4 

II. CHARACTERISTICS 
Cavity Tuning Curves  5 
Constant-Current Curves  6,7 
Cooling  8 
Mounting 4 

III. GENERAL APPLICATIONS 
*This bulletin is to be used in conjunction 

with the publication, Applicotion Guide for 
RCA Power Tubes, 10E-300. For a copy, 
write RCA, Commercial Engineering, Har-
rison, N.J. 

Erie Technological Products, Inc., 2206 

Erie, Pennsylvania 

Weat 15th 

E.F. Johnson Co., 299 10th Ave., S.W., Waseca, Minn. 

Street, 

GENERAL DATA 
Electrical: 

Heater for Oxide-Coated 
Unipotential Cathode: 

Voltage (ac or dc) 
6.3 typical volts 

6.9 max. volts 

Current at 6.3 volts   2.1 A 

Minimum heating time   1 minute 

See further information on the heater in Application 
Guide for RCA Power Tubes, 10E-300; Section V.A.3, 
Filament or Heater. 

Mu-Factor, Grid No.2 
to Grid No.l   18 

Direct Interelectrode 

Capacitances° : 

Grid No.l to plate  0.065 max. pF 

Grid No.l to cathode &heater   13 pF 

Plate to cathode &heater   .013 max. pF 

Grid No.l to grid No.2   18 pF 

Grid No.2 to plate  4.8 pF 

Grid No.2 to cathode &heater   0.45 max. pF 

Mechanical: 

Operating Position   AnY 
Overall Length   1.93" max. 

Greatest Diameter 1  265" max. 

Terminal Connections   See Dimension¢l Outline 

For operation up to 400 MHz 

Socket, including Grid-No.2 
Bypass Capacitor   Erie 2948-000, E.F. Johnson 

DN124-152-1, Jettrone 89-001, 
or equivalent 

Grid-No.2 Bypass 
Capacitor . . .   Erie 2926-000, 

2929-001, or equivalent 

For operation ¢t high frequencies 

See Preferred Mounting 
Arrangement   Page 4 

Radiator   Integral part of tube 

Weight (Approx.)  2 oz, 

Thermal: 

Terminal Temperature (Plate, 
grid No.2, grid No.l, cathode, 
and heater)   250 max. ° C 

Plate-Core Temperature   250 max. ° C 

See Dimension¢l Outline for temper¢ture-measurement 

points 

~Jettron Products, Inc., 56 Rt. 10, Hanover, N.J. 

RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Harrison, N. 1. 

Trademarks) ®Registered 

Marca(s) Regis}rada(s) Printed in U.S.A. 

Supersedes 6816 8/60 6816 8/66 
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AF POWER AMPLIFIER 8 MODULATOR —Class AB16

Maximum CCS Ratings, Absolute-Maximum Valuesa 
DC Plate Voltage   1000 max, volts 

DC Grid-No.2 Voltage   300 max. volts 

Max.-Signal DC Plate Current   180 max, mA 

Max: Signal Plate Input   180 max. watts 
Max.-Signal Grid-No.2 Input . .   4.5 max. watts 

Plate Dissipation . . .     115 max. watts 

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance under Any Condition: 

With fixed bias     30000 max. ohms 

With cathode bias   Not recommended 

Typical CCS Operation: 
Values are for 2 tubes ~~, 

DC Plate Voltage   650 850 volts 
DC Grid-No.2 Voltage   300 300 volts 
DC Grid-No.l Voltage: 

From fixed-bias source   —15 —15 volts 
Peak AF Grid-No.l-to-Grid-No.l Voltage 30 30 volts 
Zero-Signal DC Plate Current   80 80 mA 
Max: Signal DC Plate Current   200 200 mA 
Zero-Signal DC Grid-No.2 Current   0 0 mA 
Max: Signal DC Grid-No.2 Current   20 20 mA 
Effective Load Resistance 

(Plate to plate)   4330 7000 ohms 

Max: Signal Driving Power (Approx.)  0 0 watts 
Max.-Signal Power Output (Approx.)   50 80 watts 

AF POWER AMPLIFIER 8 MODULATOR —Class AB26
Maximum CCS Ratings, Absolute-Maximum Values: 

DC Plate Voltage  

DC Grid-No.2 Voltage   . . 

Max.-Signal DC Plate Current  

Max: Signal DC Grid-No.l Current  

Max: Signal Plate Input  

Max.-Signal Grid-No.2 Input  

Plate Dissipation  

1000 max. volts 

300 max. volts 

180 max. mA 

30 max. mA 

180 max. watts 

4.5 max. watts 

115 max. watts 

Typical CCS Operation: 
Values are for 2 tubes 

DC Plate Voltage   650 850 volts 
DC Grid-No.2 Voltage   300 300 volts 
DC Grid-No.l Voltage: 

From fixed-bias source   —15 —15 volts 

Peak AF Grid-No.l-to-Grid-No.l Voltage 46 46 volts 

Zero-Signal DC Plate Current   80 80 mA 

Max: Signal DC Plate Current   355 355 mA 

Zero-Signal DC Grid-No.2 Current   0 0 mA 
Max.-Signal DC Grid-No.2 Current   25 25 mA 
Max.-Signal DC Grid-No.l Current   15 15 mA 
Effective Load Resistance 

(Plate to plate)   2450 3960 ohms 
Max.-Signal Driving Power (Approx.)  0.3 0.3 watt 
Max.-Signal Power Output (Approx.)   85 140 watts 

PLATE-MODULATED RF POWER AMPLIFIER— 
h Class C Telephony 

Carrier conditions per tube for use 
with a max. modulation factor of 1.0 

Maximum CCS Ratings, Absolute-Maximum Values 

Up to 1215 MHz: 
DC Plate Voltage   800 max. volts 
DC Grid-No.2 Voltage   300 max. volts 
DC Grid-No.l Voltage   —100 max. volts 
DC Plate Current   150 max. mA 
DC Grid-No.l Current   30 max. mA 
Plate Input   120 max. watts 
Grid-No.2 Input   3 max. watts 
Plate Dissipation   75 max. watts 

Typical CCS Operation: 

DC Plate Voltage  
DC Grid-No.2 Voltage . .  
DC Grid-No.l Voltage  
DC Plate Current  
DC Grid-No.2 Current 
DC Grid-No.l Current 
Driver Power Output (ApproxJ 
Useful Power Output (ApproxJ . . .  

At 400 MHz: 
400 700 volts 
200 250 volts 
—20 —50 volts 
100 130 mA 

5 10 mA 
5 10 mA 
2 3 watts 

16 45 watts 

Maximum Circuit Values: 

Grid-No.l-Circuit Resistance 
under Any Condition   30000 max. ohms 

RF POWER AMPLIFIER & OSCILLATOR —
Class C Telegraphyb

and 
RF POWER AMPLIFIER—Class C FM Telephony 

Maximum CCS Ratings, Absolute-Maximum Values: 
Up to 1215 MHz: 

DC Plate Voltage   1000 max. volts 
DC Grid-No.2 Voltage   300 max. volts 
DC Grid-No.l Voltage     —100 max, volts 
DC Plate Current   180 max. mA 
DC Grid-No.l Current   30f max. mA 
Plate Input   180 max. watts 
Grid-No.2 Input   4.5 max. watts 
Plate Dissipation   115 max. watts 

Typical CCS Operation: 

DC Plate Voltage  
DC Grid-No.2 Voltage  
DC Grid-No.l Voltage  
DC Plate Current  
DC Grid-No.2 Current  
DC Grid-No.l Current  
Driver Power Output (ApproxJ  
Useful Power Output (ApproxJ 

At 400 MHz At 1215 MHz 
400 900 900 volts 
200 300 300 volts 
—35 —30 —22 volts 
150 170 170 mA 

5 1 1 mA 
3 10 4 mA 
3 3 5 watts 

23 80 40 watts 

Maximum Circuit Yalues: 

Grid-No.l- Circuit Resistance 
under Any Condition   3000 max. ohms 

~r 

`'~.~~' 
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Note 

1. Heater Current   1 

2. Direct Interelectrode Capacitances: 

Grid No.l to plate  2 
Grid No.l to cathode & 

heater  2 
Plate to cathode & 

heater  2 

Grid No.l to grid No.2 2 

Grid No.2 to plate  2 

Grid No.2 to cathode 

& heater  2 

3. Grid-No.l Voltage  1,3 

4. Grid-No.l Cutoff Voltage  1,4 
5. Grid-No.l Current  1,5 
6. Reverse Grid-No.l Current. 1,3 
7. Grid-No.2 Current  1,3 
8. Peak Emission  1,6 

9. Interelectrode Leakage 

Resistance.   7 1.0 - megohm 

10. Useful Power Output   8 80 - watts 

LINEAR RF POWER AMPLIFIER, Class AB~b
Single-Sideband Suppressed-Carrier Service 

Peak envelope conditions for a signal having 
a minimum peak-to-average power ratio of 2 

Maximum CCS Ratings, Absolute-Maximum Values: 
Up to 1215 MHz 

DC Plate Voltage   1000 max. volts 
DC Grid-No.2 Voltage   300 max. volts 
DC Grid-No.l Voltage   -100 max. volts 
DC Plate Current at Peak of Envelope 250c max. mA 
DC Grid-No.l Cun•ent   30 max. mA 
Plate Input   180 max. watts 
Grid-No.2 Input   . . . 4.5 max. watts 
Plate Dissipation   115 max. watts 

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance 

Under Any Condition: 
With fixed bias  
With fixed bias (In Class AB1

operation)  
With cathode bias . .  

Grid-No.2 Circuit Impedance  
Plate Circuit Impedance 

25000 max. ohms 

100000 max. ohms 
Not recommended 

See Note d 
See Note e 

Typical CCS Operation with "Two-Tone" Modulation: 

At 30 MHz 

DC Plate Voltage  650 850 volts 
DC Grid-No.2 Voltage  300 300 volts 
DC Grid-No.l Voltage  -18.5 -18.5 volts 
Zero-Signal DC Plate Current  40 40 mA 
Effective RF Load Resistance  2200 3500 ohms 
DC Plate Cuaent at Peak 

of Envelope  100 100 mA 
Average DC Plate Current  75 75 mA 
DC Grid-No.2 Current at Peak 

of Envelope 8.2 4.2 mA 
Average DC Grid-No.2 Current  3.6 1.7 m~A 
Peak-Envelope Driver Power Output 

(Approx.)  0.5 0.5 watt 
Output-Circuit Efficiency (Approx) 90 90 
Distortion Products Level: 

Third Order 35 30 dB 
Fifth Order  40 36 dB 

Useful Power Output (Approx.): 
Average  12.5 20 watts 
Peak envelope  25 40 watts 

° Measured with special shield adapter. 

bSee Section V.C. of 10E-300. 

FOOTNOTES for General Data and Ratings 

circuit adjustment under "Single-Tone" conditions, the aver-
age plate current may be as high as 250 mA. 

dSee Section V.B. 2 of 10E-300. 

cThe maximum rating for a signal having a 
average power ratio less than 2, such as is 
gle-Tone" operation, is 180 mA. During 

minimum peak-to- 
obtained in "Sin-
short periods of 

eSee Section V.B.1 of 10E-300. 

f In applications where the frequency is leas than 80 MHz and 
the bias is less than -50 volts, the maximum value is 40mA. 

CHARACTERISTICS RANGE VALUES 
Min. Max. 

1.84 2.26 A 

- 0.065 pF 

11.0 15.0 pF 

- 0.013 

15.0 20.0 

4.2 5.2 

0.20 0.45 

-6 -15 

- -48 
6 -

- 8 
-8 +2.0 
- 300 

PF 
pF 

pF 

pF 

volts 

volts 

mA 

µA 

mA 

peak 

volts 

NOTE 1: With 6.3 volts ac or do on heater. 

NOTE 2: Measured with special shield adapter. 

NOTE 3: With do plate voltage of 1000 volts, do grid-No.2 
voltage of 300 volts, and do grid-No.l voltage adjusted to 
give a do plate cuaent of 115 mA. 

NOTE 4: With do plate voltage of 1000 volts, do grid-No.2 
voltage of 300 volts, and do grid-No.l voltage adjusted to 
give a do plate current of 1 mA. 

NOTE 5: With plate and grid-No.2 floating and do grid-No.l 
voltage of +2 volts. 

NOTE 6: With grid No.l, grid No.2, and plate tied together; 
and pulse voltage source connected between plate and cath-
ode. Pulse duration is 2 microseconds, pulse repetition fre-
quency is 60 pps, and duty factor is 0.00012. The voltage-
pulse amplitude is adjusted until a peak cathode current of 
10 amperes is obtained. After 1 minute at this value, the 
voltage-pulse amplitude will not exceed 300 volts (peak). 

NOTE 7: With tube at 20°  to 30°  C for at least 30 minutes 
without any voltages applied to the tube. The minimum re-
sistance between any two adjacent electrodes as measured 
with a 200-volt Megger-type ohmmeter having an internal im-
pedance of 1.0 megohm, will be 1.0 megohm. 

NOTE 8: In a single-tube, grid-driven coaxial-cavity class C 
amplifier circuit at 400 MHz and for conditions with 5.7 volts 
ac or do on heater, do plate voltage of 1000 volts, do grid-
No.2 voltage of 300 volts, grid-No.l resistor adjustable be-
tween zero and 10000 ohms, do plate current of 180 mA maxi-
mum, do grid-No.l current of 30 mA maximum and driver power 
output of 3 watts. 

-3-
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DIMENSIONAL OUTLINE 

1.250! .015 
(NOTE lo) 

AIR-COOLED 
RADIATOR 

::;:I P~:, 

PLATE TERMINAL 
CONTACT SURFACE 
1.065 MIN. (NOTE Ib) 

GRID-N0.2 TERMINAL 
CONTACT SURFACE 
.985 MIN. (NOTE Ic) 

ORID-N0.1 TERMINAL 
CONTACT SURFACE 
.735 MIN. (NOTE Id) 

025 
10yy25 

1 

.200 MIN. 

060 MIN 

1:~ :::: 

.. ..:~~'::.f C•r::: 

.090 MIN 

RADIATOR CORE 
TEMPERATURE 
MEASUREMENT 
POINT 

.035 M I N. 

-050 M I N. 

r 

1.86 
S.os 

5.0 5 .100 MIN. 

(~ CERAMIC 

(: ~s ~:.1 (NOTE 2) 
• ELECTRODE-TEMPERATURE 

MEASUREMENT POINT 

054 
MIN. 

AXIAL PIN 
(NOTE Ig) 

.r 
~re~..,.e'3..5

L 
fF 

~ f 
.165 
MIN. 

f 1.030 
*.030 

 L 
120 ,140 
MIN. MIN. 

.095 
MIN. y

I
020- 

1 

. 

HEATER-CATHODE TERMINAL 
CONTACT SURFACE 
.460 MIN. (NOTE le) 

HEATER TERMINAL 
CONTACT SURFACE 
.260 MAX.(NOTE If) 

DIMENSIONS IN INCHES 

NOTE 1: The following diametrical space requirements ac-
commodate the concentricity of the cylindrical surfaces of the 
radiator fine, axial pin, and each electrode terminal: 

a. Radiator Band - 1.316" 
b. Plate Terminal - 1.119" 
c. Grid-No2 Terminal - 1.019" 
d. Grid-No.l Terminal - 0.764" 

t 
600 
MIN, 

I.I' 5 
±.045 

92LM-IS91 

e. HeaterCathode Terminal - 0.519" 
f .Heater Terminal - 0.240" 
g. Axial Pin - 0.071" 

NOTE 2: Keep all stippled regions clear. Do not allow con-
tacts or circuit components to protrude into these annular 
volumes. 

PREFERRED MOUNTING ARRANGEMENT 

SHEET METAL 
U.S. STD. GAUGE Nal6 

1.250 1.001 
DIA. 

1.155 ±.001 
DIA 

.905 3.001- h 
DIA. 

.650 ±.001 
DIA. 

SEE DETAIL~A-~ 

.osl 

T 

.051 -.~ I~ 

.265 ±.005 ~  ~ _-{ 

.126 
±.nos 

.156 S.00l -.I I• 
DIA. 

CETAIL A~ 
DIMENSIONS IN INCHES 

L000 S.00l  -
- sso ±.oa -~ 

.Iso 
± 001 

f 
3/8 

T 

i 

3/8 B-32 
FILLET 
HEAD 

.300 
±.005 

NOTES 
I&5 

NOTES 
285 

NOTES ~{ 
3 8 5 t 360 

NOTES ,145 ±.005 
4 8 5 ±.005 

.650 
±.005 

-140 ±.005 
.350 5.001 DIA. 

.260 
DIA. 

92CM-9223R2 

TERMINAL DIAGRAM 

See Dimensional Outline (or Terminal Connections 

N 0 T E 1: Contact ring No.97-252 or finger stock No.97-380. 

NOTE 2: Contact ring No.97-253 or finger stock No.97-380. 

NOTE 3: Contact ring No.97-254 or finger stock No.97-380. 

NOTE 4: Contact ring No.97-255 or finger stock No.97-380. 

N 0 T E 5: The specified contact ring of preformed finger stock 
and finger stock No.97-380 provide adequate electrical con-
tact, but the finger stock No.97-380 is leas susceptible to 
breakage than the specified contact ring. Both types are made 
by Instruments Specialties Co., Little Falls, N.J. 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
not for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 
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TUNING CHARACTERISTICS 
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS 
With Grid-No.2 Volts = 300 

RATED HEATER VOLTS 
GRID No.2 VOLTS=300 
PLATE M A=Ib  
GRID No. 2 MA=IC2 _ _ _ _ _ 
GRID No.l MA=ICI  

G
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.l 
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LT
S

 

40 

0 oa 
°' ! ~I ! 

~u~~~ IC1=300 Ib =:4400 

20 L~ 1~ .l 
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-20 20 
IO 
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—40 

0 200 400 600 800 1000 
PLATE VOLTS 

92CM-11749 
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS 
With Grid-N o.2 Volts = 200 

RATED HEATER VOLTS 
GRID No.2 VOLTS=200 
PLATE MA=Ib 
GRID No. 2 MA=IC2 -- — --
GRID No. l MA=ICI  

G
R
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—

N
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O
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92CM-I 1745 
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FORCED-AIR COOLING RECOMMENDED COWLING 
Air Flow: 

Through radiator -Adequate air flow to limit the radiator 
core temperature to 250o C should be delivered by a 
blower across the radiator before and during the applica-
tion of plate, grid-No.2, and grid-No.l voltages. Typical 
values of air flow directed across the radiator versus 
plate dissipation are shown in two graphs under Typical 
Cooling Requirements. 

To PI¢te, Grid-No.2, Grid-No.l, Cathode, ¢nd Heater 
Terminals - A sufficient quantity of air should flow 
across each of these terminals so that their temperature 
does not exceed the specified maximum value of 250o C. 

For Directing Air Flow Through Radiator 

During St¢ndby Operation —Cooling air is not nortually AIR 
required when only heater voltage is applied to the tube. FROM 

BLOW ER =---
Plate power, grid-No.2 power, heater power, and air flow _______ _____ ° 
may be removed simultaneously:  fi 
At sea level cooling requirements with air flow directed 
across the radiator with cowling as indicated may be met 
by use of blowers and associated motors manufactured by 
Rotron Mfg. Co., Inc., Woodstock, N.Y., or equivalent. 

ii 
t 

f1

2 

u
TYPICAL COOLING REQUIREMENTS 

AIR FLOW DIRECTED THROUGH RADIATOR 
FROM I"X 112" ORIFICE LOCATED II/q" 
FROM RADIATOR. 
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IC.".9~11 i~.. .. 
MAX. ALLOWABLE TEMPERATURE 
RISE WITH INCOMING-AIR TEMP-

ERATURE OF 25'C 

PLATE DISSIPATION—WATTS 

92CM-9220R1 

AIR FLOW DIRECTED THROUG 
RADIATOR WITH COWLING AS 
SHOWN IN ACCOMPANYING 
DIAGRAM. 

I 
I-1/2 

f I/32~~ 

1°f I/32u

92C5-9213RI 

 1 MAX. ALLOWABLE TEMPERATURE  RISE WITH INCOMING-AIR TEMP-
ERATURE OF 25'C 

PLATE DISSIPAT70N—WATTS 
92CM-9219R1 



NEW PRO~UCi RAUIO COflPOflAiION Of AMERICA 
GNNOUNCEMENi INTERNATIONAL DIVISION HARRISON, N. J. 

LICENSEE SERVICE 

: 68836 

8032A 

n~A 
ELECTRO 
TUBE 

85 Watts CW Output 
(ICAS) at 60 Mc 

50 Watts CW Output 
(ICAS) at 175 Mc 

NEW BEAM POWER TUBE 

RCA-68836/8032A/8552 

NOW 
A 12 TO 15-VOLT TYPE 
to give you all the outstanding 
features of the recently announ-
ced RCA-6146B/8298A 

YOU GET 

r EXTENDED LIFE WHEN REPLACING 
6883, 6883A, or 8032 

HIGHER POWER OUTPUT IN NEW 
EQUIPMENT DESIGNS 

• Higher plate dissipation and 
plate current ratings 

• Higher temperature operation 

• Higher power output 

• RCA "dark heater" 

• Withstands wide excursions of 
heater voltage in mobile operation 

Detailed technical information is given in the attached bulletin. 

February 28, 1964 

THE MOST TRUSTED NAME IN ELECTRONICS 



~, 
Controlled Zero-Bias 

Plate Current 
Controlled Power Output 

at Reduced Heater Voltage 

RCA-68838/8032A/8552 
BEAM POWER TUBE 

85 Watts CW Output (ICAS) at 60 Mc 
50 Watts CW Output (ICAS) at 175 Mc 

RCA "Dark Heater" with 
10- to 16-volt Range 

3-13/16" Max. Length 

1-21/32" Max. Diameter 
Octal 8-Pin Base 

Small, Sturdy Structure 

RCA-6883B/8032A/8552 

is a small, sturdy, beam 
power tube having high 
efficiency and high power 

sensitivity for use in 

mobile and stationary 
equipment. It is rated as 

an of power amplifier and 

modulator, a linear rf 

power amplifier, and a 
Class C rf power amplifier 
and oscillator 

The 68836 features a heater designed to oper-
ate over a voltage range of 12 to 15 volts ana 
which wi ll take excursions from 10 to 16 volts in 
battery operation. The heater design insures de-

~~ pendable performance in mobi le equipment under 
operating conditions during battery charging and 
discharging. See Special Performance Data on page 
4 for information covering heater overvoltage and 
undervoltage operation. 

Controlled zero-bias plate current is offered 
in the 68836 to insure more dependable performance 
as a Class AB1 linear rf amplifier for single-
sideband suppressed-carrier service. See Test 
No.3 of Characteristics Range Values. 

Also featured in the design of the 68836 is 
the new RCA "Dark Heater", which functions effi-
ciently at operating temperatures 350° K below 
those of the heaters in conventional tube types. 
The dark surface of the new heater radiates heat 
..pore efficiently and improves the transfer of heat 
to the cathode so that optimum cathode temperature 
may be attained with the heater operating at ap-
proximately 1350° K. 

The low operating temperature of the "Dark 
Heater" results in (1) lower internal stresses in 
the heater wire and smaller theiTnal change during 
heater warmup, (2) cooler operation of the heater 
which minimizes changes in heater shape and re-
duces the possibility of heater damage and heater 
shorts, (3) extremely stable heater current char-
acteristics throughout life, and (4) significant 
reduction in effects of ac heater leakage. 

Small in size for its power-output capability, 
the 68836 has a rugged button-stem construction 
with short internal leads, a T12 bulb, triple 
base-pin connections for grid No.3 and cathode 
(both joined to internal shield inside the tube) 

/~, 

~~ 

to permit effective rf grounding, and an octal 
base with short metal sleeve having its own base-
pin terminal. The sleeve shields the input to the 
tube and isolates it from the output circuit so 
completely that no other external shielding is 
required. Separation of input and output circuits 
is accomplished by bringing the plate lead out of 
the bulb to a cap opposite the base. 

The 6883B/8032A/8552 is unilaterally inter-
changeable with the 6883, 6883A, and 8032. 

GENERAL DATA 
Electrical: 

Heater, for Unipotential Cathode: 
Voltage (AC or DC)  12.6 volts 
Current at 12.6 volts 0  562 amp 
Minimum heating time  60 sec 

See Special Performance Data on~iage u for heater o~er-
ation in stationary equipment and in mobile equipment. 

Transconductance, for plate volts 
= 200, grid-No.2 volts = 200, 
and plate ma. = 100   7000 µmhos 

Mu-Factor, Grid No.2 to Grid No.l 
for plate volts = 200, grid-No.2 
volts = 200, and plate ma. = 100. 4.5 

Direct Interelectrode Capacitances (Approx.):a 
Grid No.l to plate  0.24 max. 
Grid No.l to cathode & grid 
No.3 & internal shield, 
base sleeve, grid No. 2, 
and heater  13 pf 

Plate to cathode & grid No.3 
& internal shield, base 
sleeve, grid No. 2, and 
heater  8.5 

pf 

pf 

Mechanical: 
Operating Position Any 

Maximum Overall Length  3-13/16" 

Seated Length   3-1/8" ± 1/8" 

Maximum Diameter  1-21/32" 

Bulb T12 
Cap  Small (JEDEC No.Cl-1) 
Base Small-Wafer Octal 8-Pin with Sleeve 

(JEDEC Group 1, No. B8-150), 
or Small-Wafer Octal 8-Pin with External Barriers 

and Sleeve (JEDEC Group 1, No. B8-159) 
Bulb Temperature (At hottest point) 260 max. °C 
Weight (Approx  )  2.3 oz 

AF POWER AMPLIFIER 8. MODULATOR — Class AB1
CCS ICAS 

Maximum Ratings, Absolute-Maximum Values: 

DC PLATE VOLTAGE 
DC GRID-No.2 VOLTAGE.  

MAX.-SIGNAL DC 
PLATE CURRENTb 

MAX.-SIGNAL PLATE INPU'Ib 

600 max. 

250 max. 

175 max. 

90 max. 

750 max, volts 

250 max. volts 

220 max. ma 

120 max. watts 

RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Lancaster, Pa. 

Tradem nrk(s) ® Registered 

Marco (s) Reg istrada (s) 

6883B/8032A/8552 2-64 
Printed in U.S.A. 
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CCS ICAS 

MAX.-SIQVAL Max.-Signal DC ~ ~h 
GRID-No.2 INk'U"1— . 3 max. 3 max. watts Grid-No.l Current . 2.7 1.3 ma 

PLATE DISSIPATIONb. 27 max. 35 max. watts Effective Load Resistance 

PEAK HEATER-CATHODE (Plate to plate). . 3620 5200 ohms 

VOLTAGE: Max.-Signal Driving Power 

Heater negative with (Approx.)f  0.2 0.7 watt 
respect to cathode. 135 max. 135 max. volts Max.-Signal Power Output 

Heater positive with 
respect to cathode. 135 max. 135 max, volts 

(Approx.)   100 

Typical ICAS Operation: 

110 watts 

Typical Operation: Values are for 2 tubes 
Values are for 2 tubes DC Plate Voltage  600 750 volts 

DC Plate Voltage  600 750 volts DC Grid-No.2 Voltageh . 200 150 volts 
DC Grid-No.2 Voltagec . 200 200 volts DC Grid-No.l Voltage: 
DC Grid-No.l Voltage: From fixed-bias source. -47 -39 volts 

With fixed-bias source. -47 - 48 volts Peak AF Grid-No.l-to-
Peak AF Grid-No.l-t - Grid-No.l Voltage 114 110 volts 

Grid-No.l Voltages. . 94 96 volts Zero-Signal DC 
Zero-Signal DC Plate Current   50 40 ma 
Plate Current   48 50 ma Max.-Signal DC 

Max.-Signal DC Plate Current   328 294 ma 
Plate Current   250 250 ma Max.-Signal DC 

Max.-Signal DC Grid-No.2 Current 26 28 ma 
Grid-No.2 Current . 14.8 12.6 ma Max.-Signal DC 

Effective Load Resistance Grid-No.l Current 3.4 7.6 ma 
(Plate to plate). . 5600 7200 ohms Effective Load Resistance 

Max.-Signal Driving (Plate to plate). . 4160 6050 ohms 
Power (Approx.) . 0 0 watts Max.-Signal Driving Power 

Max.-Signal Power Output (Approx.)f  0.2 0.5 watt 
(Approx.)   96 124 watts Max.-Signal Power Output 

(Approx.)   130 148 watts 
Maximum Circuit Values (CCS or ICAS): 

Grid-No.l-Circuit Resistance Maximum Circuit Values (CCS or ICAS): 
under Any Condition:e Grid-No.l-Circuit Resistance:g 
With fixed bias   0.1 max. megohm With fixed bias   30,000 max. ohms 
With cathode bias  Not recommended With cathode bias  Not recommended 

AF POWER AMPLIFIER &MODULATOR — Class AB2

Maximum Ratings, Absolute-Maxi~.um Values: 

CCS ICAS 

LINEAR RF POWER AMPLIFIER, Class ABl
Single-Sideband Suppressed-Carrier Service 
Peak envelope conditions for a signal having 

DC PLATE VOLTAGE 600 max. 750 max. volts a ~,ini~rtum peak-to-average power ratio of 2 

DC GRID-No.2 VOLTAGE. . 250 max. 250 max. volts CCS ICAS 
MAX.-SIGNAL DC 
PLATE CURREN'Ib 175 max. 220 max. ma 

Maximum Ratings, Absolute-Maximum Values: 

MAX.-SICIVAL PLATE INPUTb. 

MAX.-SIGNAL 

90 max. 120 max. watts DC PLATE VOLTAGE 
DC GRID-No.2 VOLTAGE. 

600 max. 

250 max. 
750 max, 

250 max. 
volts 
volts 

GRID-No.2 INPU'Ib. . 3 max. 3 max. watts DC PLATE CURRINT AT 

PLATE DISSIPATIONb. . 27 max. 35 max. watts PEAK OF ENVELOPE. 175 max. 220 max. ma 

PEAK HEATER-CATHODE 
PLATE DISSIPATION 27 max. 35 max. watts 

VOLTAGE: GRID-No.2 DISSIPATION 3 max. 3 max. watts 

Heater negative with PEAK HEAI~i-CATHODE 
respect to cathode. 135 max. 135 max. volts VOLTAGE: 

Heater positive with Heater negative with 
respect to cathode. 135 max. 135 max. volts respect to cathode. 135 max. 135 max. volts 

Heater positive with 
Typical CCS Operation: 

Values are for 2 tubes 

respect to cathode. 135 max. 135 max, volts 

DC Plate Voltage  500 
DC Grid-TVo.2 Voltageh 200 

600 
200 

volts 
volts 

Typical Operation with "Two—Tone Modulation": 

At 30 Mc 

DC Grid-No.1 Voltage: DC Plate Voltage •600 750 volts 

From fixed-bias source. -46 - 48 volts DC Grid-No.2 Voltageh 200 200 volts 

peak AF Grid-No.l-to- DC Grid-No.l Voltageh -47 -48 volts 
Grid-No.l Voltage 108 106 volts Zero-Signal DC 

Zero-Signal DC Plate Current  24 25 ma 
Plate Current  50 40 ma Effective RF Load 

Max.-Sio al DC Resistance 2800 3600 ohms 
Plate Current  308 270 ma DC Plate Current at 

Max.-Signal DC Peak of Envelope. 125 125 ma 

Grid-No.2 Current 26 27 ma Average DC Plate Current. 86 86 ma 
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CCS 

DC Grid-No.2 Current at 
Peak of Envelope. 7.4 

Average DC 
Grid-No.2 Current 5.0 

Distortion Products Level: ~ 
Third order   24 
Fifth order   30 

Useful Power Output 
(Approx.): 

Average   24.5 
Peak envelope   49 

ICAS 

6.3 ma 

3.9 ma 

26 db 

31 db 

30.5 watts 

61 watts 

CCS 

PLATE INPUT   90 max. 

GRID-No.2 INPUT   3 max. 

PLATE DISSIPATION 27 max. 

PEAK HEATER-CATHODE 
VOLTAGE: 
Heater negative with 

respect to cathode. 135 max. 

Heater positive with 
respect to cathode. 135 max. 

Typical Operation as Ampl ifier up to 

ICA S 

120 max, watts 

3 max. watts 

35 max. watts 

135 max. volts 

135 max. volts 

60 Mc: 

DC Plate Voltage  600 750 volts 
Maximum Circuit Values: DC Grid-No.2 Voltage 1 . 200 200 volts 

Grid-No.l-Circuit Resistance 
under Any Condition: 

DC Grid-No.l Voltage m. -70 
From a grid-No.l 

-77 volts 

With fixed bias 30 000 max. ohms resistor of   24,000 28, 000 ohms 
Peak RF Grid-No.l 

Voltage   90 95 volts 

PLATE-MODULATED RF POWER AMPLIFIER - DC Plate Current  150 160 ma 

Class C Telephony DC Grid-No.2 Current. 10 10 ma 
DC Grid-No.l Current 

Carrier conditions per tube for use with a max. (Approx.)   2.8 2.7 ma 
modulation factor of 1.0; at frequencies ub to 60 Mc Driving Power (Approx.) 0.3 0. 3 watt 

CCS ICAS Power Output (Approx.). 63 85 watts 

Maximum Ratings, Absolute-Maximum Values_: Typical Operation as Ampl ifier at 175 Mc: 
DC PLATE VOLTAGE  480 max. 600 max. volts 

DC Plate Voltage  320 400 435 volts 
DC GRID-No.2 VOLTAGE. 250 max. 250 max. volts 

DC Grid-No.2 Voltage 1 . 210 220 230 volts 
DC GRID-No.l VOLTAGE. -150 max. -150 max. volts 

DC Grid-No.l Voltage m. -52 -55 -56 volts 
DC PLATE CURRENT  145 max. 

DC GRID-No.l CCiRRENT. 3.5 max. 

PLATE INPUT   60 max. 

180 max. ma 
4. 0 max. ma 

85 max. watts 

From a grid resistor of . 26,000 30, 
Peak RF Grid-No.l 

Voltage   65 

000 24,000 ohms 

67 73 volts 
GRID-No.2 INPUT   2 max. 2 max. watts DC Plate Current  170 180 210 ma 
PLATE DISSIPATION 18 max. 23 max. watts DC Grid-No.2 Current. 12 12 11 ma 
PEAK HEATER-CATHODE DC Grid-No.l Current 

VOLTAGE: (Approx.)   2 1.9 2.3 ma 
Heater negative with 

respect to cathode. 135 max. 

Heater positive with 
135 max. volts 

Driving Power (Approx.) 2 
Power Output (Approx.). 29 

2 3 watts 

40 50 watts 

respect to cathode. 135 max. 135 max. ✓olts Maximum Circuit Values (CCS or ICAS): 

Typical Operation: Grid-No.l-Circuit Resistancen 30,000 max. ohms 

DC Plate Voltage  475 600 volts 

DC Grid-No.2 Voltages 165 175 volts 

DC Grid-No.l Voltagek -86 -92 volts 
From a grid resistor of 26,000 27, 

Peak RF Grid-No.l 
000 ohms 

CHARACTERISTICS RANGE VALUES 
Voltage   106 114 volts 

Note Min. Max. 
DC Plate Current  125 

DC Grid-No.2 Current. 8.5 
140 ma 

9.5 ma 
1. Direct Interelectrode 

Capacitances: 
DC Grid-No.l Current Grid No.l to plate . 1 0.24 pf 
(Approx.)   3.3 

Driving Power (Approx.) 0.4 
3.4 ma 

0.5 watt 
Grid No.l to cathode & 

grid No.3 & internal 
Power Output (Approx.). 42 62 watts shield, base sleeve, 

grid No. 2, and heater. 1 12.0 15.0 pf 
Maximum Circuit Values (CCS or ICAS): Plate to cathode & grid 
Grid-No.l-Circuit Resistancen 30,000 max. ohms No.3 &internal shield, 

base sleeve, grid No. 2, 
and heater   1 7.3 9.5 pf 

RF POWER AMPLIFIER & OSC. - Class C Telegraphy 2. Plate Current  2 46 94 ma 

and 3. Zero-Bias Plate Current. . 3 330 ma 

RF POWER AMPLIFIER - Class C FM Telephony 4. Grid-No.2 Current  2 5. 5 ma 

CCS ICAS :Vote 1: With no external shield. 

Maximum Ratings, Absolute-Maximum Values up to 60 Mc: 
Note 2: With heater voltage of 13.5 volts, do plate volt-

age of 400 volts, do grid-No.2 voltage of 200 

DC PLATE VOLTAGE 600 max. 750 max. volts volts, and do grid-No.l voltage of -34 volts. 

DC GRID-No.2 VOLTAGE. 250 max. 250 max. volts Note 3: With heater voltage of 13.5 volts, do plate volt-

DC GRID-No.l VOLTAGE. 

DC PLATE CURRENT 
-150 max. 

175 max. 
-150 max. 

220 max. 
volts 

ma 

age of 100 volts, do grid-No.2 voltage of 200 
volts, and do grid-No.l voltage of -100 volts. 
Grid No.l is square-wave pulsed at 1000 kc to 

DC GRID-No.l CURRENT. 3.5 max. 4.0 max. ma zero volts. Limit value is peak-pulse current. 
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SPECIAL PERFORMANCE DATA ON HEATER OPERATION 

Stationary Equipment Operation: 
Heater, for Unipotential Cathode: 

Voltage (AC or DC)a. . 

Current at 12.6 volts. 

Useful Power Outputb . 

Min. 

. 0.525 

59 

Design 
Center 

12.6 

Max. 

0.600 

volts 

amp 

watts 

a 
It is recommended that the design-center heatervoltage 
be 12.6 volts; the heater power supply should not 
fluctuate more than 10% to insure long l ife. 

b In a single-tube, self-excited osci llator circuit, 
and with ac heater voltage of 12.6 volts, do plate 
voltage of 600 volts, do grid-No.2 voltage of 200 
volts, grid-No.l resistor of 24,000 ± 10% ohms, do 
plate current of 150 max. ma., do grid-No.l current 
of 2.5 to 3 ma., and frequency of 15 Mc. 

Mobile Equipment Operation: 

Heater, for Unipotential 

Voltage (AC or OC)a. . 

Current at 13.5 volts. 

Useful Power Output Ib . 

Useful Power Output II . 

Cathode: 

Min. 

. 0.550 

59 

Design 
Range 

12-15 

Max. 

- volts 

0.620 amp 

- watts 

See Note c 

Overvoltage Heater Life Tests: 

Continuous heater l ife tests are performed periodically 
on sample lots of tubes with 16 volts on the heater, all 
other electrodes "floating". Intermittent heater l ife 
tests are performed periodically on sample lots of tubes 
with 22 volts on the heater, a cycle of 1 minute "ON" 
and 4 minutes "OFF". After 1000 hours of the continuous 
heater l ife test and after 49 hours of the intermittent 
heater l ife test, the following tests are performed: 

With heater voltage of 13.5 volts and + 100 do volts 
between cathode and heater, theheater-cathode leakage 
current will not exceed 100 microamperes. 

With ac or do heater voltage of 13.5 volts, grid-No.i 
volts =-200 and cathode, grid No. 2, and plate grounded, 
the minimum grid-No.l leakage resistance wi l l be 
10 megohms. 

With ac or do heater voltage of 13.5 volts, plate 
volts = -200, and cathode grid No.l and grid No.2 
grounded, the minimum plate leakage resistance wi ll 
be 10 megohms. 

a 

b 

C 

It is recommended that the heater voltage operate 
within the range of 12.0 to 15.0 volts and within 
excursions from 10 to 16 volts in battery operation. 
See Useful Power Output Testll and Overvoltage Tests. 

In a single-tube, self-excited oscillator circuit, 
and with ac heater voltage of 12.6 volts, do plate 
voltage of 600 volts, do grid-No.2 voltage of 200 
volts, grid-No.l resistor of 24,000 10% ohms, do 
plate current of 150 max. ma., do grid-No.i current 
of 2.5 to 3 ma., and frequency of 15 Mc. 

With conditions in note babove, reduce heater voltage 
to SO volts. Useful power output wi ll be at least 90% 
of the power output at heater voltage of 12.6 volts. 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 
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3 With no external shield. 

b Averaged over any audio-frequency cycle of sine-wave 
form. 

C Obtained preferably from a separate source or from 
the plate voltage supply with a voltage divider. 

d The driver stage should be capable of supplying the 
No.l grids of the class ABl stage with the specified 
driving voltage at low distortion. 

e The type of input coupling network used should not 
introduce too much resistance in the grid-No.l cir-
cuit. Transformer or impedance coupling devices are 
recommended. 

f Driver stage should be capable of supplying the 
specified driving ppower at low distortion to the 
No.l grids of the AB2 stage. 

g To minimize distortion, the effective resistance per 
grid-No.l circuit of the AB2 stage should be held at 
a low value. For this purpose the use of transformer 
coupling is recommended. In no case, however, should 
the total do grid-No.l-circuit resistance exceed 
30,000 ohms when the tube is operated at maximum 
ratings. For operation at less than maximum ratings, 
the do grid-No.l-circuit resistance may be as high 
as 100,000 ohms. 

h Obtained preferably from a separate, well-regulated 
source. 

k Obtained from grid-No.l resistor or from a combina-
tion of grid-No.l resistor with either fixed supply 
or cathode resistor. 

I Referenced to either of the two tones and without the 
use of feedback to enhance linearity. 

~ Obtained preferably from a separate source modulated 
with the plate supply, or from the modulated plate 
supply through a series resistor. 

1 Obtained preferably from separate source, or from 
the plate-supply voltage with a voltage divider, or 
through a series resistor. A series grid-No.2 resistor 
should be used only when the tube is used in a circuit 
which is not keyed. Grid-No.2 voltage must not exceed 
435 volts under key-up conditions. 

m Obtained from fixed-supply, by grid-No.l resistor, by 
cathode resistor, or y combination methods. 

n 
When grid No.l is driven positive and the tube is 
operated at maximum ratings, the total do grid-No.l-
circuit resistance should not exceed the specified 
value of 30,000 ohms. If this value is insufficient 
to provide adequate bias, the additional required 
bias must be supplied by a cathode resistor or fixed 
supply. For operations at less than maximum ratings, 
the do grid-No.l-circuit resistance may be as high as 
100,000 ohms. 

DEFINITIONS 

ABI - The subscript 1 indicates that grid-No.l current 
does not flow during any part of the input cycle. 

A 62 - The subscript 2 indicates that grid-No.l current 
flows during some part of the input cycle. 

~l;S - Continuous Commercial Service. 

ICAS - Intermittent Commercial and Amateur Service. 

Ratings System - The maximuw ratings in the tabulated 
data are established in accordance with the following 
defination of the Absolute-Maximum Rating System. for 
rating electron devices. 

Absolute-Maximum ratings are limiting values of opera-
ting and environmental conditions applicable to any 
electron device of a specified type as defined by its 
published data, and should not be exceeded under the 
worst probable conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no 
responsibility for equipment variations, environment 

variations, and effects of changes in operating condi-
tions due to variations in device characteristics. 

The equipment manufacturer should design so that ini-
tially and throughout life no absolute-maximum value 
for the intended service is exceeded with any device 
under the worst probable operating conditions with 
respect to supply-voltage variation, equipment component 
variation, equipment control adjustment, load variation, 
signal variation, environmental conditions, and varia-
tions in device characteristics. 

Two-Tone Modulation - Two-Tone Modulation operation re-
fers to that class of amplifier service in which the input 
consists of two monofrequency rf signals having equal 
peak amplitude. 

MAXIMUM RATINGS vs. OPERATING FREQUENCY 
In Class C Telegraphy Service 
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MAXIMUM RATINGS vs. OPERATING FREQUENCY 
In Class C Telephony Service 
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GENERAL CONSIDERATIONS 
Temperature 

The maximum bulb temperature of 260° C is a tube 
rating and is to be observed in the same manner 
as other ratings. The temperature may be measured 
with temperature-sensitive pain t, such as Tempilaq. 
The latter is made by the Tempil Corporation, 
1.32 W. 22nd Street, New York 11, N. Y. 

TYPICAL PLATE CHARACTERISTICS 
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To insure adequate cooling it is essential that 
free circulation of air be provided around the tube. 
In most cases, no additional air is required. 

Plate Color 
'Ihe plate shows no color when the 68836 is 

operated at full ratings under either CGS or ICAS 
conditions. 

MECHANICAL CONSIDERATIONS 
Plate Circuit 

Heavy leads and conductors together with 
suitable insulation should be used in all parts of 
the rf plate tank circuit so that losses due to rf 
voltages and currents may be kept at a minimum. 
At the higher frequencies, it is essential that 
short, heavy leads be used for circuit connections 
in order to minimize lead inductance and losses. 

TYPICAL CHARACTERISTICS 
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0 100 

Fig.3 

200 300 400 
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600 700 

92CS-12391 

Connections to the plate should be made with 
a flexible lead to prevent any strain on the seal 
at the cap. 

ELECTRICAL CONSIDERATIONS 
Plate and Grid No.2 

When anew circuit is tried or when adjustments 
are made, it is advisable to reduce the plate 
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voltage and grid-No.2 voltage. If the 68836 is 
operated at maximum-ratings and grid-No.2 voltage 
is obtained through a series dropping resistor, the 
use of a 2500-ohm protective resistor in the high-
voltage supply lead is recommended. When a separate 
grid-No.2 voltage supply is used, a 10,000-ohm 
protective resistor should be connected in the 
grid-No.2 supply lead. 

TYPICAL PLATE CHARACTERISTICS 

Ef=12.6 VOLTS 
GRID-N,.2 VOLTS=150 
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'Ihe plate voltage should be applied before or 
simultaneously with the grid-No.2 voltage; other-
wise, with voltage on grid No.2 only, its current 
may be large enough to cause excessive grid-No.2 
dissipation. Ado mil liammeter.should be used in 
the grid-No.2 circuit so that its current may be
measured and the do power input determined. 

'The grid-No.2 current is a very sensitive 
indication of plate-ci rcuitloading and grid-No.2 
current rises excessively (often to the point of 
damaging the tube) when the amplifier is operated 
without load. "Therefore, care should be taken when 
tuning a 68836 under no-load conditions in order 
to prevent exceeding the grid-No.2 input rating 
of the tube. 

TYPICAL CHARACTERISTICS 
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Driver 

The driver stage for the 68836 in either class 
C telephony or telegraphy service should have con-
siderably more output capability than the typical 
driving power shown in the tabulated data in order 
to permit considerable range of adjustment, and 
also to provide for losses in the grid-No.l circuit 
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68836 

and the coupling circuits. This recommendation is 
particularly important near the maximum-rated fre-
quency where there are other losses of driving 
power, such as circuit losses, radiation losses, 
and transit-time losses. 

Efficiency 

Highest operating efficiency in high-frequency 
service, and therefore maximum power output, will 
be obtained when the 68836 is operated under load 

.conditions such that the maximum rated plate cur-
rent flows at the plate voltage which will give 
maximum rated input. 

Class C Telephony 

In plate-modulated class C amplifier service, 
the 68836 can be modulated 100 per cent. The 
grid-No.2 voltage must be modulated simultaneously 
with the plate voltage so that the ratio of grid-
No.2 voltage to plate voltage remains constant. 
Modulation of the grid-No.2 voltage can be accom-
plished either by connecting grid No.2 through a 
separate winding on the modulation transformer to 
the fixed grid-No.2 voltage supply, or by connecting 
grid No.2 through an audio-frequency choke of suit-
able impedance for low audio frequencies to the 
fixed grid-No.2,supply voltage. The supply end of 
the choke should be well bypassed to ground. 

Circuit Arrangements 

Push-pull or parallel circuit arrangements can 
be,used when more radio-frequency power is required 
than can be obtained from a single 68836. Two 
6883B's in parallel or push-pull will give approx-
imately twice the power output of one tube. The 
parallel connection requires no increase in exciting 
voltage necessary to drive a single tube. 

With either connection, the driving power re-
quired is approximately twice that for a single 
tube. The push-pull arrangement has the advantage 
of simplifying the balancing of high-frequency 
circuits. 

When two or more tubes are used in the circuit, 
precautions should be taken to insure that each 
tube draws the same plate current. 

DIMENSIONAL OUTLINE 

CAP 
JEDEC No. CI-I 

BULB 
T12 

BASE 
JEDEC GROUPI 

No. 88-ISO 
OR 

No. BB-159 

I 
I6 

MA%, 

DIA 

~I  23  MA%.--~ 

DIA. 

38 

_e 13 
3 16 
MAX. 

9205-122A9RI 

Standby Operation 
During standby periods in intermittent opera-

tion, the heater voltage may be maintained at nor-
mal operating value for most applications. 

In those applications which require maximum 
reliability, it is recommended that the heater 
voltage be maintained at normal operating value 
when the period is less than 15 minutes; that it 
be reduced to 80 per cent of normal when the period 
is between 15 minutes and 2 hours; and that for 
longer periods, the heater voltage should be 
turned off. 

Protective Devices 

Protective devices should be used to protect 
not only the plate but also grid No.2 against 
overload. In order to prevent excessive plate 
current flow and resultant overheating of the tube, 
the common ground lead of the plate circuit should 
be connected in series with the coil of an instan-
taneous overload relay. This relay should be 
adjusted to remove the do plate and grid-No.2 
wDltage when the average value of plate current 
reaches a value slightly higher than normal plate 
current. A protective device in the grid-No.2 
supply should remove the grid-No.2 voltage when 
the do grid-No.2 current reaches a value slightly 
higher than normal. 

Precautions 

The rated plate and grid-No.2 voltages of this 
tube are extremely dangerous. Great care should 
be taken during the adjustment of circuits, The 
tube and its associated apparatus, especially all 
parts which may be at high potential above ground, 
should be housed in a protective enclosure. The 
p mtective housing should be designed with inter-
locks so that personnel can not possibly come in 
contact with any high-potential point in the 
electrical system. The interlock devices should 
function to break the p~ imary circuit of the high-
voltage supplies when any gate or door on the 
protective housing is opened, and should prevent 
the closing of the primary circuit until the door 
is again locked. 

TERMINAL CONNECTIONS 
BoTtom View 

IS 
7CK 

PIN 1: CATHODE, GRID No. 3, 
INTERNAL SHIELD 

PIN 5: 

PIN 6: 

GRID No.l 

SAME AS PIN 1 
PIN 2; HEATER PIN 7; HEATER 
PIN 3: GRID No.2 PIN 8: BASE SLEEVE 
PIN 4; SAME AS PIN 1 CAP: PLATE 



CERMOLOX 

Oxide-Coated Cathode 

Forced-Air Cooled 

80 Watts CW Power Output 
at 400 MHz 

40 Watts CW Power Output 
at 1215 MHz 

RCA-6884 

BEAM POWER TUBE 

RCA~884 is a very small, forced-air cooled uhf 
beam power tube designed for use in compact aircraft, 
mobile and stationary equipment. It is rated as an of 
power amplifier and modulator and to frequencies up to 
1215 MHz as a linear rf power amplifier in single-side-
band suppressed-carrier service, as aplate-modulated 
rf power amplifier in Class C telephony service, as an
rf power amplifier and oscillator in Class C telegraphy 
service, and as an rf power amplifier in Class C FM 
telephony service. 

The 6884 and variants of its basic design may also 
be useful in applications such as frequency multipliers, 
lineaz rf power amplifiers (AM or television), pulse 
modulators, pulsed-rf amplifiers, regulators, or other 
special services. Variations in cooling structure or 
parameters are also possible. For information on vari-
ants, contact your RCA field representative. 

The 6884 features the Cermolox construction, a 
unipotential cathode of the oxide-coated type, and an
integral stacked-disc-type finned radiator. Details of 
these features aze described in the Application Guide 
for RCA Power Tubes, 10E-300. 

INDEX 

I. DESCRIPTION 
General Data . . . . . . . . . . . . . 
Ratings  

page 

1 
2,3 

Footnotes 3 
Characteristics Range Values 3 
Dimensional Outline  4 
Terminal Diagram  4 

II. CHARACTERISTICS 
Cavity Tuning Curves  5 
Constant-Current Curves  6,7 
Cooling  8 
Mounting 4 

III. GENERAL APPLICATIONS 
*This bulletin is to be used in conjunction 

with the publication, Application Guide for 
RCA Power Tubes, 10E-300. For a copy, 
write RCA, Commercial Engineering, Har-
rison, N.J. 

Erie Technological Products, Inc., 2206 West 15th Street, 
Erie, Pennsylvania 

E.F. Johnson Co., 299 10th Ave., S.W., Waseca, Minn. 

GENERAL DATA 
Electrical: 

Heater for Oxide-Coated 
Unipotential Cathode: 

Voltage (ac or dc) 
29.2 max. 

Current at 26.5 volts   0.54 

( 26.5 typical volts 

j̀ volts 
A 

Minimum heating time   1 minute 

See further information on the heater in Application 
Guide for RCA Power Tubes, 10E-300; Section V.A.3, 
Filament or Heater. 

Mu-Factor, Grid No.2 
to Grid No.l   18 

Direct Interelectrode 
Capacitances°: 
Grid No.l to plate  0.065 max. pF 
Grid No.l to cathode &heater   13 pF 
Plate to cathode &heater   .013 max. pF 
Grid No.l to grid No.2   18 pF 
Grid No.2 to plate  4.8 pF 
Grid No.2 to cathode &heater   0.45 max. pF 

Mechanical: 

Operating Position   Any 
Overall Length   1.93" max. 
Greatest Diameter   1.265" max. 
Terminal Connections   See Dimensional Outline 

For operation up to 400 MHz 

Socket, including Grid-No.2 
Bypass Capacitor   Erie 2948-000, E.F. JohnsoT~ 

DN124-152-1, Jettron~ 89-001, 
or equivalent 

Grid-No.2 Bypass 
Capacitor . . .   . . . . Erie 2926-000, 

2929-001, or equivalent 
For operation at high frequencies 

See Preferred Mounting 
Arrangement   Page 4 

Radiator   Integral part of tube 
Weight (ApproxJ  2 oz, 

Thermal: 

Terminal Temperature (Plate, 
grid No.2, grid No. 1, cathode, 
and heater)   250 max. ° C 

Plate-Core Temperature   250 max, °C 

See Dimensional Outline jor temperature -measurement 

points 

~Jettron Products, Inc., 56 Rt. 10, Hanover, N.J. 

RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Harrison, N. 1. 

Trademark(si ~ Registered 

Mar<a(s) Registroda(s) Printed in U.s.A. 

Supersedes 6816 8/60 6884 8/66 



6884 

AF POWER AMPLIFIER 8 MODULATOR —Class ABI b

Moximum CCS Ratings, Absolute-Maximum Values: 
DC Plate Voltage   1000 max. volts 

DC Grid-No.2 Voltage   300 max. volts 

Max.-Signal DC Plate Current   180 max. mA 

Max: Signal Plate Input   180 max. watts 

Max: Signal Grid-No.2 Input   4.5 max. watts 

Plate Dissipation   115 max. watts 

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance under Any Condition: 

With fixed bias   30000 max. ohms 

With cathode bias   Not recommended 

Typical CCS Operation: 
Values are (or 2 tubes 

DC Plate Voltage   650 850 volts 
DC Grid-No.2 Voltage   300 300 volts 
DC Grid-No.l Voltage: 

From fixed-bias source   —15 —15 volts 
Peak AF Grid-No.l-to-Grid-No.l Voltage   30 30 volts 
Zero-Signal DC Plate Current   80 80 mA 
Max: Signal DC Plate Current   200 200 mA 
Zero-Signal DC Grid-No.2 Current   0 0 mA 
Max: Signal DC Grid-No.2 Current   20 20 mA 
Effective Load Resistance 

(Plate to plate)   4330 7000 ohms 
Max: Signal Driving Power (Approx.)  0 0 watts 
Max: Signal Power Output (Approx.)   50 80 watts 

AF POWER AMPLIFIER 8 MODULATOR —Class AB26

Maximum CCS Ratings, Absolute-Maximum Values: 

DC Plate Voltage   1000 max. volts 

DC Grid-No.2 Voltage   300 max. volts 

Max.-Signal DC Plate Current   180 max. mA 

Max: Signal DC Grid-No.l Current   30 max. mA 

Max: Signal Plate Input   180 max. watts 

Max.-Signal Grid-No.2 Input   4.5 max. watts 

Plate Dissipation   115 max. watts 

Typical CCS Operation: 
Values are (or 2 tubes 

DC Plate Voltage   650 850 volts 

DC Grid-No.`L Voltage   300 300 volts 

DC Grid-No.l Voltage: 
From fixed-bias source   —15 —15 volts 

Peak AF Grid-No.l-to-Grid-No.l Voltage . 46 46 volts 

Zero-Signal DC Plate Current   80 80 mA 

Max.-Signal DC Plate Current   355 355 mA 

Zero-Signal DC Grid-No.2 Current   0 0 mA 

Max: Signal DC Grid-No.2 Current   25 25 mA 

Max.-Signal DC Grid-No.l Current   15 15 mA 

Effective Load Resistance 
(Plate to plate)   2450 3960 ohms 

Max: Signal Driving Power (Approx.)  0.3 0.3 watt 

Max: Signal Power Output (Approx.)   85 140 watts 

PLATE-MODULATED RF POWER AMPLIFIER —
Class C Telephonyb

Carrier conditions per tube (or use 
with a max. modulation (actor o(1.0 

Maximum CCS Ratings, Absolute-Maximum Values 

Up to 1215 MHz: 
DC Plate Voltage   800 max. volts 
DC Grid-No.2 Voltage   300 max. volts 
DC Grid-No.l Voltage   —100 max. volts 
DC Plate Current   150 max. mA 
DC Grid-No.l Current   30 max. mA 
Plate Input   120 max. watts 
Grid-No.2 Input   3 max. watts 
Plate Dissipation   75 max. watts 

Typical CCS Operation: 

DC Plate Voltage  
DC Grid-No.2 Voltage . .  
DC Grid-No.l Voltage  
DC Plate Current  
DC Grid-No.2 Current 
DC Grid-No.l Current 
Driver Power Output (Approx.) 
Useful Power Output (Approx.)  

At 400 MHz: 
400 
200 

—20 
100 

5 
5 
2 
16 

700 volts 
250 volts 
—50 volts 
130 mA 
10 mA 
10 mA 

3 watts 
45 watts 

Maximum Circuit Values: 

Grid-No.l-Circuit Resistance 
under Any Condition     30000 max. ohms 

RF POWER AMPLIFIER 8 OSCILLATOR —
Class C Telegraphyb

and 
RF POWER AMPLIFIER —Class C FM Telephony 

Maximum CCS Rotings, Absolute-Maximum Values: 
Up to 1215 MHz: 

DC Plate Voltage   1000 max. volts 
DC Grid-No.2 Voltage   300 max. volts 
DC Grid-No.l Voltage     —100 max, volts 
DC Plate Current   180 max. mA 
DC Grid-No.l Current   30f max. mA 
Plate Input   180 max. watts 
Grid-No.2Input   4.5 max. watts 
Plate Dissipation   115 max. watts 

Typical CCS Operation: 

DC Plate Voltage  
DC Grid-No.2 Voltage  
DC Grid-No.l Voltage  
DC Plate Current  
DC Grid-No.2 Current  
DC Grid-No.l Current  
Driver Power Output (Approx.) 
Useful Power Output (Approx.) 

At 400 MHz At 1215 MHz 
400 900 900 volts 
200 300 300 volts 
—35 —30 —22 volts 
150 170 170 mA 

5 1 1 mA 
3 10 4 mA 
3 3 5 watts 

23 SO 40 watts 

~~ 

~/ 

Maximum Circuit Values: 

Grid-No.l- Circuit Resistance 
under Any Condition   3000 max. ohms ~/ 
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 6884 

DC Plate Voltage  
DC Grid-No.2 Voltage  
DC Grid-No.l Voltage  
DC Plate Current at Peak of Envelope 
DC Grid-No.l Current  
Plate Input  
Grid-No.2 Input  
Plate Dissipation  

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance 

Under Any Condition: 
With fixed bias  
With fixed bias (In Class AB1

operation)  
With cathode bias . .  

Grid-No.2 Circuit Impedance  
Plate Circuit Impedance 

LINEAR RF POWER AMPLIFIER, Class AB16
Single-Sideband Suppressed-Carrier Service 

Peak enuelope conditions (or a signal hauing 
a minimum peak-to-auerage power ratio of 2 

Maximum CCS Ratings, Absolute-Maximum Values: 
Up to 1215 MHz 

1000 max. volts 
300 max. volts 

-100 max. volts 
250c max. mA 
30 max. mA 

180 max. watts 
4.5 max. watts 
115 max. walla 

25000 max. ohms 

100000 max. ohms 
Not recommended 

See Note d 
See Note e 

Typical CC$ Operation with "Two-Tone" Modulation: 

At 30 MHz 

DC Plate Voltage  650 850 volts 
DC Grid-No.2 Voltage  300 300 volts 
DC Grid-No.l Voltage  -18.5 -18.5 volts 
Zero-Signal DC Plate Current  40 40 mA 
Effective RF Load Resistance  2200 3500 ohms 
DC Plate Current at Peak 

of Envelope  100 100 mA 
Average DC Plate Current  75 75 mA 
DC Grid-No.2 Current at Peak 

of Envelope 8.2 4.2 mA 
Average DC Grid-No.2 Current  3.6 1.7 mA 
Peak-Envelope Driver Power Output 

(Approx.)  0.5 0.5 watt 
Output-Circuit Efficiency (Approx) 90 90 
Distortion Products Level: 

Third Order 35 30 dB 
Fifth Order  40 36 dB 

Useful Power Output (Approx.): 
Average  12.5 20 watts 
Peak envelope  25 40 watts 

° Measured with special shield adapter. 

bSee Section V.C, of 10E-300. 

FOOTNOTES for General Data and Ratings 

circuit adjustment under "Single-Tone" conditions, the aver-
age plate current may be as high as 250 mA. 

dSee Section V.B. 2 of 10E-300. 

cThe maximum rating for a signal having a minimum peak-to- 
average power ratio less than 2, such as is obtained in "Sin-
gle-Tone" operation, is 180 mA. During short periods of 

eSeeSection V.B.1 of 10E-300. 

f In applications where the frequency is less than 80 MHz and 
the bias is less than -50 volts, the maximum value is 40mA. 

CHARACTERISTICS RANGE VALUES 
Note Min. Max. 

1. Heater Current  1 0.48 0.60 A 

2. Direct Interelectrode Capacitances: 

Grid No.l to plate  2 - 0.065 pF 

Grid No.l to cathode & 

heater  2 11.0 15.0 pF 

Plate to cathode & 

heater  2 - 0.013 
p~. 

Grid No.l to grid No.2 2 15.0 20.0 pF 

Grid No.2 to plate  2 4.2 5.2 pF 

Grid No.2 to cathode 

& heater  2 0.20 0.45 pF 

3. Grid-No.l Voltage  1,3 -6 -15 volts 

4. Grid-No.l Cutoff Voltage . . 1,4 - -48 volts 

5. Grid-No.l Current . .. . . . 1,5 6 - mA 

6. Reverse Grid-No.l Current . 1,3 _ g µA 

7. Grid-No.2 Current  1,3 -8 +2,0 mA 

8. Peak Emission  

9. Interelectrode Leakage 

1,6 - 300 peak 

volts 

Resistance .  7 1,0 - megohm 

10. Useful Power Output . . . . 8 80 - watts 

NOTE l: With 26.5 volts ac or do on heater. 

NOTE 2: Measured with special shield adapter. 

NOTE 3: With do plate voltage of 1000 volts, do grid-No.2 
voltage of 300 volts, and do grid-No.l voltage adjusted to 
give a do plate current of 115 mA. 

NOTE 4: With do plate voltage of 1000 volts, do grid-No.2 
voltage of 300 volts, and do grid-No.l voltage adjusted to 
give a do plate current of 1 mA. 

NOTE 5: With plate and grid-No.2 floating and do grid-No.l 
voltage of +2 volts. 

NOTE 6: With grid No.l, grid No.2, and plate tied together; 
and pulse voltage source connected between plate and cath-
ode. Pulse duration is 2 microseconds, pulse repetition fre-
quency is 60 pps, and duty factor is 0.00012. The voltage-
pulse amplitude is adjusted until a peak cathode current of 
10 ampgres is obtained. After 1 minute at this value, the 
voltage-pulse amplitude will not exceed 300 volts (peak). 

NOTE 7: With tpbe at 20°  to 30°  C for at least 30 minutes 
without. any voltages applied to the tube. The minimum re-
sistance between any two adjacent electrodes as measured 
with a 200-volt Megger-type ohmmeter having an internal im-
pedance of 1.0 megohm, will be 1.0 megohm. 
NOTE $: In a single-tube, grid-driven coaxial-cavity class C 
amplifier circuit at 400 MHz and for conditions with 24.0 volts 
ac or do on heater, do plate voltage of 1000 volts, do grid-
No.2 voltage of 300 volts, grid-No.l resistor adjustable be-
tween zero and 10000 ohms, do plate current of 180 mA maxi-
mum, do grid-No.l current of 30 mA maximum and driver power 
output of 3 watts. 
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025 ' 
`Y 0~5 .175 

±.015 

.200 MIN. 

I 
1 
3 
1 

1: 
r 
1 
r. 

RADIATOR CORE 
TEMPERATURE 
MEASUREMENT 
POINT 

-.035 M I N. 

O50 MIN. 

i 
1.69 
2.05 

J65 
MIN. 

iri: 

060 MIN. 

.090 MIN. 

• 
  120 

MIN. 

 L 
.140 
MIN. 

1
. .100 MIN. 

054 
MIN. 

DIMENSIONAL OUTLINE 

L250±.015 
(NOTE la) 

AIR-COOLED _  .: ,::a
RADIATOR 

PLATE TERMINAL 
CONTACT SURFACE 
1.065 MIN. (NOTE Ib) 

GRID-N0.2 TERMINAL 
CONTACT SURFACE 
.985 MIN. (NOTE le) 

GRID-N 0. 1 TERM NAL 
CONTACT SURFAL~ 
.735 MIN. (NOTE Id) 

® CERAMIC 
["""]  (NOTE 2) ~ AXIAL PIN 
• ELECTRODE-TEMPERATURE (NOTE Ig) 

MEASUREMENT POINT 

.095 
MIN. 

4 
.370 
±.020 

1

 -HEATER-CATHODE TERMINAL 
CONTACT SURFACE 
.480 MIN. (NOTE le) 

{~-HEATER TERMINAL 
f CONTACT SURFACE 

.260 MAX.(NOTE I f ) 

DIMENSIONS IN INCHES 

.600 
MIN. 

i

1.030 
«.030 

1.135 
±.045 

82LM-1691 

NOTE 1: The following diametrical space requirements ac- e. Heater Cathode Terminal - 0.519" 
commodate the concentricity of the cylindrical surfaces of the f . Heater Terminal - 0.240" . 
radiator fins, axial pin, and each electrode terminal: g. Axial Pin - 0.071" 

a. Radiator Band - 1.316" 
b. Plate Terminal - 1.119"' NOTE 2: Keep all stippled regions clear. Do not allow con-
c. Grid-No.2 Terminal - 1.019" tacts or circuit components to protrude into these annular 
d. Grid-No.l Terminal - 0.764" volumes. 

PREFERRED MOUNTING ARRANGEMENT 

SHEET METAL 
U.S. STD. GAUGE NplB 

1.250 1.001 
DIA. 

1.1551001 
DIA. 

.905 1.001 ~t
DIA. 

.650 ±.001 
DIA. 

f 
L000 ±.00l --

~sso ±.00l -► 

±:ool ~j f 3~8

~ ~I 

~4 ~  ~ 

  ^_ 225 
  x.005 

 ~  .1 
 ~__~ 

SEE DETAIL°A""~ 

.051 

.osl ~l 

.265 3.005 

T 

328 8-32 
FILLET 
HEAD 

.300 
3.005 

NOTES 
185 

.850 
NOTES 2.005 
285 

NOTES 
385 

f 360 
NOTES .145 1.005 
4 8 5 1.005 

-140 3.005 
.350 2.001 DIA. 

.260 
DIA. 

-..~ 

.126 
±.005 

.I 56 ±.001 -.I T  ~+ 
DIA' 

92CM-9223R2 
DETAIL ~A 

DIMENSIONS IN INCHES 

TERMINAL DIAGRAM 

See Dimensional Outline jor Terminal Connections 

NOTE 1: Contact ring No.97-252 or finger stock No.97-380. 

NOTE 2: Contact ring No.9?-253 or finger stock No.97-380. 

NOTE 3: Contact ring No.97-254 or finger stock No.97-380. 

NOTE 4: Contact ring No.97-255 or . finger stock No.97-380. 

NOTE 5: The specified contact ring of preformed finger stock 
and finger stock N o.97-380 provide adequate electrical con-
tact, but the Finger stock No.97-380 is less susceptible to 
breakage than the specified contact ring. Both types are made 
by Instruments Specialties Co., Little Falls, N,J. 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use: 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 
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TUNING CHARACTERISTICS 
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-5-



6884 

TYPICAL CONSTANT-CURRENT CHARACTERISTICS 
With Grid-No.2 Volts = 300 

RATED HEATER VOLTS 
GRID No.2 VOLTS=300 
PLATE MA=Ib  
GRID No. 2 MA=IO2 _ _ _ _ _ 
GRID No.l MA=ICI  
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92CM-11749 
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS 
With Grid-No.2 Volts = 200 

RATED HEATER VOLTS 
GRID No.2 VOLTS=200 
PLATE MA=Ib 
GRID No. 2 MA=IC2 -- — --
GRID No. l MA=ICI  — 
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6884 

FORCED-AIR COOLING 
Air Flow: 

Through radiator -Adequate air flow to limit the radiator 
core temperature to 2500 C should be delivered by a 
blower across the radiator before and during the applica-
tion of plate, grid-No.2, and grid-No.l voltages. Typical 
values of air flow directed across the radiator versus 
plate dissipation are shown in two graphs under Typical 
Cooling Requirements. 

To Plate, Grid-No.2, Grid-No.l, Cathode, and Heater 
Terminals — A sufficient quantity of air should flow 
across each of these terminals so that their temperature 
does not exceed the specified maximum value of 250o C. 

During Standby Operation -Cooling air is not normally 
required when only heater voltage is applied to the tube. 

Plate power, grid-No.2 power, heater power, and air flow 
may be removed simultaneously. 

At sea level cooling requirements with air flow directed 
across the radiator with cowling as indicated may be met 
by use of blowers and associated motors manufactured by 
Rotron Mfg. Co., lnc., Woodstock, N.Y., or equivalent. 

nnu niLniui uinunnu uui n.unuiu~~„ ~ 
AIR FLOW DIRECTED THROUGH RADIATOR 
FROM I" X I I/2" ORIFICE LOCATED III/q" 
FROM RADIATOR. 
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DIAGRAM. 

 MAX. ALLOWABLE TEMPERATURE  
RISE WITH INCOMING-AIR TEMP-

ERATURE OF 25'C 

20 40 60 90 100 I 

PLATE DISSIPAT tON—WATTS 

92CM-9219R1 



This bulletin also appl ies to RCA-6914A 
which is identical with RCA-6914 except 
for the additional special-performance 

test shown on page 4. 

The 691uA is Unilaterally Interchangeable 
with the 691 U. 

6914 
IMAGE-CONVERTER TUBE 

Monovoltage Type 
High Resolution S-I Response 

6914A 

2.975" Max. Length 
1.905" Max. Diameter 

RCA-6914 is a self-focusing image-converter 

tube useful in combination with suitable optical 

systems for viewing a scene irradiated with near-

infrared radiation. It 

uti l izes a semitransparent 

photocathode at one end 

on which the scene to be 

v iewed is focused by 

means of an optical ob-

jective. The image on 

the photocathode is elec-

trostatical ly focused on 

the fluorescent screen 

at the other end of the 

tube by electron-optical 

methods to forma reduced 

image which can be viewed 

with an optical magnifier. 

The inverted image pro-

duced by the optical 

system on the photocathode is reinverted by the 

6914 to give an observed image that is erect. 

The 6914 is a monovoltage type, i.e., it 

operates with only a single voltage appl ied 

between its two terminals, and remains in focus 

with any appl ied voltage in the operating range 

from 5000 to 16000 volts. The voltage may be 

obtained from an unregulated rectified-power 

supply without a bleeder. Fi ltering can be pro-

vided by a single capacitor. Its value should 

be such as to provide a high ratio of average do 

voltage to ripple voltage in order to obtain the 

highest average voltage, and hence the highest 

screen brightness, without exceeding the maximum 

voltage rating of the tube. Undertypical viewing 

conditions, the value of operating power is about 

10 mi l l iwatts at 16000 volts. 

~A 

Electrostatic Focus 

E1 ECTRON 
TUBE 

Features of the 6914 include a high ratio of 

l ight output to infrared-energy input, a minimum 

resolution of 25 1 ine-pairs per mi l l imeter at the 

center of the photocathode, and low pincushion 

distortion. These features,together with those 

of smal l size, low power requirements, and self-

focusing over a wide range of operating voltage, 

make the 6914 especial ly useful in portable 

equipment. 

DATA 

General: 

Spectral Response S-1 
Wavelength of Maximum Response 8000 11000 angstroms 
Photocathode. Semi transparent: 

Shape Convexo-Concave 
Minimum useful diameter  1.000" 

Fluorescent Screen: 
Shape Plano-Plano 
Minimum useful diameter  0.860" 
Phosphor P20 Aluminized 

Fluorescence   Yellow-Green 
Phosphorescence  Yellow-Green 

Persistence  Medium-Short 
Focusing Method (Self-focusing)   Electrostatic 
Overall Length  2  925" t 0.050" 
Greatest Diameter  1  880" t 0.025" 
Terminals See Dimensional Outline 
Operating Posi tion   Any 
Weight (Approx.)   3 oz 

Maximum Ratings, Absolute-Alaximum Yalues:a
Por altitude u~ to 10000 feet 

ANODE VOLTAGE:b
Average (DC)   16000 max, volts 
Peak Instantaneous   17000 max. volts 

AVERAGE PHOTOCATHODE CURRENT 
(Continuous operation)c. 0.35 max, µA 

PEAK PHOTOCATHODE CURRENT d 3.5 max, µA 
AMBIENT-TEMPERATURE RANGE. -54 to +68 °C 

volts 

Characteristics at Ambient Temperature of 22° C: 
Anode Voltage (DC)b  16000 
Typical Paraxial Magnification 

Facture  0.76 
Minimum Conversion Indexf. 15 
Minimum Resolution9  25 l ine-pairs 

per mm 
Maximum puotienth of Screen 

Background by Conversion 
Index   2.5x10-7 lumen/cm2

a The maximum ratings in the tabulated data are establ ished 
in accordance wi th the following definition of the Abso-
lute-Alazimum Rating System for rating electron devices. 
Absolute-Maximum ratin~sarel imiting values of operating 
and environmental conditions appl icable to any electron: 
device of a specified type as defined by i ts publ ished 
data, and should not be exceeded under the worst probable 
c ontli lion s. 
The device manufacturer chooses these values to provide 
acceptable serviceabi l i ty of the device, taking no 
responsibi l i ty for equipment variations, environmental 
variations, and the effects of changes in operating 
conditions due to variations in device characteristics. 

~ Indicates a change. 
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The equipment manufacturer should design so that initially 
and throughout l ife no Absolute—Maximum value for the 
intended service is exceeded with any device under the 
worst probable operating condi tions wi th respect to 
supply—voltage variation, equipment component variation, 
equipment control adjustment, load variation, signal 
variation, environmental conditions, and variations in 
device characteristics. 

Referred to photocathode. 

Averaged over any interval of 10 seconds maximum. 

The 6914 and the 6914A should not be subjected to this 
peak photocathode current value more than 10 times during 
the useful l ife of the tubes. No single time period 
during which this current is drawn should exceed 2 minutes. 

Defined as the ratio of the l inear size of the image 
on the fluorescent screen to the l inear size of the image 
on the photocathode. The image on the photocathode 
consists of two parallel l ines 0.08" long, each located 
0.10" from the tube axis. Size of the image on the 
fluorescent screen is determined by measuring the spacing 
between the two parallel l ines. 

Ratio of luminous flux from fluorescent screen to the 
product of the luminous flux incident on Corning No.2540 
Infrared Filter (Melt No.1613, 2.61 mm thick), or 
equivalent, and the fi lter factor of 11.6 per cent. 
The l ight source is a tungsten-filament lamp operated 
at a color temperature of 2870° K. 

The resolution, both horizontally and vertically in a 
0.24-inch-diameter circle centered on the photocathode, 
is determined wi th a pattern consisting of alternate 
black and whi te l ines of equal width. Any two adjacent 
l ines are designated as a 'l ine-pair". 

The value of this quotient for any individual tube 
multipl ied by the square of the magnification factor of 
the tube gives that value of the incident illumination 
from a 2870° K source required to produce an increase 
in screen brightness equal to the screen background. 

OPERATING CONSIDERATIONS 

Handling. The 6914 should be handled by the 
metal terminals. Fingerprints on the glass should 
be avoided since they cause leakage current, 
corona, and higher screen background. To minimize 
the possibi l ity of leakage current and corona, 

the external surface of the glass side wal l is 
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Fig.1 — Spectral Sensitivity Characteristic of 
Tybe 6914 which has S-1 Response. Curve is 
shown for Equal Values of Radiant Power at 

All Wavelengths. 

coated with a transparent, non—hygroscopic fi lm. 
This fi lm should be cleaned only with a soft 
dry cloth. 

The spectral response of the 6914 is shown 
by the curve of Fig. 1. 

The fluorescent screen employs the fine—grain 
phosphor P20 which fluoresces to produce a yel low—
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Fig.2 — Spectral—Energy Emission Characteristic 
of Phosphor P2o. 
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Fig.3—Persistence Characteristic of PhosphorP2o. 

green luminescence. It has good visual qual ities 
as wel l as high luminous efficiency. Thespectral—
energy emission characteristic of phosphor P20 
is shown in Fig.2 and its persistence character—
istic in Fig. 3. 

The light output from the 6914 as a function 
of anode voltage is given in Fig.4. 
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The effect on magnification, pincushion dis-
tortion, and resolution as the distance is in-
creased from the center of the photocathode 
toward its edge, is shown by the curves in Fig. 5. 

Subjecting the 6giq to intense incident-
radiation levels may temporari ly decrease the 
tube's sensitivity even though there is no voltage 

appl ied. The magnitude and duration of this 
decrease depend on the length of exposure. Perma-
nent damage to the tube may resu It i f i t i s exposed 
to radiant energy so great as to cause excessive 
heating of the photocathode. 

Connections to the two terminals of the tube, 
indicated on the Dimensional Outline, should not 
be soldered to the terminals. They may be made 

LIGHT INPUT OF 0.1 LUMEN FROM 2870' K TUNGSTEN SOURCE 
INCIDENT ON CORNING Ns2540 INFRARED FILTER. 

IRRADIATED PHOTOCATHODE AREA HAS DIAMETER OF 3/4 INCH. 

0 2 4 6 8 10 
ANODE KILOVOLTS 

12 14 16 

92C5-9921RI 

Fig.q - Typical Characteristic of Type 6giq. 

by spring fingers engaging the rim orthe straight 
side of each terminal. 

Magnetic shielding of the 6914 is required 

to minimize the effects of extraneous fields on 

tube performance. It is to be noted that ac 

magnetic fields are particularly objectionable 

in that they seriously impair tube resolution. 

If an iron or steel case is used, care should be 
taken in its construction to insure that the 
case is completely demagnetized. 

A mounting-arrangement guide is shown in Fig. 6. 
It is intended to point out some of the areas that 
must be considered when designing a mounting 
arrangement. For example, to avoid corona effects, 
the metal parts on the end of the tube that are not 
at ground potential must be free of sharp edges. 
The tube is normal ly operated with the anode end at 

ground potential. However, either end of the tube 

may be grounded. The photocathode potential ex-
tends from the photocathode flange to the sl ight 
indentation in the tube envelope. Any mounting 

fixture at anode potential must, therefore, be 
insulatedfromthisareaofthebulb. The pressure 
holding the tube in compression may be as high as 
40 pounds. However, only the minimum amount of 
uniformly distributed pressure necessary to hold 

the tube firmly in position for a given appl i-
cation should be employed. 

The do supply voltage for the 6914 may be 
obtained from a suitable high-voltage power-supply 
unit. Such units are offered commercial ly by 
several manufacturers l isted in buyers guides. 

PINCUSHION DISTORTION PER CENT - Mx _ ---"""""""""""""""~ ) 
-~Mc 

I~ x 100. ........._.  

WHERE 
Mx=MAGN F CATION AT DISTANCE "X" FROM 

CENTER OF PHOTOCATHODE 
Mc= MAGN F CATION AT CENTER OF 

PHOTOCATHODE 

0 O.I 02 0.3 0.4 OS 
RADIAL D STANCE ON PHOTOCATHODE 
FROM CENTER TOWARD EDGE—INCHES 

92CM-992081 

Fig.g - Typical Characteristics of Type 6gsq 

The high voltage at which the 6giq is operated 
may be very dangerous. Greatcare should be taken 

in the design of apparatus to prevent the user 

from coming in contact with the high voltage. 

Precautions must include safeguards which el imi-

nate al l hazards to operating personnel. In the 

use of high-voltage tubes, such as the 6914, it 
should always be remembered that high voltage 
may appear at normal ly Ipw-potential points in 

the circuit because of capacitor breakdown or 

incorrect circuit connections. Before any part 

of the circuit is touched, the voltage-supply 

switch should be turned off and both terminals 

of any capacitors grounded. 

- 3 - 



MOUNTING ARRANGEMENT GUIDE 
INSULATING MATERIAL CATHODE CONTACT 

SPRING ANODE CONTACT 
9205-13222 

Fig. 6. 

TERMINAL CONNECTIONS 
(See Dimensional Outlinel 

DIRECTION OF INCIDENT RADIATION: 
PERPENDICULAR TO 

PHOTOCATHODE END OF TUBE 

SGREEN~ANODE _Gp CL 

K, G I 

CL: COLLECTOR 

Gi: GRID No.i (FOCUSING 
ELECTRODE) 

G2: GRID No.2 (FOCUSING d 
ACCELERATING ELECTRODE) 

K: PHOTOCATHODE 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 

DIMENSIONAL OUTLINE 

SEE DETAIL"A~ 

.895" 
±.030" 

PHOTOCATHODE 
TERMINAL 

NOTE 2 

400',', 
2~.0 2 5 

't' 1.880" ~ .025" ~ 
D A, 

1.687" 1.007" 
D A. 

USEFUL 
PHOTOCATHODE 
1.000" MIN. DIA. 

.098" 
1.030" 

1.796" 
MAX. DIA. 

NOTE 5 
2.718" 

/C/ t.050" 
—.068" 

M 
1.796" 
AX. DIA. 

i 
2.925 " 
1.050" 

~1.687" ~t.007~ ~ ANODE rr~~ DIA• TERMINAL 
. 1880 3.025 

SEE DETAIL~~B ,DIA. 

DETA/L A 1.687'2.007' 
DIA. 

 NOTE 4 

~20" t.030" 
NOTE 3 

USEFUL 
SCREEN 

.860" MIN. DIA. 

DETA/L B 

~'~

92CM 9922 RI 

120"±.030" 
NOTE 3 

.120"±.030" 

— 1.687"t.007" 
DIA. 

NOTE 4 

NOTE I: RADIUS OF CURVATURE OF FACEPLATE IS 2.38" 10.05", 
FACEPLATE THICKNESS AT CENTER IS 0.065" t 0.004", 

NOTE 2: THREE INSULATED LEAD TIPS WILL NOT EXTEND BEYOND 
MAXIMUM O.D. OF TUBE. LEADS ARE USED ONIY DURING TUBE 
MANUFACTURE. 

NOTE 3: DEPTH IS MEASURED TO TANGENT OF THE TWO RADI I. 

NOTE 4: DIAMETER IS MEASURED TO TANGENT OF THE TWO RADI I. 

NOTE 5: THE EXHAUST TIP WILL NOT EXTEND BEYOND MAX. DIA. 
OF TUBE. 

6914A 
The 6914A is an image—converter tube l ike RCA-6914 except that it is 

processed and tested to meet the fol lowing special—performance test: 

Max. Luminous Equivalent of Infrared Radiation 

for Threshold Visibi l ity'  4. Ix 10-11 lumen 

* Radiation from a tungsten lamp operating at a color temperature of 2870° K is passed 
through a Corning No.2540 Infrared Filter and focused to a point on the photocathode. The 
resulting image on the fluorescent screen is viewed by a dark—adapted eye through a 10—
power ocular. The amount of infrared radiation for threshold visibility is determined 
by reducing the incident radiation unti l the image on the screen can just be discerned. 
The luminous equivalent of this amount of infrared radiation is the value of luminous 
flux from a 28700 K source which produces a response equal to that produced by the 
infrared radiation when both are measured with a receiver having S-1 spectral response. 

— 4 — 



This bulletin also appl ies to RCA-4477 except that 
the minimum resolution rating of the 4477, at an anode 
voltage of 12000 volts dc, is 60 l ine-pairs per mm. 
The U499 is Unilaterally Interchangeable with the 6929 

4477 

Electrostatic Focus 
High Resolution 

RCA-6929 
IMAGE-CONVERTER TUBE 

Monovo tage Type 
$-1 Response 

2.335"Max. Length 
1.375"Max. Diameter 

R('A-6929 is a self-focusing image-converter 
tube useful in combination with suitable optical 
systems for viewing a scene irradiated with near-

infrared radiation. It utilizes 
a semitransparent photocathode 

at one end on which the scene 

to be viewed is focused by 
means of an optical objective. 
Electrons from the image on 
the photocathode are electro-
statically focused on the 
fluorescent screen at the other 

end of the tube by electron-
optical methods to form a 

reduced image which can be 
viewed with an optical magni-

fier. The inverted image produced by the optical 

system on the photocathode is reinverted by the 

6929 to give an observed image that is erect. 

The 6929 is a monovoltage type, i.e., it 
operates with only a single voltage applied be-

tween its two terminals, and remains in focus 

with any applied voltage in the operating range 

from 8000 to 12000 volts. The voltage may be 

obtained from an unregulated rectified-power 

supply without a bleeder. Filtering can be pro-

vided by a single capacitor. Its value should 

be such as to provide a high ratio of average do 

voltage to ripple voltage in order to obtain the 
highest average voltage, and hence the highest 

screen brightness, without exceeding the maximum 

voltage rating of the tube. Linder typical view-

ing conditions, the value of operating power is 

less than 10 milliwatts at 12000 volts. 

Features of the 6929 include a high ratio of 

light output to infrared-energy input, a minimum 

resolution of 25 line-pairs per millimeter at 

the center of the photocathode, and low pin-

cushion distortion. These features, together with 

those of small size, low-power requirements, and 

self-focusing over a wide range of operating 

voltage, make the 6929 especially useful in 

portable equipment. 

DATA 

General: 
Spectral Response S-1 

Wavelength of Maximum Response 8000 t 1000 angstroms 

Photocathode, Semitransparent: 

Shape Convexo-Concave f 

Minimum useful diameter  0.750" 

Fluorescent Screen: 

Shape Plano-Plano r 

Minimum useful diameter  0.570" 

Phosphor P20 Aluminized 
Fluorescence   Yellow-Green 
Phosphorescence  Yellow-Green 

Persistence  Medium-Short 

Focusing Method (Self-focusing) Electrostatic 
Overall Length   2.285" t 0.050" 

Greatest Diameter  1.350" t 0.025" 

Terminals See Dimensional Outline 

Operating Position  Any 

Weight (Approx.)   1.5 oz 

Maximum Ratings, Absolute—Maximum Values:a

ANODE VOLTAGE:b
Average (DC)   12500 max. volts 
Peak instantaneous   13000 max. volts 

AVERAGE PHOTOCATHODE CURRENT 
(Continuous operation )o  µA 

AMBIENT TEMPERATURE  °C 
0.35 max. 
75 max. 

Characteristics at Ambient Temperature 

Anode Voltage (DC)b 

Typical Paraxial Magnification 
Factord 

Minimum ConversionfIndexe 
Minimum Resolution  

of 22° C: 

12000 volts 

0.75 
10 
25 line-pairs 

per mm 
Maximum Quotient9 of Screen Back-

ground by Conversion Index 3.3x10-7

a 

lumen/ 
cm2

The maximum ratings in the tabulated data are estab-
lished in accordance with the following definition 
of the Absolute—Maximum Rating System for rating 
electron devices. 

Absolute-Maximum ratings are limiting values of 
operating and environmental conditions applicable to 
any electron device of a specified type as defined 
by its published data, and should not be exceeded 
under the worst probable conditions. 

The device manufacturer chooses these values to pro-
vide acceptable serviceability of the device, taking 
no responsibility for equipment variations, environ-
mental variations, and the effects of changes in 
operating conditions due to variations in device 
characteristics. 

The equipment manufacturer should design so that 
initially and throughout life no Absolute-Maximum 
value for the intended service is exceeded with any 
device under the worst probable operating conditions 
with respect to supply-voltage variation, equipment 
component variation, equipment control adjustment, 
load variation, signal variation, environmental 
conditions, and variations in device characteristics. 

~— Indicates a change. 
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6929 

b Referred to photocathode. 

c Averaged over any interval of 10 seconds maximum. 
d Defined as the ratio of the linear size of the image 

on the fluorescent screen to the linear size of the 
image on the photocathode. The image on the photo-
cathode consists of two parallel lines 0.08" long, 
each located 0.08" from the tube axis. Size of the 
image on the fluorescent screen is determined by 
measuring the spacing between the two parallel lines. 

e Ratio of luminous flux from fluorescent screen to 
the product of the luminous flux incident on Corning 
No.2540 Infrared Filter (Me1tNo.1613, 2.61 mm thick), 
or equivalent, and the filter factor of 11.6 per 
cent. The light source is a tungsten-filament lamp 
operated at a color temperature of 2870° K. 

f The resolution, both horizontally and vertically in 
a 0.15-inch-diameter circle centered on the photo-
cathode, is determined with a pattern consisting of 
alternate black and white lines of equal width. Any 
two adjacent lines are designated as a "line-pair". 

9 The value of this quotient for any individual tube 
multiplied by the square of the magnification factor 
of the tube gives. that value of the incidentillumi-
nation from a 2870° K source required to produce an 
increase in screen brightness equal to the screen 
background. 

OPERATING CONSIDERATIONS 

Handling. The 6929 should be handled by the 
metal terminals. Fingerprints on the glass should 
be avoided since they cause leakage current, 
corona, and higher screen background. To minimize 
the possibility of leakage current and corona, the 
external surface of the glass side wall is coated 
with a transparent, non-hygroscopic film. This 
film should be cleaned only with a soft dry cloth. 

The spectral response of the 6929 is shown by 
the curve of Fig. 1. 
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Fig.1 -Spectral Sensitivity Characteristic of 
Type 6929 which has S-1 Response. Curve is 
shown for Egual Values of Radiant Power at 

Al l Wave lengths. 

The fluorescent screen employs the fine-grain 
phosphor P20 which fluoresces to produce a yellow-

green luminescence. It has good visual qualities 
as well as high luminous efficiency. The spectral-
energy emission characteristic of phosphor P20 is 
shown in Fig.2 and its persistence characteristic 
in Fig. 3. 
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Fig.2 -Spectral-Energy Emission Characteristic 
of Phosphor P20. 
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Fig.3-Persistence Characteristic 
of Phosphor P20. 

The effect on magnification, pincushion dis-
tortion, and resolution as the distance is in-
creased from the center of the photocathode 
toward its edge is shown by the curves in Fig. 4. 

The light output from the 6929 as a function 
of anode voltage is given in Fig. S. 
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 6929 

Subjecting the 6929 to intense incident-
radiation levels may temporarily decrease the 
tube's sensitivity even though there is no voltage 
applied. The magnitude and duration of this 
decrease depend on the length of exposure. Perma-
nent damage to the tube may result if it is 
exposed to radiant energy so great as to cause 
excessive heating of the photocathode. 

PINCUSHION DISTORTION (PER CENT)=~M~ -1)x100 
WHERE: 

Mx=MAGNIFICATION AT DISTANCE'~X" FROM 
CENTER OF PHOTOCATHODE 

MC=MAGNIF CATION AT CENTER OF 
PHOTOCATHODE nuuo 
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Fig.4 - Typical Characteristics of Type 6929. 

Connections to the two terminals of the tube, 
indicated on the Dimensional Outline, should not 
be soldered to the terminals. They may be made 
by spring fingers engaging the rim or the straight 
side of each terminal. 

Magnetic shielding of the 6929 is required to 
minimize the effects of extraneous fields on tube 
performance. It is to be noted that ac magnetic 
fields are particularly objectionable in that 
they seriously impair tube resolution. If an 

iron or steel case is used, care should be taken 
in its construction to insure that the case is 
completely demagnetized. 

A mounting-arrangement guide is shown in Fig. 6. 
It is intended to point out some of the areas that 
must be considered when designing a mounting 
arrangement For example, to avoid corona effects, 

LIGHT INPUT OF O.I LUMEN FROM 2870 K TUNGSTEN SOURCE 
INCIDENT ON CORNING N>'2540 INFRARED FILTER. 

IRRADIATED PHOTOCATHODE AREA HAS DIAMETER OF 3/4 INCH. 
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Fig.5 -Typical Characteristic of Type 6929. 

the metal parts on the end of the tube that are not 
at ground potential must be free of sharp edges. 
The tube is normally operated with the anode end 
at ground potential. However, either end of the 
tube may be grounded. The photocathode potential 
extends from the photocathode flange to the slight 
indentation in the tube envelope. Any mounting 
fixture at anode potential must, therefore~be 
insulated from this area of the bulb. The pres-
sure holding the tube in compression may be as 
high as 40 pounds. However, only the minimum 
amount of uniformly distributed pressure necessary 
to hold the tube firmly in position for a given 
application should be employed. 

The do supply voltage for the 6929 may be 
obtained from a high-voltage power supply unit. 
Units are offered commercially by several manu-
facturers listed in buyers' guides. 

The high voltage at which the 6929 is operated 
may be very dangerous. Great care should be taken 
in the design of apparatus to prevent the user 
from coming in contact with the high voltage. 
Precautions must include safeguards which elimi-
nate all hazards to operating personnel. In the 
use of high-voltage tubes, such as the 6929, it 
should always be remembered that high voltage may 
appear at normally low-potential points in the 
circuit because of capacitor breakdown or in-
correct circuit connections. Before any part of 
the circuit is touched, the voltage-supply switch 
should be turned off and both terminals of any 
capacitors grounded. 

-3-



6929 

MOUNTING ARRANGEMENT GUIDE 

INSULATING MATERIAL CATHODE CONTACT 

SPRING ANODE CONTACT 

9205-13222 

Fig.6. 

TERMINAL CONNECTIONS 

(See Di~aensional Outline) 

DIRECTION OF INCIDENT RADIATION: 
PERPENDICULAR TO 

PHOTOCATHODE END OF TUBE 

SCREEN~ANODE ~Gp~GL 

K,GI 

CL: COLLECTOR 

G1: GRID No.i 
(FOCUSING ELECTRODE 

G2: GRID No.2 (FOCUSING & 
ACCELERATING ELECTRODE 

K: PHOTOCATHODE 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 

DIMENSIONAL OUTLINE 

SEE DETAIL ~A= 

.741" 
±.030" 

PHOTOCATHODE 
TERMINAL 

NOTE 2 

1.20
0'+085" 

DIA. 
_? 

.645" 
± .090'• .385" 

±.025" 

4 1.350" ~ .025" -. 
DIA. 

1.210" ±.005"~ 

DtA. 

USEFUL 
-PHOTOCATHODE 

.750"MIN. DIA. 

Y

.095 " 
1.030" 

1.315" 
MAX. DIA. 

NOTE 4 

1.315" 

t

2.285" 
1.050" 

2.000" 
3.035" 

MAX. DIA. 

SEE DETAIL"B" 

.17o'm.o  3030
NOTE 3 

,17o'i.o3o 
NOT} 3 

1.210" ±A05"~I NA ODE 
D A" TERMINAL 

1.350"~ .025" 
DIA. 

DETA/L B 

USEFUL 
SCREEN 

.570" MIN. DIA. 

I 

92CM-9995R2 

—1.210"±.00s" 

NOTE I: RADIUS OF CURVATURE OF FACEPLATE IS 1.230" ± 
0.005"; FACEPLATETHICKNESS AT CENTER IS 0.060" ± O.00u". 

NOTE 2: THREE INSULATED LEAD TIPS WILL NOT EXTEND 
BEYOND MAXIMUM O.D. OF TUBE. LEADS ARE USED ONLY 
DURING TUBE MANUFACTURE. 

NOTE 3: DEPTH IS MEASURED TO TANGENT OF THE TWO RADI I. 

NOTE 4: TIP WILL NOT EXTEND BEYOND MAXIMUM O.D. OF TUBE. 



This bul letin is to be 
used in conjunction with 
publ ication RCA Photo-
conductive Cells— ICE-230. 

6957 
PHOTOCONDUCTIVE CELL 

Cadmium-Sulfide, Head-On Type 

S-15 Response 

Actual Size 

RCA-6957 is a sturdy, 

head-on type of cadmium-

sulfide photoconductive 

cel l intended for use in 

street -l ighting cont ro I and 

i n a vari ety of i ndust ri al 

l ight-operated control 

appl ications. Featuring 

high i l lumination sensi-

tivity, the 6957 is capable 

of direct relay operation 

without the use of an ampl i-

f i er. The spectral response 

of the 6957 covers the 

approximate range from 

3300 to 7400 angstroms. 

Maximum response occurs at 

about 5800 angstroms. 

DATA 

General: 

Spectral Response  S-15 
Wavelength of Maximum Response 5800 t 500 angstroms 
Sensi tive Surface, Including Metall ic Electrodes: 
Shape  Rectangular 
Length (Minimum)  0  650 in. 
Width (Minimum)  0  540 in. 
Area (Minimum)  0  35 sq. in. 

Maximum Overall Length   2-7/92 in. 
Maximum Seated Length  1-11/16 in. 
Seated Length to Plane of 

Sensi tive Surface  it 3/32 in. 
Maximum Diameter   1-9/32 in. 
Bulb   T9 
Base .Intermediate-Shell Octal 
Operating Position  
weight (Approx.) 

5-Pin (JEDEC No.85-10) 
Any 

0  9 oz 

Maximum Ratings, Absolute-Maximum Values:a

VOLTAGE BETWEEN TERMINALS 
(DC or Peak AC)   250 max. volts 

POWER DISSIPATION —
Sensi tive surface fully 

illuminated: 
Continuous service 0  5 max. watt 
Demand serviceb 0  8 max. watt 

Sensitive surface partially 
illuminated: 
Continuous service 1  4 max. watt/sq. in. 
Demand serviceb 2  3 max. watt/sq. in. 

PHOTO CURRENT   50 max. ma 
AMBIENT TEMPERATURE RANGE  -75 to +60 °C 

Characteristics: 

Under conditions with do voltage of 50 volts be-
tween terminals and ambient temperature of 250 C 

Min. Median Max. 

Sensi tivi ty: 
Illuminationod   Z u 8 ma/fc 

Photo currentCe   - - 20 µa 

Rise   See Fig.2 of publication ICE-230 
Decay  See Fig.3 of publication ICE-230 

a 

b 

c 

d 

e 

The maximum ratings in the tabulated data are establ ished 
in accordance with the following definition of the Abso-
lute-Maximum Rating System for rating electron devices. 
Absolute-Maximum ratings arel imi ting values of operating 
and environmental conditions appl icable to any electron 
device of a specified type as defined by i ts publ ished 
data, and should not be exceeded under the worst 
probable conditions. 
The device manufacturer chooses these values to provide 
acceptable serviceabi l i ty of the device, taking no 
responsibil i ty for equipment variations, environment 
variations, and the effects of changes in operating 
conditions due to variations in device characteristics. 
The equipment manufacturer should desisn so that ini tially 
and throughout l i fe no Absolute-Maxlmum value for the 
intended service is exceeded wi th any device under 
the worst probable operating conditions wi th respect to 
supply voltage variation, equipment component variation, 
equipment control adjustment, load variation, signal 
variation, environmental conditions, and variations 
in device characteristics. 

The demand rating may be uti l ized twice every 24 hours 
for a period of 20 minutes each time provided the 
interval between demand periods is not less than 4hours. 

This characteristic is determined after the 6957 has 
been exposed to 50 to 100 footcandle illumination (white 
fluorescent l ight) for a period of u to 5 hours. 

For condi tions where the l ight source is a tungsten-
filamentlampoperated ata color temperature of 28700 K. 
Incident illumination is 1 footcandle. 

Measured 10 seconds after removal of incident illumination 
of 1 footcandle. 

DEFINITION 

Illumination Sensitivity. The quotient of output current by 
the incident i llumination, at constant electrode voltages. 

OPERATING CONSIDERATIONS 

Photocurrent as afunction of voltage between 

terminals at different values of cel l i l lumination, 

and cel l resistance (dc) as a function of cel l 

i l lumination are shown in Fig. l and Fig. 2, 

respectively. 

The base pins of the 6957 fit the octal 

5-contact socket. The socket should be made of 

high-grade, low-leakage material and should be 

instal led so that incident l ight fal ls on the 

face end of the cel l. 

A typical circuit for the 6957 is shown in 

Fig.3. In this circuit, the relay is normal ly 

energized when the l ight is incident on the cel l. 

Trademarks) ® Registered 
Marca(s) Ragistrado(s) 

ELECTRON TUBE DIVISION 

RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY 

6957 5-61 

Printed in U.S.A. 



When the l ight is interrupted or when the l ight to permit adjustment of the photocurrent. The 

level decreases to a predetermined value, the circuit of Fig.3 operates with l ight levels as 

relay operates. The potentiometer is employed low as I footcandle. 

LIGHT SOURCE IS ATUNGSTEN-FILAMENT LAMP 
OPERATED AT A COLOR TEMPERATURE OF 2870° K 

AMBIENT TEMPERATURE=25° C 
FULLY ILLUMINATED. SENSITIVE SURFACE OF CELL 
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Fig. i —Average Characteristics 
o.f Tyye 6g57• 
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LIGHT SOURCE IS ATUNGSTEN-FILAMENT LAMP 
OPERATED AT A COLOR TEMPERATURE OF 2870° K. 

AMB ENT TEMPERATURE=25° C 
SENSITIVE SURFACE OF CELL FULLY ILLUMINATED. 
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Fig.a—Average Cell Resistance (DC) 
of Tyke 6957. 
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(N1763 
TYPE RI 

PHOTOCELL 

117V 
AC 

_ 
~ r~7 R3 

DC~ 
RELAY 

~' 0 
IS AT ARMATURE 

o 
* THE RELAY FRAME 

POTENTIAL AND SHOULD BE CONTROLLED 
INSULATED FROM A COMMON CIRCUIT 
CHASSIS FOR SAFETY REASONS. 

92CS-11096 

C 8 µf, electrolytic, 250 volts (dc working) 

R 1: 5.6 ohms, 1 watt 

R2: 25000-ohm potentiometer, 2 watts 

R3: 10000 ohms, 1 watt 

DC Relay: Sigma, Type 11F-9000 G/SIL, or equivalent. 
9000 ohms, 2.4 ma operating current. 

Fig.3 — Typical High—Sensitivity Circuit 
.for Type 6957• 

BASING DIAGRAM 
Bottom View 

TERMINAL 

NC 

NC TERMINAL 
DIRECTION OF LIGHT: 
INTO END OF BULB 

8HV 

PIN 1: NO CONNECTION 

PIN 2: NO CONNECTION 

PIN 4: TERMINAL 

PIN 6: NO CONNECTION 

PIN 8: TERMINAL 

DIMENSIONAL OUTLINE 

S ENSITIVE~ 
SURFACE 

SENSITIVE 
SURFACE 1 

T9 BULB 

BASE 
JEDEC GROUPI 

No. 85-10 

C 

MAX. 

19/32 MAX. 

.sao" 
MIN. 

—DIRECTION 
OF LIGHT 

4 I I I/i6~ 
MAx. 

I" 
~ 

3/32 i 
2 T/32 
MAX. 

92CM-9201R1 

PLANE THROUGH MINOR AXIS (CC') OF SENSITIVE SURFACE 
AND CELL AXIS MAY VARY FROM PLANE THROUGH THE CELL 
AXIS AND PINS No.4 AND 8 8Y AN GULARTOLERANCE(MEASURED 
ABOUT THE CELL AXIS) OF f 100. 

Information furnished by RCA is bel ieved to be accurate 
and rel iable. However, no responsibil ity is assumed by 
RCA for its use; nor for any infringements of patents 
or other rights of third parfies which may result from 
i ts use. No l icense is granted by impl ication or 
otherwi se under any patent or patent rights of RCA. 
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PHOTOCONDUCTIVE CELLS 
Cadmium-Sulfide Types 

S-15 Response 

Information shown on these gages is to be used in con-
junction with the attached technical bulletin only. 

RCA cadmium-sulfide photoconductive cel ls sitive cadmium-sulfide is located between metal-
are designed for use in a variety of l ight-oper- l ic electrodes. 
ated control appl ications. Cel ls of this type Rise time for cel l photocurrent to reach a 
feature: 

steady value after excitation is appl ied is a 
• high to extremely high i l lumination sensitivity function of i l lumination as shown in Fig.2. 

• hermetic seal ing to permit operation under 
conditions of high humidity 

• operation without regard to polarity of appl ied 
voltage 

Spectral response for these cel ls covers the 
approximate range from 3300 to 7400 angstroms as 
shown inFig. l. Maximum response occurs at about 
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Fig.Z - Tentative S¢ectral Sensitivity Character-
istic for Cadmium-Sulfide Cell which has S—ig 
Response. Curve is shown for Equal Values of 

Radiant Flux at all Wavelengths. 

5800 angstroms. Highest sensitivity is therefore 

obtained from yel low-red l ight. The photosen-

CURVES ARE INDEPENDENT OF VOLTAGE. 
AMBIENT TEMPERATURE=25' C 
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Fig.a -Typical Rise Characteristics 

Cadmium-Sulfide Cell. 

Photocurrent decay after removal of excita-

tion is a function of time and i l lumination as 

shown in Fig.3. 
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Fig.3 - Typical Decay Characteristics of 

Cadmium-Sulfide Cell. 
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Cel l Response to pulsed l ight is shown 

Fig.4. 

CURVES ARE INDEPENDENT OF VOLTAGE. 
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Fig.q —Response Characteristics o.f Cadmium—
Sulfide Cell to Pulsed Light. 

in decrease depends upon several factors including 

the angle of incidence of the i l lumination, the 

amount ofi l lumination, and the area of sensitive 

surface i l luminated. 

The effect of ambient temperature on cel l 
sensitivity is shown in Fig.5. 

The angle of view of the cel l may be narrowed 
by use of a hood of the desired length placed in 
front of the sensitive surface. 

If the source of radiation is some distance 

from the cel l, the use of al ight-col lecting lens 

system may be desirable to uti l ize more effec-

tively the avai lable radiation. However, when 

such a system is used the radiation should not 

be focused onto such a smal l area that local ized 

overheating of the sensitive surface may result 
with consequent adverse affects on its character-
istics. Exposure of these cel ls to radiation 
(even without voltage appl ied) so intense as to 
cause excessive heating of the cel ls may perma-
nently damage them. 

For a given i l lumination, the output current 

wi l l have its highest value when the incident 

i l lumination is normal (angle of incidence is 0°1 

to the face of the cel l. For greater angles of 
incidence, the output current decreases. The 

CURVES ARE INDEPENDENT 
OF VOLTAGE. 
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Fig.S J Typical Characteristics of 
Cadmium-Sulfide Cell. 

Information furnished by RCA is believed to be accurate 
and rel iable. However, no responsibil ity is assumed by 
RCA for its use; nor for any infringements of patents 
or other rights of thirtl parties which may result from 
i ts use. No l icense is granted by impl ication or 
otherwise under any patent or patent rights of RCA. 



7~~8 
MAGNETRON 

Integral Magnet 

Forced-Air Cooled 

Servo Tunable 
8500 - 9600 Mc 

For Pulsed-Oscillator Service 

TENTATIVE DATA 

220 Kw Peak 
Power Output 

RCA-7008 is a tunable magnetron intended for 

service as a pulsed osci l lator at frequencies 

between 8500 and 9600 megacycles per second. It 

offers the advantages of providing an adjustable 

frequency for radar equipment and of permitting 
servo tuning of such equipment whi le it is in 
operation. 

The 7008 operates with high efficiency and 
with ful l power ratings at pulse durations up to 

2.75 microseconds. It has a maximum peak input 

power rating of 630 ki lowatts, a maximum peak 

anode voltage rating of 23 ki lovolts, and a maxi—
mum peak anode current rating of 27.5 amperes. 
When operated at a peak anode current of 27.5 
amperes, corresponding to a peak anode voltage 
of about 22 ki lovolts, the 7008 is capable of 
giving a peak power output of approximately 220 
ki lowatts. 

The design of the 7008 features excel lent 
stabi l ity at ahigh rate of rise of anode voltage 
and provides good spectrum shape, low pushing 
figure, good frequency stabi l ization, low thermal 

drift during warm—up and after tuning, and a 
relatively uniform power output over its fre—

quency band. In addition, the 7008 design in—
cludesa servo—drive shaft with associated digital 
indicator. This shaft operates with low torque 
and has low backlash over the rated temperature 
range of the tube. The 7008 employs an axial 
cathode having good structural rigidity; a getter 
to maintain a high vacuum and minimize any ten—
dency toward arcing after a period of storage; 
and an output waveguide which can be coupled to 
a standard JAN RG-51/U waveguide by means of a 
modified JAN UG-52A/U choke flange. A double—
hel ical heater minimizes mechanical resonance of 
the heater and reduces hum modulation at the 
power—l ine frequency. 

The output waveguide flange and the mount—

ing flange are designed to permit use of pres—
sure seals. The heater—cathode stem of the 

7008 wi l l operate without electrical break—

down at atmospheric pressures as low as 600 mm 
of mercury. 

The 7008 is electrical ly simi lar to tun—

able type 6865—A as wel l as to the fixed—fre—

quency type 4J50 and has a simi lar mounting 
arrangement. 

GENERAL DATA 

Electrical: 
Heater, for Unipotential Cathode: 

Voltage (AC or DC)   13.75 t 10; volts 
Current at 13.75 volts  3.15 amperes 
Starting Current. .The maximum instantanQ ous sta rti0g 
current must never exceed 12 amperes even momentarily 

Minimum Cathode Heating Time. 2.5 minutes 

Frequency   8500 - 9600 Mc 

Maximum Frequency Pull ing at 
VSWR of 1.5   15 Mc 

Mechanical: 
Operating Position  Any 

Dimensions  See Dimensional Outline 
Air Flow: 
Through Ducts--An air stream should be directed through 
each of the cool ing ducts provided on the tube. Ade-
quate flow should be provided so that the temperature 
of the anode block does not exceed 150° C. Typical air-
flow requirements are shown in Fig.l. 

To Heater-Cathode Terminal--Adequate flow should be pro-
vided to maintain the temperature of the heater-cathode 
terminal below 1650 C. 

Waveguide Output Flange   Mates with Modified JAN 
UG-52A/U Flange 

Servo-Drive Shaft with Associated Cal ibrated Indicator: 
Revolutions (Approx.) to cover full 

range of 8500 to 9600 Mc  160 
Maximum Torque (Absolute) at tuning-

range stops   192 oz-in. 

Typical Torque between -55° and 
+150o C (approx.)   6 oz-in. 

Weight (Approx  )   13 lbs 

PULSED OSCILLATOR SERVICE 

Maximum and Minimum Ratings, Absolute Values: 
For Duty Cycle u~ to 0.0011 max. 

PEAK ANODE VOLTAGE  23 max. 

PEAK ANODE CURRENT  27.5 max. 

PEAK POWER INPUT   630 max. 

AVERAGE POWER INPUT   0.630 max. 

PULSE DURATION   2.75 max. 

RATE OF RISE OF VOLTAGE PULSE: 
For pulse duration of 

1 µsec or less 

For pulse duration greater 
than 1 µsec  

ANODE-BLOCK TEMPERAT 

HEATER-CATHODE TERMI 

LOAD VOLTAGE STANDIN 

URE  

NAL TEMPERATURE 

G WAVE RATIO. . 

f225 max. 
l 70 min. 

200 max. 
70 min. 

150 max. 

165 max. 

1.5 max. 

kv 

amp 

kw 
kw 

µsec 

kv//tSeC 
kv/µsec 

kv/µsec 
kv/µsec 

oC 

oC 

Typical Operation# with Load Voltage Standing Wave Ratio 
Equal to or Less than 1.05, except as noted: 

With Duty Cycle of 0.001 

Heater Voltage See Text 

Peak Anode Voltage  22 22 kv 

Peak Anode Current   27.5 27.5 amp 

TMK ®,Marco Regishada 
Printed in U.S.A 

ELECTRON TUBE DIVISION 
RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY 
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Pulse Repetition Rate . 

Pulse Duration 

RF Bandwidth with worst 
phasing of 1.5 VSWR . 

400 

2.5 

0.5 

4000 

0.25 

5 

cps 

µsec 

Mc 

Side Lobes with worst phasing 
of 1.5 VSWR  8 10 db 

Pull ing Figure at VSWR of 1.5 10 SO Mc 

Pushing Figure 0.2 0.2 Mc/amp 

Thermal Factor for any 30°
range of anode-block tem-
perature between -55°  C and 
1500 C 0.2 0.2 Mc/oC 

Servo-Drive-Shaft Torque. . 6 6 oz-in. 

Frequency Deviation due to 
Tuning Backlash  8 8 Mc 

Peak Power Output (Approx.) 220 220 kw 

CHARACTERISTICS RANGE VALUES FOR 
Note 

EQUIPMENT DESIGN 
Min. Max. 

Heater Current  1 2.8 3.5 amp 

Peak Anode Voltage 2 20 23 kv 

Peak Power Output  3 180 kw 

Pulses Missing from Total 4,5 0.25 

Note 1: With 13.75 volts ac or do on heater. 

Note 2: With peak anode current of 27.5 amperes. For 
heater voltage, see page 5. 

Note 3: With peak anode current of 27.5 amperes corre-
sponding to a peak anode voltage in the order of 
22 kv, anode-block temperature of 115° C approx., 
pulse duration of 2.5 microseconds, and maximum 
load voltage standing wave ratio equal to or less 
than 1.05. For heater voltage, see page 5. 

Note 4: Pulses are considered to be missing if the energy 
level at the operating frequency is less than 70% 
of the normal value. 

Note 5: With Peak anode current of 27.5 amperes corre-
sponding to a peak anode voltage in the order of 
22 kv, anode-block temperature of 115° C approx., 
pulse duration of 0.25 microsecond, load voltage 
standing wave ratio of 1.5 adjusted in phase to 
produce maximum instabi l ity. For heater voltage, 
see page 5. 

~ For atmospheric pressure greater than 600 mill imeters 
of mercury in the vicinity of the heater-cathode stem. 
Operation at pressures lower than 600 mill imeters of 
mercury may result in arc-over across the stem with 
consequent damage to the tube. The waveguide must al-
ways be pressurized to a minimum of 15 psi absolute to 
prevent arcing, especially when there is a mismatched 
load. Arcing in the waveguide due to lack of pressure 
can damage the tube. 

# It is essential that the input circuit be designed so 
that if arcing occurs the energy per pulse del ivered to 
the tube cannot greatly exceed the normal energy per 
pulse. To satisfy this requirement, it is recommended 
that pulsers of the discharging-network type be used. 

OPERATING CONSIDERATIONS 

The maximum ratings shown in the tabulated 

data are l imiting values above which the service-

abi l ity ofi the 7008 may be impaired from the 

viewpoint of l ife and satisfactory performance. 

Therefore, in order not to exceed these absolute 

ratings, the equipment designer has the responsi- 

bi l ity of determining an average design value 

below each absolute rating by an amount such that 

the absolute values wi l l never be exceeded under 

any usual condition of supply-voltage variation, 

load variation, or manufacturing variation in 

the equipment itself. 

The high voltage at which the 7008 is o~er-

ated is very dangerous. Great care should be 

taken in the design ofi apparatus to prevent the 

operator from coming in contact with the high 

voltage. Precautions include the enclosing of 

high-potential terminals and the use of inter-

locking switches to break the primary circuit of 

the power supply when access to the equipment is 

required. 

Magnetic-Field Precautions. In general, 

magnetrons with integral magnets, such as the 

7008, should be stored so as to maintain a mini-
mum distance of 6 inches between tubes. If this 
precaution is not fol lowed, excessive interaction 
between the magnetic fields of adjacent magnets 
may occur with consequent decrease in the strength 
of the magnetic fields. In addition, it is 

important to maintain a minimum distance of 2 

inches between the magnet and any magnetic 

MAXIMUM ANODE-BLOCK TEMPERATURE=150• C••••••• 

10 5 20 25 30 35 40 
TOTAL FLOW OF AIR AT AMBIENT TEMPERATURE—CFM 

92CS-9472 

Fig.z - Tyyical Cooling Requirements for Anode 
Block o.fType 7008 With Duct Arrangement 

Described in Text. 

materials and to use non-ferrous tools during 
instal lation. Fai lure to observe this latter 

precaution may subject the magnet to sharp 

mechanical shocks which may result in demagnet-
ization of the magnet. Furthermore, precautions 
should be observed to insure that the magnetic 
field of the 7008 does not affect nearby instru-
ments and tubes. 

In the handling of the 7008, exercise care 

to prevent rough treatment which might distort 

the metal structure and cool ing ducts. Any such 
distortion may result in loss of vacuum or im-

pairment of the electrical characteristics. The 
tube should never be held by the heater-cathode 

stem because undue strain on the cathode assembly 
wi l l weaken the structure and wi l l result in 
permanent damage to the tube. 

Care should be taken to prevent any foreign 
matter or corrosive substances from entering the 
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recessed cathode terminal or from lodging in the the mounting surface. Captive I/4" — 20 bolts 

opening in the waveguide output flange. As a are provided at the corners of the mounting flange 

for mounting the magnetron. These four mounting 

bolts are held in position during shipment of 

the 7008 by plastic sleeving which also serves 

to protect the bolt threads. 

Fastening the JAN RG-51/U waveguide to the 
waveguide output flange of the tube is accom—
pl ished in the fol lowing manner. A JAN UG-52A/U 
choke flange or equivalent should be modified by 

dri l l ing out the screw threads from the four 

mounting holes in the choke flange using a No.l5 

dri l l. This operation wi l l permit four size 8-32 

bolts inserted through the flange mounting holes, 

to engage the threaded waveguide output flange 

I I I I I I I I 1 1 I I
- ANODE KILOVOLTS (APPROX.)=22 
_ PEAK ANODE AMPERES=27.5 
- PULSE DURATION:1 MICROSECOND 
- PULSE REPETITION RAT E:I000PPS 
- CATHODE WARMUP T ME WITH TUBE 
- AT ROOM TEMPERATURE: 2.5 MINUTES 

9308 

9306 

~ 9304 

O 
Z 
W 
7 
a 
w 

'` 9302 

9300 

9298 
0 2 4 6 8 

TIME AFTER CATHODE WARMUP-MINUTES 

92CM-8941 -

Fig.2 —Typical Stabilization Characteristic 

of Type 7008. 

safeguard, it is recommended that the protective 

dust cover over this flange be left on unti l the 

tube is ready to be mounted in the equipment. 

The approximate weight of the 7008 is: packed for 
shipment, 19—I/2 pounds; and unpacked, 13 pounds. 

Mounting of the 7008 should be accompl ished 
by means of the mounting flange which may be 
positionedto operate the tube in any orientation. 
This flange is made to permit use of the 7008 in 
appl ications requiring a pressure seal. Care Fig.3 —Typical Thermal—Factor Characteristic 

should be taken by the equipment designer to in—
sure that the tube is mounted on a surface having 

adequate flatness so as to avoid possible distor— of the tube. It is recommended that the choke 

Lion of the mounting flange when it is bolted to flange be sufficiently tight to avoid arcing and 

i I I 
PULSE DURATION: _1 MICROSECOND 
PULSE~REPETITION'RATE: 1000 PPS 
-TUBE OPERATING INTO MATCHED LOAD 

I I I I I 
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9290 

-50 0 30 100 

ANODE-BLOCK TEMPERATURE - ° C 

of Type 7008. 

150 

92CS-9285 
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othercontact effects. Before the choke flange is 
fastened to the wavegu ide output f lange of the tube, 
the user should make certain that the waveguide 
window is entirely free of dust to prevent possi-
ble arcing with consequent damage to the tube. 

l l l l l l l l l l l l l l l J l l l l l l l l l l 
FREQUENCY RANG E: 8500-9600 Mc 
PULLING FIGURE: SMc 
WAVEGUIDE JAN RG-51/U 
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92CS-9469, 

Fig.q -Effect of Length of Transmission Line 
between Output Flange and Load on Allowable 

Voltage Standing Wave Ratio. 

A conduit should be attached to each of the 
inlet-air duct flanges provided on the tube. The 

conduits should be made of flexible, non-magnetic 
material. Rubber hose or stainless-steel hose 

is suitable. Fastening of the conduits requires 

two non-magnetic 6-32 screws at each duct. Ade-
quate flow of cool ing air should be provided 

through the ducts to maintain the temperature of 
the anode block below 150o C under any condition 
of operation. Fai lure to provide adequate cool ing 
wi l l impairtube l ife. Fig. l shows typical cool-

ing requirements for the anode block of the 7008. 
Cool ing of the heater-cathode terminal may be 
required under some conditions to maintain the 
temperature of this terminal below 165° C. 

A mechanical drive may be connected to the 

d rive shaft of the 7008 by using a f l ex i b l e coup I i ng 
dri l led for a 3/16-inch diameter shaft and held 
i n p lace by a setsc rew. When the magnet ron i s i n -
stal led in radar equipment which has a frequency 
index dependent upon rotation of the drive shaft, 
both the index and the 7008 tuner indicator should 
be adjustedto the samefrequency before thedrive-
coupl ing is connected to the drive shaft. 

The heater terminal and the heater-cathode 
terminal require the use of a connector with 
flexible leads such as the Ucinite'" No. 1 15364 
with bui lt-in capacitor, or equivalent. Unless 

flexible leads are used, the heater and heater-
cathode seals may be damaged. 

* Manufactured by Ucinite Div. of United-Carr Fastener 
Corp., Newtonville 60, Mass. 

When a new tube is first placed in service, 
it is recommended that the pulse voltage be raised 

gradual ly to minimize possible arcing within the 
tube. Ifthere is evidence of arcing, operate the 
tube with reduced input for a period of from 15 to 
30 minutes after which arcing usual ly ceases. 

A heater starter should be used to raise the 
voltage gradual ly and to l imit the instantaneous 

starting current through the heater when the ci r--
cu,it is first closed. The starter may be either 

a system of time-delay relays cutting resistance 

out of the circuit, a high-reactance heater trans-

former, or a simple rheostat. Regardless of the 

OPERATING FREQUENCY~9000 Mc 
PULSE DURATION: 2.5 MICROSECONDS 
PULSE REPETITION RATE 400 PPS 
LOAD VSWR:1.05 

..........M:.... 
tl  

NY YON~O~~~M ~~~~~~~~N\~~~~~~ 

.....~:::.... V 

..w:'C: 

16 18 20 22 24 
PEAK ANODE AMPERES 

26 28 

92CM -9468 

Fig.5 — Typical Performance Curves for 
Type 7008. 

method of control, it is important that the maxi-
mum instantaneous starting current never exceed, 

even momentari ly, a value of 12 amperes. Exceed-
ing this value may damage the heater. 
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After the heater voltage is raised to its 

rated value .of 13.75 volts, al low the cathode to 
warm up for at least 2-I/2 minutes to make sure 

that the cathode reaches operating temperature. 

When the cathode has reached ful l operating tem-

perature, high-voltage pulses, negative with 

respect to anode (ground 1, can be appl ied to the 

heater-cathode terminal. As soon as the 7008 

begins to osci l late, the heater voltage IEf ) 
should be reduced in accordance with the fol low-
ing formula, depending on the average power input 

(Pi l to the tube: 

P• 
Pi up to 450 watts: Ef = 13.75 I 

450 
volts 

Pi greater than 450 watts: Ef = 0 volts 

When the 7008 is osci l lating, the cathode is 

subjected to considerable electron bombardment 

which raises the temperature of the cathode. The 
magnitude of such heating is a function of the 
total dissipation and must be compensated by re-
duction of heater voltage in order to prevent 
overheating of the cathode. Fai lure to start the 
tube at rated heater voltage and to reduce the 
heater voltage as soon as osci l lation starts may 

adversely affect tube l ife. 

The heater should be protected against input 

pulse power by placing a suitable capacitor in 

shunt with the heater leads as near the heater-

cathode stem as possible in order to l imit the 

magnitude of the transient voltages which may 
develop across the heater. This capacitor may 
be incorporated in the design of the connector 
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Fig.6 - Typical Performance Curves for 
Type 7008. 

for the heater terminal and heater-cathode 

terminal . 

Stabilization. Afterthe high-voltage pulses 

are appl ied, the temperature of the tube rises 

unti l a condition of thermal equi l ibrium is 

reached. During this period, the physical dimen-

sions of the tube change and thus cause the 

resonant frequency of the anode structure 

FREQUENCY ~Mc~ = 8500 PULSE REPETITION RATE 
PEAK ANODE AMP~RES = 27.5 PPS) = 400 
PULSE DURATION /I.SEC.)=2.5 

.44 
4 

.40 

ANTI-
SINK 

p Mc 

.36 3.0 

.48 

.28 

.\ 

PHASE OF LOAD MEASURED 
 ~- IN FRACTIONS OF 

GUIDE WAVELENGTH 
0 
3 

h 
N ; 

.oa 

17SKW

to 

oe 
200 CIRCLES OF 

CONSTANT LOAD 
REFLECTION 
COEFFICIENT 
(VSWR) 

.20 

.12 

SINK 
(REGION OF 
INSTABILITY 

.16 

.24 
LINES OF CONSTANT FREQUENCY 

-~-- LINES OF CONSTANT PEAK POWER OUTPUT 

Fig.7 -Rieke Diagram for Tyke 7008. 

change. The time required for stabi l ization is 

shown in Fig.2. Fig.3 shows the change of fre-

quency which results from anode temperature 

changes. 

For standby operation, during which the high-

voltage pulses are not appl ied to the tube, the 

heater voltage should be restored to 13.75 volts. 

The anode-circuit return should be made to 

the heater-cathode terminal. If the anode-cir-

cuit return is made to the heater terminal, al l 
of the anode current wi l l flow through the heater 

and may cause heater burnout. 

The leads between the qulse generator and the 

magnetron should be kept as short as possible be-

cause the reactance of long leads may distort the 

pulse waveform. 

The shape of the voltage pulse as suppl ied 

tothe tube by the driving circuit should conform 

to the values indicated in the tabulated data. 

It is essential that the total voltage variation 

across the top of a single pulse be less than 

five per cent of the smooth peak value to insure 

good spectrum shape. Poor pulse shape can cause 

excessive frequency modulation and tube insta-

bi l ity. Modulation of the mean pulse voltage from 

pulse to pulse should be held to a minimum. The 

trai l ing edge of the voltage pulse should de-

crease rapidly to produce the best frequency 
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spectrum. High positive peaks in the ripple, or 

backswing fol lowing the voltage pulse, if ex-

cessive, may cause instabi l ity or noise. 

The 7008 should be operated with a well-

matched load. Tube l ife and rel iabi l ity wi l l be 

increased if the VSWR of the load is kept near 
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Fig.B - Representative Tuning Characteristic 
of Type ryoo8. 

unity, either by the use of a suitably matched 

load or by using a ferrite load isolator. Under 

no circumstances should the tube beoperated with 

a VSWR greater than 1.5. 

The use of an electrically long transmission 

line between the output of a magnetron and its 

load can cause frequency instabi l ity with result-

ing deterioration of spectrum. Such unsatis-

factory operation has been ca I I ed " I ong- I i ne 

effect". The extent to which "long-l ine effect" 

is exhibited depends on three factors: the 
pul l ing figure or degree of coupl ing of the load 

to the osci l lator, the length of l ine between an 

impedance discontinuity and the tube, and the 

degree of impedance discontinuity. Fig.4 indi-

cates the effect of length of transmission l ine 

between output flange and load on the al lowable 

voltage standing wave ratio. 

For optimum ger.formance, thepulse-generating 

equipment, pulse l ine, pulse transformer, the 
magnetron, and the associated circuitry should 

al l be considered as a unit and be designed to 

work together. 

Typical ger,formance curves for the 7008 are 

given in Figs.5 and 6. Fig.5 shows the peak 
power output, tube efficiency, and peak anode 

voltage as functions of peak anode current with 

the tube operating into a matched load. Fig.6 
shows peak power output and peak anode voltage 

as functions of operating frequency. 

In Fig.7 is shown the Rieke diagram for the 

7008. This diagram indicates pul l ing figure and 

power variations as functions of load VSWR magni-

tude and phase. The 7008 should always be oper-

ated within the 1.5 VSWR circle. 

The frequency of the 7008 may be preset by 

turning the drive shaft unt i I the setting of 
the indicator is reached corresponding to the 

desired frequency. For precise tuning adjustment, 

the final indicator setting should be approached 

using a counterclockwise direction of rotation 

which is the direction of increasing frequency. 

A representative tuning curve for the 7008 is 

shown in Fig.8. 

Revolutions o,f the servo-drive shaft are not 

indicated directly by the indicator. Approxi-

mately 160 revolutions of the drive shaft are 

required to tune through the 8500 to 9600 Mc 

range. Atuning rate of 200 megacycles per second 

can be achieved. Typical servo -drive -shaft 

torque is 6 ounce-inches throughout the tempera-

ture range of -55° to 150o C. Mechanical stops 

are provided at each end of the tuning range. 

Torque appl ied to these stops and the starting 

torque must not exceed 192 ounce-inches ( I foot-

pound) including inertial effects. 

SO a 

so9, 

(a) 

~t---PULSE WIDTH-->►~ 

(b) 

SMOOTH PEAK 
VALUE 

TRAILING EDGE 

BACKSWING 

SMOOTH PEAK 
VALUE 

92CS-8983 

Fig.g - Waveforms Showing Smooth 

Peak Value, Trailing Edge, Backswing, 
and Pulse Width. 

Our engineers are ready to assist you in 

circuit apblications of the RCA-7oo8. For further 

information, write to Commercial Engineering, RCA, 

Harrison, New Jersey, giving complete details as 

to the grogosed service. 
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DEFINITIONS 

Smooth Peak Value. The maximum value of a 

smooth curve drawn through the average of the 

fluctuation over the top of a voltage or current 

pulse, as ,i l lustrated in Fig. 9. 

Pulse Width. The time interval between 
the two points of the current pulse at which 
the current is 50 per cent of the smooth peak 
value. 

Rate o,f Rise o,f Voltage Pulse. The steepest 
slope of the voltage pulse leading edge above 

50 per cent of the smooth peak value. 

an input capacitance not exceeding 6 N.µf. 

osci l loscope of sufficient bandpass, such as the 

Tektronix 517 or equivalent, should be used. 

REFERENCES 

J. B. Fisk, H. D. Hagstrom, and L. A. Hartman, "The Magne-
tron as Generator of Centimeter Waves", The Bell System 
Technical Journal, Vo1.XXV, No.2, pp.167-348, April, 1946. 
George B. Collins (Editor) "Microwave Magnetrons", McGraw-
Hill Book Company, Inc. , 19.48. 

Joseph F. Hull, Gabriel Novick, and Richard Co rd ray, "bow 
Long-Line Effect Zmbairs Tunable Radar", Electronics, 
Vo1.27, No. 2, p.168, February, 1954. 

Measurement of the rate of rise of voltage 

should be made using a capacitance divider with 

An 

NOTES FOR DIMENSIONAL OUTLINE 
For Dimensional Outline, see page 8 

Reference plane A is defined as the plane through that 
portion of the mounting flange designated as annular 
surface D. 

Reference plane B is defined as the plane which is per-
pendicularto plane A and passes through the exact centers 
of mounting-flange holes No.2 8 No.3 which have the spe-
cified bolts inserted through them. 
Reference plane C is defined as the plane which is per-
pendicular to plane A & plane B and passes through the 
exact center of mounting-flange holes No.3 & No.4 which 
have the specified bolts inserted through them. 

NOTE I: Surface E of the waveguide output flange, and 
the entire mounting flange are made so that they may be 
used to provide a hermetic seal. 

NOTE 2: The axis of the heater-cathode terminal wilt be 
within the confines of a cyl inder whose radius is 3/64" 
and whose axis is perpendicular to reference plane A at 
the specified location. 

NOTE 3: All points on mounting flange will l ie within 
0.015" above or below reference plane A. 

NOTE 4: The l imits include annular as well as lateral 
deviations. 

NOTE 5: These dimensionsdefine extremities of the 0.169" 
internal diameter of the cyl indrical heater terminal. 

NOTE 6: These dimensionsdefine extremitiesof the 0.540" 
internal diameter of the cyl indrical heater-cathode 
terminal. 

NOTE 7: No part of the connector device for the heater 
and heater-cathode terminals should bear against the 
underside of this l ip. 

NOTE 8: The heater terminal and the heater-cathode ter-
minal are concentric with 0.010". 

NOTE 9: Clockwise rotation of drive shaft decreases 
frequency. 

NOTE 10: Anode temperature measured at junction of wave-
guide and anode block. 

NOTE I I: Temperature of heater-cathode terminal measured 
here. 

Devices and arrangements shown or described herein may 
use patents of RCA or others. Information contained 
herein is furnished without responsibil ity by RCA for 
its use and without prejudice to RCA's patent rights. 
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DIMENSIONAL OUTLINE 
For Notes, see page 7 
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SEE DETAIL A 
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7094 
BEAM POWER TUBE 

High Power Gain 
Sturdy Structure 

500 Watts CW Input (ICAS) Up to 60 Mc 
335 Watts CW Input ( ICAS) at 175 Mc 
Forced-Air Cooled at Max. Ratings 

5" Max. Length 

2.56" Max. Diameter 

RCA-7094 is a high-perveance beam power tube 
with high power gain. It is useful in fixed and 
mobi le equipment as an rf power ampl ifier and 

osci l lator, as wel l as 
an of power ampl ifier and 
modulator. 

The 7094 has a maxi-
mum plate dissipation of 

125 watts under ICAS 
conditions in modulator 
service and i n cw service. 
In the latter service it 

can be operated with ful l 
input to 60 Mc and with 
reduced input to 175 Mc. 

Because of its high 
power gain, the 7094 can 

~. ~ - be operated with rela-
tively low plate voltage 
to give large power out-
put with smal l driving 
power. 

Smal l and compact 
for its power-output capa-
bi l ity, the 7094 has a 

rugged button-stem construction with short 
internal leads, internal shield connected to 
grid No.2 within the tube, triple base-pin 
connections for grid No.2 to permit effective rf 
grounding, plate structure with large radiating 
fins for effective cool ing, and ceramic mount 
supports to provide additional sturdiness to the 

electrode structure. The plate lead is brought 
out of bulb to a rigid terminal opposite the 
base to faci l itate separation of input and 
output circuits. 

ELECTR{?N' 
UnTUBf ~ 

GENERAL DATA 

Electrical: 
Heater, for Unipotential Cathode: 

Voltage (AC or DC)   6.3 ± 104; volts 
Current at 6.3 volts  2.65 amperes 

Mu—Factor, Grid No.2 to Grid No.i 
for plate volts = 300, grid-No.2 
volts=300, andplate ma=150. 7 

Direct Interelectrode Capacitances 
(With no external shield 
Approx.): 
Grid No.i to plate  0.6 µµf 

Grid No.i to gri~ No.2 8 
internal shield   11 µµf 

Grid No.l to cathode and heater  8.5 µµf 

Grid No.2 S internal shield 
to plate  9.5 µµf 

Grid N0.2 6 internal shield 
to cathode and heater . 

Plate to cathode and heater . 
2.0 

0.2 

µµf 
µµf 

Mechanical: 
Operating Position  Any 
Maximum Overall Length  5" 
Seated Length   4.uu" ± 0.08" 
Maximum Diameter  2.56" 
Base Jumbo—Button Septar 7—Pin (JEDEC No E7—u6) 
Socket. Johnson Nos. 122-2u7 or 122-2u6*, or equivalent 
Weight (Approx  )  6 oz 
Bulb Temperature (At hottest point) 250 max. °C 
Cool ing: Free circulation of air around the tube isre-

quired. Under operating conditions at maximum 
ratings, someforced-aircool ing will be required 
from a small fan to prevent exceeding the speci-
fied maximum bulb temperature. 

AF POWER AMPLIFIER & MODULATOR — Class ABI a

CCSb ICASc

Maximum Ratings, Absolute-Maximum Values:d

DC PLATE VOLTAGE. 1500 max. 2000 max. volts 
DC GRID-No.2 VOLTAGE. u00 max. u00 max. volts 
MAX.-SIGNAL DC PLATE 
CURRENTe  350 max. 350 max. ma 

MAX.-SIGNAL PLATE 
INPUTe  300 max. 400 max. watts 

MAX. SIGNAL GRID-No.2 
INPUTe  20 max. 20 max. watts 

PLATE DISSIPATIONe. 100 max. 125 max. watts 
PEAK HEATER—CATHODE 

VOLTAGE: 
Heater negative with 

respect to cathode. 135 max. 135 max. volts 
Heater positive with 

respect to cathode. 135 max. 135 max. volts 

Typical Operation: 

Values are for 2 tubes 

DC Plate Voltage. 1500 2000 volts 
DC Grid-No.2 Voltagef u00 u00 volts 
DC Grid-No.l Voltage9 -65 -65 volts 
Peak AF Grid-No.l—to-
Grid-No.l Voltage 120 120 volts 

Zero-Signal DC Plate 
Current   60 60 ma 

Max.-Signal DC Plate 
Current   uoo uoD ma 

Max.—Signal DC Grid—
No.2 Current  70 70 ma 

Effective Load Re—
sistance (Plate to 
plate)  8700 12000 ohms 

Max.—Signal Driving 
power (Approx.) 0 0 watts 

Max.—Signal Power 
Output (Approx.). u10 560 watts 

" E.F. Johnson Company, Waseca, Minnesota. Note that the 
separate Shield rings furnished with these Sockets should 
be discarded since the se rings do not accomodate the 709u, 

Trademarks) ® Registered ELECTRON TUBE DIVISION 
Marca(s) Registrado(s) RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY 

7094 5-61 

/rioted in U.S.A. 



LINEAR RFPOWER AMPLIFIER — Class ABI a
Single-Sideband Suppressed-Carrier Service 

CCSb ICASc

Maximum Ratings, Absolute-Maximum Values ub to 60 Mc:d

OC PLATE VOLTAGE. 1500 max. 2000 max. volts 
DC GRID-No.2 VOLTAGE. 400 max. 400 max. volts 
MAX.-SIGNAL DC PLATE 
CURRENT   350 max. 350 max. ma 

MAX.. SIGNAL PLATE 
INPUT   300 max. 400 max. watts 

MAX.-SIGNAL GRID-No.2 
INPUT   20 max. 20 max. watts 

PLATE DISSIPATION 100 max. 125 max. watts 
PEAK HEATER-CATHODE 

VOLTAGE: 
Heater negative with _ 

respect to cathode. 135 max. 135 max. volts 
Neater positive with 

respect to cathode. 135 max. 135 max. volts 

Typical Operation for "Single-Tone Modulation" at 60 Mc:h
DC Plate Voltage. 1500 2000 volts 
DC Grid-No.2 Voltagef 400 400 volts 
DC Grid-No.i Voltage9 -65 -65 volts 
Max.-Signal Peak RF 
Grid-No.l Voltage 60 60 volts 

Zero-Signal DC Plate 
Current   30 30 ma 

Max.-Signal DC Plate 
Current   200 200 ma 

Max.-Signal Grid-No.2 
Current   35 35 ma 

Effective RF Load Re-
sistance  4350 6000 ohms 

Max.-Signal Driver 
Power Output 
(Approx.)   4 4 watts 

Output-Circuit Ef-
ficiency (Approx.). 90 90 % 

Max.-Signal Useful 
Power Output 
(Approx.)   185 250 watts 

LINEAR RF POWER AMPLIFIER — Class B 
Single-Sideband Suppressed-Carrier Service 

High-Mu Triode Connection — Grids No.l and 
No.2 Connected Together 

CCSb ICASc

Maximum Ratings, Absolute-Mazi,mum Values ufl to 6G Mc:d

DC PLATE VOLTAGE. 1500 max. 2000 max. volts 
MAX. SIGNAL DC PLATE 

CURRENT   350 max. 350 max. ma 
MAX.-SIGNAL DC GRID 

CURRENT (Combined 
Grids No.i 8 No. 2). 200 max. 200 max. ma 

MAX.-SIGNAL PLATE 
INPUT   300 max. 400 max. watts 

PLATE DISSIPATION 100 max. 125 max. watts 
PEAK HEATER-CATHODE 

VOLTAGE: 
Heater negative with 

respect to cathode. 135 max. 135 max. volts 
Heater positive with 

respect to cathode. 135 max. 135 max. volts 

Typical Operation in Cathode-Drive Circuit at 60 Mc 

with "Single-Tone Modulation":°

DC Plate-to-Grids No.l 
d No.2 Voltage. 1350 1750 volts 

DC Grids No.l b No.2 
Voltage   0 0 volts 

Zero-Signal DC Plate 
Current   30 44 ma 

Effective RF Load 
Resistance  3800 5100 ohms 

Max.-Signal DC Plate 
Current   200 20o ma 

Max.-Signal DC Grid 
Current (Combined 
Grids No.l d No. 2). 140 140 ma 

Max.-Si nal Peak RF 
Cathode-to-Grids-No.l 
d No.2 Voltage. 50 50 volts 

Max.-Signal Driver 
Power Output 
(Approx.)   15 15 watts 

Output-Circuit Ef-
ficiency (Approx.). 90 90 x 

Max.-Signal Useful 
Power Output 
(Approx.)   1601 2101 watts 

PLATE-MODULATED RF POWER AMPLIFIER—
Class C Telephony 

Carrier conditions per tube for use with 
a max. modulation factor of 1.0 

CCSb ICASc

Maximum Ratings, Absolute-Maximum Values:d

For max, plate voltage and max. plate input above 60 Mc, 
see RatingChart I 

DC PLATE VOLTAGE. . 

DC GRID No.2 VOLTAGE. 
DC GRID-No.l VOLTAGE. 
DC PLATE CURRENT. . 

DC GRID-No.l CURRENT. 

PLATE INPUT  
GRID-No.2 INPUT . 

PLATE DISSIPATION . 

PEAK HEATER-CATHODE 
VOLTAGE: 
Heater negative with 

respect to cathode. 
Heater positive with 

respect to cathode. 

Typical Operation at 60 

DC Plate Voltage. . 
DC Grid-No.2 Voltagem 

DC Grid-No.i Voltagen 
Peak RF Grid-No.l 

Voltage  
DC Plate Current. . 

DC Grid-No.2 Current. 

DC Grid-No.i Current 
(Approx.)  

Driver Power Output 
(APProx.)Pk  

Output-Circuit Ef-
ficiency (Approx.). 

Useful Power Output 
(Approx.)  

1000 
400 

-300 
280 
25 
250 

13.5 
67 

max. 
max. 
max. 
max. 
max. 
max. 
max. 
max. 

135 max. 

135 max. 

1200 max. 
400 max. 

-300 max. 
280 max. 
30 max. 

335 max. 

13.5 max. 

83 max. 

135 max. 

135 max. 

Mc: 

1000 1200 
uoo uoo 

-130 -130 

Typical Operation at 175 Mc: 

DC Plate Voltage. . 
DC Grid-No.2 Voltagem 

DC Grid-No.i Voltagen

DC Plate Current. . 

DC Grid-No.2 Current. 

DC Grid-No.i Current 
(Approx.)  

Driver Powel Output 
(Approx.)  

Output-Circuit Ef-
ficiency (Approx.). 

Useful Power Output 
(Approx.)  

145 150 
250 275 
20 20 

5 

5 

90 

165 

700 
400 

-130 

250 

8 

6 

8 

85 

105 

5 

5 

90 

2uo~ 

820 
uoo 

-130 

275 
8 

6 

8 

85 

135 

volts 
volt s 
volts 

ma 
ma 

watts 
watts 

watts 

volts 

volts 

volts 
volts 
volts 

volts 
ma 
ma 

ma 

watts 

watts 

volts 
volts 
volts 

ma 
ma 

ma 

watts 

x 

watts 

Maximum Circuit Values: 

Grid-No.l-Circuit 
Resistanceq   30000 max. ohms 



RF POWER AMPLIFIER & OSC. - Class C Telegraphy r

and 

RF POWER AMPLIFIER-Class C FM Telephony 

CCJ'" ICASc

Maximum Ratings, Absolute-Maximum Yalues:d

Plate to cathode and 
heater 

Plate Current  
Grid-No.2 Current  
Grid-No.i Voltage  
Useful Power Output  

- - 1.25 µµf 
1,3 240 480 ma 

1,3 - 55 ma 
4 -8 -25 volts 

1,5 250 - watts 

For max. plate voltage and max, pate input above 
see Rating Chart II 

60 Mc, Note 1: With 6.3 volts ac on heater. 

Note 2: With do plate voltage of 300 volts, do grid-No.2 
DC PLATE VOLTAGE. 1250 max. 1500 max. volts voltage of 300 volts, and do plate current of 

DC GRID-No.2 VOLTAGE. 400 max. 400 max. volts 150 ma. 

DC GRID-No.l VOLTAGE. -300 max. -300 max. volts Note 3: With do plate voltage of 300 volts, do grid-No.2 

DC PLATE CURRENT. 340 max. 340 max. ma voltage of 250 volts, and do grid-No.l voltage 
of -5 volts. 

DC GRID-No.i CURRENT. 25 max. 30 max. ma 

PLATE INPUT  375 max. 500 max. watts Note 4: With do plate voltage of 300 volts, do grid-No.2 
voltage of 300 volts, and grid-No.i voltage 

GRID-No.2 INPUT . 20 max. 20 max. watts adjusted to give plate current of 250 ma. 
PLATE DISSIPATION . 
PEAK HEATER-CATHODE 

VOLTAGE: 
Heater negative with 

100 max. 125 max. watts Note 5: In a single-tube, self-excited oscillator circuit 
at frequency of 60 Mc and for conditions with do 
plate voltage of 1250 volts, grid-No.l resistor 
of 12000 ohms, do grid-No.l current of 6.5 to 9.5 

respect to cathode. 
Heater positive with 

135 max. 135 max. volts ma, and do grid-No.2 voltage adjusted to give a 
plate current of 300 ma. 

respect to cathode. 135 

Typical Operation at 60 Mc: 

max. 135 max, volts 
a Subscript 1 indicates that grid-No.1 current does not 

DC Plate Voltage. 
DC Grid-No.2 Voltages 

1000 
400 

1250 
400 

1500 
u00 

volts 
volts 

flow during any part of the input cycle. 
b Continuous Commercial Service. 

DC Grid-No.i Voltaget 
Peak RF Grid-No.i 

-100 -100 -100 volts c Intermittent Commercial and Amateur Service. 
d The maximum ratings in the tabulated data are es-

Voltage  125 120 125 volts tabl ished in accordance with the following definition of 
DC Plate Current. . 330 300 330 . ma the Absolute-Maximum Rating System for rating electron 
DC Grid-No.2 Current. . 20 18 20 ma devices. 

DC Grid-No.l Current Absolute-Maximum ratings are l imiting values of oper-
(Approx.)  

Driver Power Output 
(Approx.)Pk  

Output-Circuit Ef-

5 

u 

5 

4 

5 

u 

ma 

watts 

ating and environmental conditions appl icable to any 
electron device of a specified type as defined by its 
publ ished data, and should not be exceeded under the 
worst probable conditions. 

ficiency (Approx.). 
Useful Power Output 

(APProx.)  

90 

215 

90 

255 

90 

340 

% 

watts 

The device manufacturer chooses these values to provide 
acceptable serviceabi l ity of the device, taking no 
responsibil ity for equipment variations, environment 
variations, and the effects of changes in operating 

Typical Operation at 175 Mc: conditions due to variations in device characteristics. 

DC Plate Voltage. 665 875 1000 volts The equipment manufacturer should design so that 
initially and throughout l ife no absolute-maximum value 

DC Grid-Nd.2 Voltages 400 400 u00 volts for the intended service is exceeded with any device 
DC Grid-No.i Voltaget -100 -100 -100 volts under the worst probable operat ing conditions with 
DC Plate Current. 
DC Grid-No.2 Current. 
DC Grid-No.l Current 

335 
8 

300 
7 

335 
8 

ma 
ma 

respect to supply-voltage variation, equipment component 
variation, equipmentcontrol adjustment, load variation, 
signal variation, environmental conditions, and varia-
tions in device characteristics. 

(Approx.)  
Driver Power Output 

(Approx.)k 
Output-Circuit Ef-

5 

8 

5 

7 

5 

8 

ma 

watts 

e Averaged over any audio-frequency cycle of sine-wave 
form. 

f Obtained preferably from a fixed supply. 
ficiency (Approx.). 

Useful Power Output 
85 85 85 % 9 Obtained from a fixed supply. 

h °Single-Tone Modulation" operation refers to that class (Approx.)  

Maximum Circuit Values: 

Grid-No.i-Circuit 

130 170 215 watts of ampl ifier service in which the grid-No.i input con-
sists of a monofrequency rf signal having constant 
ampl itude. This signal is produced in a single-side-
band suppressed-carrier system -when a single audio fre-

Resistance4  30000 max. ohms quency of constant ampl itude is appl ied to the input 
of the system. 

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 

Note Min. Max. 

Heater Current  1 2.55 3. 1 5 amp 
Mu-Factor, Grid No.2 to 

J This value of useful power is measured at load of out-
put circuit having indicated efficiency. 

k Driver stage is required to supply tube losses and rf 
circuit losses. The driver stage should be designed 
to provide an excess of power above the indicated 
values to take care of variations in l ine voltage, in 
components, in init ial tube characteristics, and in 

Grid No.l  
Direct Interelectrode 

Capacitances (With no 
external shield): 

1,2 5.3 8.6 
m 

tube characteristics during- l ife. 

Obtained preferably from a separate source modulated 
along with the plate supply, or from the modulated 
plate supply through a series resistor. It is recom-

Grid No.i to plate. 
Grid No.l to grid No.2 d 

- 0.43 0.75 µµf mended that this resistor be adjustable to permit qb-
taining the desired operating plate current after 

internal shield 
Grid No.l to cathode and 

- 9.1 12.4 µµf 
n 

initial tuning adjustments are made. 
Obtained from a grid-No.1 resistor or from a combina-

heater 
Grid No.2 d internal 

- 7.0 10.0 µµf t ion of grid-No.i resistor with either fixed supply or 
cathode resistor. The combination of grid resistor and 

shield to plate 
Grid No.2 6 internal 

shield to cathode 

- 7.8 11.0 µµf fixed supply has the advantage of not only protecting 
the tube from damage through loss of excitation 
but also of minimizing distortion by bias-supply 

and heater 3.9 µµf compensation. 



P 

4 

r 

s 

t 

Indicated values are for operation at 60 Mc. Less 
driver power output is required at frequencies below 
60 Mc. 

When grid No.l is driven positive the total do gri.d-
No.i-circuit resistance should not exceed the specified 
maximum value of 30000 ohms. If this value is insuffi-
cient to provide adequate bias, the additional required 
bias must be suppl ied by a cathode resistor or fixed 
supply. 

Key-down conditions per tube without ampl itude modula-
tion. Ampl itude modulation essentially negative may 
be used if the posit ive peak of the audio-frequency 
enveloDedoes not exceed 115% of the carrier conditions. 

Obtained preferably from a separate source or from the 
plate-voltage supply with a voltage divider. If a 
series resistor is used, it should be adjustable to 
permit obtaining the desired operating plate current 
after initial tuning adjustments are completed. Grid-
No.2 voltage must not exceed 500 volts under key-up 
conditions. 

Obtained from a grid-No.l resistor, or from a combina-
tion of grid-No.i resistor with either fixed supply or 
cathode resistor. 
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Rating Chart I .for Type 7og4 in 
Class C Telephony Service. 
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Rating Chart II .for Type 7094 in 
Class C Telegraphy Service. 

50 100 
FREQUENCY - MC 

150 

OPERATING CONSIDERATIONS 

The maximum bulb temperature of 250° C is a 

tube rating and is to be observed in the same 

manner as other ratings. The temperature should 

be measured at the hottest point on the bulb with 

the tube operating in the completely assembled 

equipment with al l covers in place, and del iver—
ing the maximum output under the highest ambient—

temperature conditions and the most severe oper—
ating cycle for which the equipment is designed. 
The temperature may be measured with temperature—
sensitive paint, such as Tempi laq. The latter 
is made by the Tempi l Corporation, 132 W. 22nd 
Street, New York I I, N.Y., in the form of l iquid 
and stick. 
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Fig.i — Typical Plate Characteristics of 

Type 7094• 
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Operation o.f the 7094 at }requeneies above 
6o Mc requires reduction in the appl ied plate 
voltage and plate input as shown by the Rating 
Charts I and I I. In using these charts, it is 
to be noted that the maximum plate input that 
c an be app I i ed to the 7094 ope rating at any 
given frequency must be chosen, depending on 

-4-



circuit efficiency, so that the plate-dissipation 

rating of the 7094 wi l l not be exceeded. 

The rated date voltage and grid-No.a voltage 

of this tube are high enough to be dangerous. 

Care should be taken during adjustment of cir-

cuits, especial ly when exposed circuit parts are 

at high do potential. 

When a new circuit is tried or when adjust-
ments are made, it is advisable to reduce the 
plate voltage and grid-No.2 voltage. 

A protective device, such as a fuse, should 

be used to protect not only the plate but also 

grid No.2 against overload. In order to prevent 

excessive plate-current flow and resultant over-

heating of the tube, the plate circuit should be 
fused. Simi larly, a fuse in the lead to grid 

No.2 should remove the grid-No.2 voltage when 
thedc grid-No.2 current reaches a value sl ightly 
higher than normal. 
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Fig.a - Typical Characteristics for 

TYbe 7094• 

Shielding of the 7094 in rf service is re-

quired for stable operation. A convenient method 

of shielding is to mount the socket approximately 

5/8" beneath a hole in the chassis plate so that 

when the 7094 is inserted in the socket, the 

internal shie►d (see Dimensional Outline) of the 

tube wi l l be close to the edge of the hole and 

in the same plane as the chassis plate. This 

arrangement provides an effective shield to iso-

latethegrid-No. l circuit from the plate circuit. 

The connection to the plate terminal should 

be flexible in order to prevent subjecting the 

plate-terminal seal to any strain. The connec-

tion should never be soldered to the plate 

terminal. A plate connector of the Fahnestock 

cl ip type is recommended. 

Heavy leads and conductors together with 

suitable insulation should be used in al l parts 
of the rf plate tank circuit so that losses -due 

to rf voltages and currents may be kept at a 

minimum. At the higher frequencies, it is es-

sential that short, heavy leads be used for 

circuit connections in order to minimize lead 

inductance and losses. 

The plate shows no color when the 7094 is 

operated at maximum rated plate dissipation under 

.........:::::::::::::::::::::::::::::::::::::::C:::::::::::::::::::::::::::::.: 
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Fig.3 - Typical Plate Characteristics o.f 

TYLe 7094• 

CCS conditions. At maximum rated plate dissipa-

tion under ICAS conditions, the plate may show 
a barely discernible color in a dark room. 

The cathode should preferably be connected 

to one side of the heater. When, in some circuit 

designs, the heater is not connected directly to 
the cathode, precautions must be taken to hold 

the peak heater-cathode voltage within the maxi-

mum values shown in the tabulated data. 

When grid-No.a voltage is obtained from a 

separate source, the plate voltage should be 

-5-



appl ied before or simultaneously with the grid-

No.2 voltage; otherwise,with voltage on grid 

No.2 only, its current would be large enough to 
cause excessive grid-No.2 dissipation even 
though some protective bias is employed. When 
the grid-No.2 voltage is obtained from a voltage 
divider or through a series resistor from the 

plate supply, it is recommended that the resistor 

be adjustable so that the plate current of in-

dividual tubes can be adjusted to maintain the 

desired input. By thus compensating for the 
normal plate-current variation between tubes, 

the do plate input can be held constant to pro-
vide more uniform power output and better per-
formance. A do mi l l iammeter should be used in 
the grid-No.2 circuit so that its current may be 
measured and the do power input determined. 

The r,f imbedance between grid No.2 and the 

cathode must be kept low, usual ly by means of a 
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Fig.4 - Typical Characteristics ,for 
TYbe 7094• 

suitable bypass capacitor. In telephony service 
when grid No.2 is modulated, a smal ler bypass 
capacitor than is used for telegraphy service 
may be required in order to avoid excessive of 
bypassing. However, if the _capacitance value is 
too smal l, rf feedback may occur between plate 
and grid No. 1, depending on the circuit layout, 
operating frequency, and power gain of the stage. 
AF bypassing difficulties can usual ly be el imin-
ated if the grid-No.2 bypass capacitor is re-
placed by a series-resonant circuit which is 
tuned to resonate at the operating frequency. 
This circuit presents a high impedance to audit 
frequencies but a very low impedance to its 
resonant frequency. 

The grid-No.2 current is a very sensitive 
indication of plate-circuit loading. When the 
ampl ifier is operated without load, the grid-No.2 
current rises excessively, often to a value which 
damages the tube. Therefore, care should be 

0 

taken when tuning the 7094 
l ightly loaded conditions to 
the grid-No.2 input rating of 
connection, reduction of the 
wi l l be helpful. 

Ep =6.3 VOLTS 
GRID-Na2 VOLTS=400 
Iy=PLATE AMPERES 
Ic =GRID-N0.1 AMPERES 

IC2 =GRID-Na2 AMPERES 

under no-load or 
prevent exceeding 
the tube. In this 
grid-No.2 voltage 
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Fig.g - Typical Constant-Current Characteristics 
for Type 7094• 

The driver stage forthe 7094 in either class 

C telephony or telegraphy service should have 

considerably more output capabi l ity than the 

typical driving powershown in the tabulated data 
in order to permit considerable range of adjust-

ment, and also to provide for losses in the grid-

No. l circuit and the coupl ing circuit. This 
recommendation is particularly important near 
the rated maximum frequency where circuit losses, 
radiation losses, and transit-time losses in-

crease. These losses have been taken into account 
in the values of driver power output shown under 
Typical Operation. 
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Highest oberating efficiency in high—frequency 

service, and therefore maximum power output, 

wi l l be obtained when the 7094 is operated under 

load conditions such that the maximum rated plate 

current flows at the plate voltage which wi l l 

give maximum rated input. 

In date—modulated class C amplifier service, 
the 7094 can be modulated 100 per cent. The 
grid—No.2 voltage must be modulated simultaneously 

with theplate voltage so that the ratio of grid—

Ef=6.3 VOLTS 
GR D No.l CONNECTED TO GRID No 2 
EC =GRID-No VOLTS 
EC2=GRID-Na2 VOLTS 
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..................... .............. 

................................... 

.................................... 

N 

0 
0 
N 

0 
0 m 

o°

0 0 v 

0 0 
N 

N 

J 0 
o> 
8 wa 

J 
0 00 

g 
7 

8 

N 

92CM-I 1045 

Fig.6 — Tybical Characteristics for Tyge ryogq 
Connected as Triode. 
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PLATE ANPERES 

O 

No.2 voltage to plate voltage remains constant. 

Modulation of the grid—No.2 voltage can be ac—

compl ished either by connecting grid No.2 through 

a separate winding on the modulation transformer 

to the fixed grid—No.2 voltage supply, or by con—

necting grid No.2 through an audio—frequency 

choke of suitable impedance for low audio fre—
quencies to the fixed grid—No.2 supply voltage. 
The supply end of the choke should be wel l by—
passed to ground. 

During standby periods in intermittent oper—

ation, it is recommended that the heater voltage 

be maintained at normal operating value when the 

period is less than 15 minutes; and that it be 

reduced to 80 per cent of normal when the period 

is between 15 minutes and 2 hours. For longer 

periods, the heater voltage should be turned off. 

Push—gull or parallel circuit arrangements 
can be used when more radio—frequency power is 

required than can be obtained from a single 7094. 

Two 7094's in paral lel or push—pul l wi l l give 

approximately twice the power output of one tube. 

The paral lel connection requires no increase in 

exciting voltage from that required fora single 

tube. With either connection, the driving power 

required is approximately twice that fora single 

tube. The push—pul l arrangement has the ad—

vantage of simpl ifying the balancing of high—

frequency circuits. 
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DIMENSIONAL OUTLINE 
Ef=6.3 VOLTS 
GRID No.l CONNECTED TO GRID No.2. 
Ib=PLATE AMPERES 
ICI fi IC2 = GRID AMPERES 

I 6 

1 
~ I 

t 

I

I 

I 

~1~ 

I

r 
I 

1 

I

i 

M ~- N 

O -0~0 

i 
I

I 
I

I

I 

O 

0 
0 

► ~ 

O O O 
,p ~ N 
~ + + 

COMBINED GRIDS No.l 9 No.2 VOLTS 

0 
N 

92CM-I 1047 

0 
N 

0 
N 
r 

0 
N 

N 

J 
O  O 

O 
of
a 
a 

T 20 
BULB 

INTERNAL 
SHIELD 

50"t.12" 

.31~MIN. 

.000" 
MIN. 

(NOTE 2' 

~
Y 125"+'001" DIA. ,~•+ .006" 

~~~ -~ 
.56"±,06" .060"±.025 

~  220"±.010" 

I PIN 
.125 1,003 ~ 51' 

~ DIA. 

N 

O 

Fig.8 — Typical Constant—Current Characteristics 
For Tyke 7094 Connected as a Triode. 
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THE REFERENCE AXIS Y-Y' IS DEFINED AS THE AXIS OF THE BASE 
PIN GAUGE DESCRIBED IN NOTE 1: 

NOTE I : ANGULAR VARIATIONS BETWEEN PINS AND VARIATION 
IN PIN-CIRCLE DIAMETER ARE HELD TO TOLERANCES SUCH THAT 
PINS WILL ENTER TO A DISTANCE OF 0.375" A FLAT-PLATE 
BASE-PIN GAUGE HAVING SIX HOLES 0.0600" ± 0.0005" AND ONE 
HOLE 0.1450" ± 0.0005" ARRANGED ON A 1.0000"t 0.0005" CIRCLE 
AT SPECIFIED ANGLES WITH TOLERANCE OF ± 5' FOR EACH ANGLE. 
GAUGE IS ALSO PROVIDED WITH A HOLE 0.500" t 0.010" CON-
CENTRIC WITH PIN CIRCLE WHOSE CENTER IS ON THE AXIS Y-Y'. 

NOTE 2: EXHAUST TIP WI LL NOT EXTEND BEYOND THE PLANE 
WHICH PASSES THROUGH THE ENDS OF THE THREE LONGEST PINS. 

BASING DIAGRAM 

Bottom View 

K 

PIN 5: GRID No. 2, 
I NTERNAL 

PIN 6: GRID No.l 

PIN 7: GRID No.2. 
INTERNAL 

P: PLATE 

SHIELD 

SHIELD 



~~ 

H-0 B] 

Photomultiplier I RCA-7102 
Tube 

10-Stage, Head-On Type Having S-1 Spectral Response 

RGA-7102 is a 1-1/2"-diameter, 10-stage, head-on type of 
photomultiplier tube designed for the detection and mea-
surement of low-level radiation extending from the visible 
to near-infrared region of the spectrum. 

The S-1 spectral response of this tube covers the range from 
about 4500 to 11500 angstroms making it especially useful 
for near-infrared spectrometry, astronomical measurements, 
laser detection systems, and near-infrared communication 

systems. 

■ S-1 Spectral Response Covering the Approximate 
Spectral Range from 4500 to 11500 Angstroms 

■ Circular-Cage, Electrostatic-Focus Type Dynode Structure 

■ High-Stability Copper-Beryllium Dynodes 

■ Photocathode Having Minimum Useful Diameter of 1.24" 

■ Time Resolution Characteristics: 
Anode Pulse Rise Time-

2.2 nanoseconds at 1500 volts 

Electron Transit Time-
28 nanoseconds at 1500 volts 

~'1 Data 

General: 
Spectral Response   S-1 
Wavelength of Maximum Response   8000 + 1000 

Cathode, Semitransparent   Silver-Oxygen-Cesium 

Minimum area   1.2 in2 (7.7 cm2) 

Minimum diameter   1 .24 in (3.1 cm) 

Window . . . . . . . .. . . .Lime Glass (Corninga No.0080) or equivalent 

Shape   Plano-Plano 

Index of refraction at 5893 angstroms   1.512 

Dynodes: 

Substrate   Copper-Beryllium 

Secondary-Emitting Surface   Beryllium-Oxide 

Structure   Circular-Cage, Electrostatic-Focus Type Figure 1 

Typical Spectral Response Characteristics 
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-The dashed portion shown in the above curve of the spectral re-
sponse is not controlled. 

Information furnished by RCA is believed to be accurate and reliable. However, no responsibility is assumed by RCA for its use; nor for any infringements of 

patents or other rights of third parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of RCA. 

ncn Electronic 
Components 

Printed in U.S.A. ~ 5-69 
Supersedes 5-65 7102 



7102  

Direct Interelectrode Capacitances (Approx.l: 

Anode to dynode No.10   4 pF 

Anode to all other electrodes   7 pF 

Maximum Overall Length   4.57 in (11.6 cm) 

Seated Length   3.88 in + 0.19 in 19.8 + 0.48 cm) 

Maximum Diameter   1.56 in 

Bulb  T12 

Base  - Small-Shell Duodecal 12-Pin (JEDEC 612-431, 
Non-hygroscopic 

Socket   Ebyb No.9058, or equivalent 

Magnetic Shield   Millenc No.80802C, or equivalent 

Operating Position   Any 

Weight (Approx.)   2.2 oz (60 g) 

Maximum Ratings, Absolute-Maximum Values:d

DC Supply Voltage: 

Between anode and cathode  1500 max. V 

Between anode and dynode No.10  250 max. V 

Between consecutive dynodes  200 max. V 

Between dynode No.1 and cathode 400 max. V 

Average Anode Currents  10 max. ~4A 

Ambient Temperaturef 75 max. °C 

Characteristics Range Values for Equipment Design: 

Under conditions with supply voltage IE1 across voltage divider 
providing 1/6 of E between cathode and dynode No.1; 1/12 of E for 
each succeeding dynode stage; and 1 /12 of E between dynode No.10 
and anode. 

With E = 1250 volts (Except as noted) 

Min. Typical Max. 

Anode Sensitivity: 

-~ Radiantg at 8000 
angstroms  

i 

6.6x 102

Luminoush (2870°  K) 1 7 

Cathode Sensitivity: 

Radiant) at 8000 
angstroms   - 2.8x10

-3

Luminousk (2870° K) 1x10
-5 

3x10
-5

Current with infrared 
light sourcern (2870°  K 
+ C.S. No.7-56)   1.2x10

-8

Quantum Efficiency 
at 7800 angstroms   - 0.43 

-~ Current Amplification   - 2.3x105

-~ Anode Dark Currentn   - 1.9x10
-6

--~ Equivalent Anode Dark 4.8x10-7
Current Inputn   _ 5.1x10-9p 

1.5x10-10

1.6x10-12r 

-~ 

Equivalent Noise Inputq 

~ Anode-Pulse Rise Times
at 1500 V  

4x 10-8

2.2x 10
-g 

Electron Transit Timet. . 
at 1500 V   - 2.8x10

-8

-~ Indicates a change or addition. 

- A/W 

30 A/Im 

6x 10-6

1.5x 10
-6

1.6x 10-8p 

A/W 

A/Im 

A 

A 

Im 
W 

Im 

W 

s 

s 

a 

b 

c 

d 

e 

f 

9 

h 

1 

k 

Made by Corning Glass Works, Corning, NY 14830. 

Made by Hugh H. Eby Company, 4701 Germantown Avenue, 

Philadelphia, PA 19144. 

Made by James Millen Manufacturing Company, 150 Exchange 
Street, Malden, MA 02148. 

The maximum ratings in the tabulated data are established in ac-
cordancewith the following definition of theAbsolute-Maximum 
Rating System for rating electron devices. 

Absolute-Maximum ratings are limiting values of operating and 
environmental conditions applicable to any electron device of a 
specified type as defined by its published data, and should not be 

exceeded under the worst probable conditions. 

The device manufacturer chooses these values to provide accept-

able serviceability of the device, taking no responsibility for 
equipment variations, environment variations, and the effects of 
changes in operating conditions due to variations in device char-
acteristics. 

The equipment manufacturer should design so that initially and 
throughout life no Absolute-Maximum value for the intended 
service is exceeded with any device under the worst probable 
operating conditions with respect to supply voltage variation, 

equipment component variation, equipment control adjustment, 

load variation, signal variation, environmental conditions, and 
variations in device characteristics. 

Averaged over any interval of 30 seconds maximum. When sta-
bility of operation is important, the use of an average anode cur-
rent well below the maximum rated value of 10 microamperes is 
recommended. This maximum rating should never be exceeded 
because operation at higher average output currents may cause a 
permanent decrease in infrared sensitivity and a consequent de-
crease in the tube life. 

Tube operation at room temperature or below is recommended. 

This value is calculated from the typical anode luminous sensi-

tivity rating using a conversion factor of 94 lumens per watt. 

Under the following conditions: The light source is a tungsten-
filament lamp having s lime-glass envelope. It is operated at a 
color temperature of 2870°  K and a light input of 10 micro-
lumens is used. 

This value is calculated from the typical cathode luminous sensi-

tivity rating using a conversion factor of 94 lumens per watt. 

Under the following conditions: The light source is a tungsten-

filament lamp having s lime-glass envelope. It is operated at a 

color temperature of 2870°  K. The value of light flux is 0.01 

lumen and 250 volts are applied between cathode and all other 

electrodes connected as anode. 

m Under the following conditions: Light incident on the cathode 
is transmitted through an infrared filter (C.S. No.7-56, manu-
factured by Corning Glass Works, Corning, NY 14830) from a 
tungsten-filament lamp operated at a color temperature of 

2870°  K. The value of light flux incident on the filter is 0.01 
lumen, and 250 volts are applied between cathode and all other 
electrodes connected as anode. 

n At a tube temperature of 22o C. With supply voltage adjusted to 
give a luminous sensitivity of 4 amperes per lumen. Dark cur-

rent caused by thermionic emission may be reduced by use of a 
refrigerant. 

At 8000 angstroms. These values are calculated from the EADCI 
valu~.~s in lumens using a conversion factor of 94 lumens per watt. 

P 
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  7102 

4 Under the following conditions: Tube temperature 22o C, ex-
ternal shield connected to cathode, bandwidth 1 Hz, tungsten-
light source at a color temperature of 2870°  K interrupted at a 
low audio frequency to produce incident radiation pulses alter-
nating between zero and the value stated. The "on" period of 
the pulse is equal to the "off" period. 

r At 8000 angstroms. This value is calculated from the ENI value 
in lumens using a conversion factor of 94 lumens per watt. 

Measured between 10 per cent and 90 per cent of maximum 
anode-pulse height. This anode-pulse rise time is primarily a 
function of transit time variation and is measured under condi-
tions with the incident light fully illuminating the photocathode. 

The electron transit time is the time interval between the arrival 
of a delta function light pulse at the entrance window of the tube 
and the time at which the output pulse at the anode terminal 
reaches peak amplitude. The transit time is measured under 
conditions with the incident light fully illuminating the photo-
cathode. 

s 

t 

Operating Considerations 

Terminal Connections 

The base pins of the 7102 fit a duodecal 12-contact socket, 
such as Eby No.9058, or equivalent. The basing arrange-

ment is such that the voltage between anode pin and ad-

jacent pins is not more than twice the voltage per stage. 

As a result, external leakage between anode pin and ad-
jacent pins is kept low. 

Ambient Atmosphere 

Operation or storage of this tube in environments where 
helium is present should be avoided. Helium may per-
meate through the tube envelope and may lead to even-

tual tube destruction. 

Anode Current 

The operating stability of the 7102 is dependent on the 

magnitude of the anode current. The use of an average 
anode current well below the maximum rated value of 10 
microamperes is recommended when stability of operation 
is important. This maximum rating should never be ex-
ceeded because operation at higher average output currents 
may cause a permanent decrease in infrared sensitivity and 
a consequent decrease in the tube life. 

Dark Current 

A very small anode dark current is observed when voltage is 
applied to the electrodes of these tubes in complete dark-
ness. Among the components contributing to dark current 
are ohmic leakage between the anode and adjacent elements 
and pulses produced by electrons thermionically released 

from the cathode, secondary electrons released by ionic 
bombardment of the dynodes, support rods, or cathode, 
and by cold emission from the electrodes. 

Typical anode dark current and EADCI as a function of 
luminous sensitivity at a temperature of +22o C is shown 
in Figure 7. 

In either do or ac applications where maximum gain with 
unusually low dark current is required, the use of a refriger-
ant, such as dry ice, to cool the photocathode of the 7102 
is recommended. The refrigerant reduces the thermionic 
emission, and thereby lowers the detection threshold to 
give improved operation. The curves in Figure 6 show the 
equivalent noise input as a function of the temperature of 
the 7102. 

A temporary increase in anode dark current by as much 
as 3 orders of magnitude may occur if these tubes are 
exposed momentarily to high-intensity ultraviolet radia-
tion from sources such as fluorescent room lighting 
even though voltage is not applied to the tubes. The in-
crease in dark current may persist for a period of 24 to 48 
hours following such irradiation. 

Schematic Arrangement of Structure 
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Shielding 

Electrostatic shielding of the tube is ordinarily required. 
When a shield is used, it must be connected to the cathode 
terminal. The application of high voltage, with respect to 
cathode, to insulating or other materials supporting or 
shielding the tube at the photocathode end should not be 
permitted unless such materials are chosen to limit leakage 
current to the tube envelope to 1 x 10'12 ampere or less. 

In addition to increasing dark current and noise output 
because of voltage gradients developed across the bulb wall, 
such high voltage may produce minute leakage current to 
the cathode, through the tube envelope and insulating 
materials, which can permanently damage the tube. 
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7702  

Electrostatic and/or magnetic shielding of the 7102 may 
be necessary. The metallic coating on the inner side wall of 
the glass bulb serves as an electrostatic shield to prevent the 
coated portion of the bulb wall from charging to a positive 
potential. However, the uncoated area of the bulb wall 
tends to charge to a potential near that of the anode, 
especially when the 7102 is operated at voltages near the 
maximum ratings. In addition to causing an increase in 
noise output this condition may also result in permanent 
tube damage. To prevent this possibility any external shield 
must be connected to cathode potential. 

Typical Time Resolution Characteristics 

DYNODE No. I-TO-CATHODE VOLTS = /6 E 
EACH SUCCEEDING. DYNODE-STAGE VOLTS = 1/12 E 
ANODE-TO-DYNODE No. 10 VOLTS = I/ 2 E 
PHOTOCATHODE IS FULLY ILLUMINATED 
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Figure 3 

Magnetic shielding of the 7102 may be necessary if it is 
operated in the presence of strong magnetic fields. The 
curve in Figure 9 shows the effect of variation in magnetic-
field strength on anode current under the conditions indi-
cated. With increase in voltage above 100 volts between 
cathode and dynode No.1, the effect of a given magnetic 
field will cause less decrease in anode current. 

It is to be noted that the use of an external shield at high 
negative potential presents a safety hazard unless the shield 

is connected through a high resistance in the order of 10 

megohms to the negative potential source. If the shield is 

not so connected, extreme care should be observed in pro-
viding adequate safeguards to prevent personnel from 
coming in contact with the high potential of the shield. 

Adequate visible and infrared-radiation shielding should 
be provided to prevent extraneous radiation from reaching 
any part of the 7102. Although the metallic coating on the 
inner side wall of the face end of the envelope serves to re-
duce the amount of such radiation reaching the electrodes, 
it is inadequate to shield completely the entire tube struc-
ture. 

Sensitivity and Current Amplification Characteristics 

DYNODE No.1-70-CATHODE VOLTS = I /6 E 
EACH SUCCEEDING DYNODE -STAGE VOLTS= 1/12 
ANODE-TO-DYNODE No. 10 VOLTS = 1/12 E 
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Figure 4 

Operating Voltages 
In general, the operating potential between anode and cath-
ode should not be less than 500 volts. 

The operating voltage between dynode No.10 and anode 
should be kept as low as will permit operation over the 
knee of the anode characteristic curves shown in Figure 8. 
With low operating voltage between dynode No.10 and 
anode, the ohmic leakage current to the anode is reduced. 
Operation over the knee occurs in the approximate range of 
50 to 100 volts for the light level range shown in Figure 8. 
Under high pulse current conditions, saturation due to 
space-charge limitations will occur and higher voltage will 
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  7102 

be required. To obtain the suggested operating voltage be-
tween dynode No.10 and anode, it is necessary to in-
crease the supply voltage between these electrodes by an 
amount equal to the voltage drop across a particular out-
put load. 

In applications where it is desired to keep the statistical 
fluctuations to a minimum, e.g., as in astronomical mea-
surements, the potential between cathode and dynode No.1 
may be increased to the rated maximum value of 400 
volts. 

When the application utilizes continuous luminous ex-
citation and do anode current and it is desired to have a 
high ratio of signal output to dark current, it is recom-
mended that the operating supply voltage (E) be de-
termined with reference to the curve in Figure 7 which 
shows the equivalent anode-dark-current input as a func-
tion of luminous sensitivity for the 7102, and the curves in 
Figure 4 which show luminous sensitivity as a function of 
the supply voltage. 

In applications involving pulsed excitation and ac coupling 
at the anode, the best signal-to-noise ratio is obtained with 
a supply voltage (E) in the range from 850 to 1250 
volts. Within this range, the noise at the anode is produced 
primarily by the statistical release of thermal electrons, and 
the noise power spectrum is essentially flat up to about 
50 megahertz per second. At voltages above 1250 volts, 
regenerative phenomena usually contribute to the noise. 

The noise spectrum of the 7102 is such that the threshold 
of pulse detection depends on the associated circuitry. The 
bandpass filter should be designed to pass only the fre-
quency range of the exciting signal in order to eliminate as 
much noise as possible. 

Whenever frequency response is important, the leads from 
the 7102 to the load circuit should be as short as possible. 

A typical voltage-divider arrangement for use with the 7102 

is shown in Figure 10. Recommended resistance values for 

the voltage divider range from 10,000 ohms per stage to 1 

megohm per stage. The choice of resistance values for the 

voltage-divider network is usually a compromise. If low 

values of resistance per stage are utilized, the power drawn 
from the regulated power supply and the required wattage 
rating of the resistors increase. Phototube noise may 
also increase due to heating. The divider network and other 
heat producing components should not be located so that 

they will increase the photocathode temperature. The use 

of resistance values near 1 megohm per stage may cause de-

viation from linearity if the voltage-divider current is not 
maintained at a value several times that of the maximum 

value of anode current, and may limit anode-current re-

sponse to pulsed light. The latter effect may be reduced by 
connecting capacitors between the tube socket terminals 
for dynodes No.9 and No.10, and between dynode No.10 

and anode return. In addition to nonlinearity and pulse-
limiting effects, the use of resistance values exceeding 1 

megohm per stage make the 7102 more susceptible to 

leakage effects between terminals with possible resulting de-

viation in interstage voltage leading to a loss of current 
amplification. 

In most applications, it is recommended that the positive 
high-voltage terminal be grounded in order that the output 
signal will be produced between anode and ground. This 
method prevents power-supply fluctuations from being 
coupled directly into the signal-output circuit. When the 
7102 is operated in this manner, the electrostatic shield 
must be connected to the cathode for maximum signal-to-

noise ratio. 

The high voltages at which the 7102 is operated are very 
dangerous. Care should be taken in the design of apparatus 
to prevent the operator from coming in contact with these 
high voltages. 

Leads to all capacitors should be as short as possible to 
minimize inductance effects. The location and spacing of 
capacitors is critical and may require adjustment for 

optimum results. 

The capacitor values will depend upon the shape and the 
amplitude of the anode-current pulse, and the time dura-
tion of the pulse, or train of pulses. When the output pulse 
is assumed to be rectangular in shape, the following for-
mula applies: 

i•t 
C = 100 V 

where Cis in farads 
i is the amplitude of anode current in amperes 
V is the voltage across the capacitor in volts 

and t is the time duration of the pulse in seconds 

This formula applies for the anode-to-final dynode ca-
pacitor. The factor 100 is used to limit the voltage change 

across the capacitor to 1%maximum during a pulse. Capac-

itor values for preceding stages should take into account the 

smaller values of dynode currents in these stages. Conserva-
tively, afactor of approximately 2 per stage~is used. Capac-
itors are not required across those dynode stages where the 
dynode current is less than 1/10 of the current through the 
voltage-divider network. 

For other shaped pulses or for a train of pulses, the total 

charge q should be substituted for (i•t) and the following 

formula applies: 

q 
C = 100 V 

where q fi(t) dt coulombs 

5 



7102  

Spectral Characteristic of Radiation From 2870° K 

Light Source After Passing Through Infrared Filter 
(Corning C.S. No.7-56) 
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Equivalent Noise-Input Characteristics 

92C5-945fi 

E
Q

U
IV

A
LE

N
T

 
N

O
IS

E
 I

N
P

U
T

—
L

U
M

E
N

S
 (

C
O

LO
R

 
T
E
M
P
E
R
A
T
U
R
E
 
2
9
7
0
'
x
)
 C
U
R
V
E
 
A
 

o
,
 

~
~
 

o
,
 

o
,
 

N
 

N
 

L 
P

 
O

 
N

 
♦ 

P
 

m
 

0 
N

 
L

 
P

 
P

 
O

 
N

 
♦ 

O
 

DYNODE-N~ -TO-CATHODE VOLTS=208 
EACH-SUCCEEDING-DYNODE-STAGE VOLTS=104 

N
 

♦ 
P

 
O

S
' 

N
 

> 
P

 
O

~
 

N
 

♦ 
P

 
O

~
~

 
N

 

A
 

W
 

N
 

_ 
O

 

E
Q

U
IV

A
L

E
N

T
 

N
O

IS
E

 
IN

P
U

T
 

A
T

 
8
0
0
0
 A

—
 W

A
T

T
S

 
C
U
R
V
E
 
B
 B 

A 
'~~ 

i ~ 
~~ 

i 

-fi0 -40 -20 0 20 40 
TUBE TEMPERATURE -'C 

Figure 6 

60 

92CS-9462 

Typical EADCI and Anode Dark 

Current Characteristics 

LUMINOUS SENSITIVITY IS VARIED BY ADJUSTMENT OF THE SUPPLY 
VOLTAGE (E). 

DYNODE No.I-TO-CATHODE VOLTS • I/6 E 
EACH SUCCEEDING DYNODE-STAGE VOLTS=1/12 E 
ANODE-TO -DYNODE No.10 VOLTS =1/12 E 
LIGHT SOURCE IS A TUNGSTEN -FILAMENT LAMP OPERATED AT A 

COLOR TEMPERATURE OF 2870"K. 
TUBE TEMPERATURE -22"C. 
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  7102 

Typical Anode Cfiaracteristics 

DYNODE - No.l - TO -CATHODE VOLTS = 208 
EACH SUCCEEDING -DYNODE STAGE VOLTS=104 
LIGHT SOURCE IS ATUNGSTEN-FILAMENT LAMP 

OPERATED AT COLOR TEMPERATURE OF 
2870° K. 
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Typical Effect of Magnetic Field on Anode Current 

MAGNETIC FIELD IS PARALLEL TO DYNODE —CAGE AXIS. 
POSITIVE VALUES ARE FOR LINES OF FORCE FROM LEFT 

TO RIGHT WITH BASE DOWN AND BASE KEY TOWARD 
OBSERVER. 

VOLTS PER STAGE = 100 
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Figure 9 

Typical Voltage-Divider Arrangement 

ANODE RETURN 

RII 

RIO 

R 

+O 
TO R 7 

REGULATED 
DC POWER 
SUPPLY R6 

(SEE NOTE I) 
—Q 

RS 

Rq 

R 

DYNODE No.10 
~~I 

92CS-7813VI 

DYNODE No.9 

DYNODE No.B 

DYNODE No.7 

DYNODE No.6 

DYNODE No.S 

DYNODE No.4 

DYNODE No.3 

DYNODE No.2 

DYNODE No. l 

PHOTOCATHODE 

LOAD 
CONNEOCTION 

ANODE 

PHOTO-
MULTIPLIER 

92CS-12481RI 

C1 : 0.02 µF, 209'0, 500 volts (dc working►, ceramic disc 
C2: 0.01 µF, 20%, 500 volts (dc working), ceramic disc 
R1: 910,000 ohms, 2 watts 
R2 through R11 ~ 470,000 ohms, 1 watt 

Note 1: Adjustable between approximately 500 and 1500 volts dc. 

Note 2: Capacitors C1 and C2 should be connected at tube socket 
for optimum high-frequency performance. 

Note 3: Component values are dependent upon nature of applica-
tion and output signal desired. See discussion on Typical Voltage 
Divider Arrangements —page 4. 

Figure 10 
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Dimensional Outline 

D 

C 

A 

8 

 a 

— FACEPLATE 
(SEE NOTE) 

PHOTOCATHODE 

T 12 BULB 

BASE 
JEBEC No BQ-a3 

9205-~7'OR6 

Note: Deviation from flatness will not exceed 0.010" from peak to 

valley. 

Hof bulb will not deviate more than 2°  in any direction from the 

perpendicular erected at the center of bottom of the base. 

Dimensions Inches mm 

A 

B 

C 

D 

4.57 max. 

3.88+0.19 

1.24 min. die. 

1.56 max. die. 

116.1 max. 

98.5+4.8 

31.4 min. die. 

39.6 max. die. 

Basing Diagram 
Bottom View 

P DYIO 

DY ~ 

0 
® ~ DYp 

DYI K 

DIRECTION OF RADIATION 
INTO END OF BULB 

Pin 1 : Dynode No.1 
Pin 2: Dynode No.3 
Pin 3: Dynode No.5 
Pin 4: Dynode No.7 

Pin 5: Dynode No.9 
Pin 6: Anode 
Pin 7: Dynode No.10 
Pin 8: Dynode No.8 
Pin 9: Dynode No.6 
Pin 10: Dynode No.4 
Pin 11: Dynode No.2 
Pin 12: Photocathode 

12AE 

RCA Electronic Components Harrison, N.J. 07029 
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For your Information 

RCA In~err~atiar►al Divaion 
Licensee Service Harrison, h.1. 

Ceramic-Metal Seals 
Coaxial-Electrode Structure 
Compact Design 

r 
ti~ V~ ~~ 

7203/4CX250B 
BEAM POWER TUBE 
For Use at Frequencies up to 500 Mc 

Forced-Air Cooled 
400 Watts CW Output to 175 Mc 
250 Watts CW Output at 500 Mc 

This bulletin also appl ies to RCA-
7204/4CX250F which is identical with 
RCA-7203/4CX250B except for its 
heater rating of 26.5 t 10~ volts, 
0.58 ampere. The 7204 is uni later-
ally interchangeable with the 
4X250F and bi lateral ly inter-
changeable with the 4CX250F. 

7204/4CX250F 

2.464" Max. Length 
1.640" Max. Diameter 

Integral Radiator 

RCA-7203/4CX250B is a•very smal l and compact 

forced-air-cooled beam power tube constructed 

with ceramic-metal seals throughout and having a 

maximum plate dissipa-

tion of 250 watts. It 

is intended for service 

as an of power ampl ifier 

and modulator, a wide-

band ampl ifier in video 

appl ications, a l inear 

rf power ampl ifier in 

single-sideband sup-

pressed-carrier equip-

ment, and a class C 

ampl ifier and osci l-

lator. The 7203 can be 

used with ful l ratings 

at frequencies up to 

500 megacycles per second, 

flCArUeETRON 

~_ 

'F 'T'P 

4t><2~ 

i" 

,~ 

The ceramic—metal—seal construction employed 

in the 7203 permits operation at higher tempera—

tures than a glass—seal construction and thus 

provides improved rel iabi l ity. The special ly 

designed, high—efficiency radiator which is 

brazed directly to the plate for better heat 

transfer, makes possible the maximum plate—dissi—

pation rating of 250 watts with no sacrifice in 

tube rel iabi l ity. 

The terminal arrangement of the 7203 faci l i—

tates use of the tube with tank circuits of the 

coaxial type. Effective isolation of the output 

circuit from the input circuit is provided at the 

higher frequencies by the ring terminal for grid 

No.2. A base—pin terminationforgrid No.2 is 

also avai lable for operation of the 7203 at the 

lower frequencies. 

The '72og isunilaterally interchangeable with 

the gX25oB and bilaterally interchangeable with 

the gCXzgoB. 

GENERAL DATA 
Electrical: 

Heater, for Unlpotential 
Voltage (AC or DC)§ 
Current a[ 6.0 volts  
Minimum heating time  

Mu-Factor, Grid No.2 to Grld No.i, 
for grid-No.2 volts = 300 and 
grid-No.2 ma. = 50  

Direct Interelectrode ~ 
Capaci tances (Approx.): 

Grid No.l to plate 0  03 

and heater   16 
Plate to cathode, grid No.2, 

and heater   4.4 

Mechanical: 
Operating Position   Any 
Maximum Overall Length   2.46U" 
Maximum Seated Length   1.910" 
Maximum Diameter   1.640" 
Base  Special 6-Pin 
Socket  

Cathode: 

Grid No.i to cathode, grid No.2, 

6.0 t 10% 
2.6 
30 

5.0 

volts 
amp 

secontls 

µµf 

µµf 

µµf 

Air-System Socket, such as SK-60~ 
and SK-606 Air Chimney' or 124-110-1 

(Suppl ied with Air Chimney) 
Radiator   Integral part of tube 
Air Flow: 

through IndicatedAir-System Socket--Thlsfittingdirects 
the air over the base seals; past the grid-No.2 seal, 
envelope, and plate seal; and through the radiator to 
provide effective cool ing with minimum air flow. When 
the tube is operated at maximum plate dissipation for 
each class of service, a minimum air flow of 3.Bcfm 
through the system is required. The corresponding 
pressuredrop is approximately 0.3 inch of water. These 
requirements are for operation at sea level and at an 
ambient temperature of 20o C..At higher altitudes and 
ambient temperatures, the air flow must be increased 
to maintain the respective seal temperatures and the 
plate temperature within maximum ratings. 

Without Air-System Socket--If an air-system socket is 
not used, it is essential that adequate cool ing air 
be directed over the base seals, past the envelope, 
and through the radiator. Under these conditions and 
with the tube operating at maximum plate dissipation 
for each class of service, a minimum air flow of 3.6 
cfm must pass through the radiator. The corresponding 
pressure drop is approximately 0.1 inch of water. 
These requirements are for operation at sea level and 
at an ambient temperature of 20o C. At higher alti-
tudes and ambient temperatures, the air flow must be 
increased to maintain the respective seal temperatures 
and the plate temperature wi thin maximum ratings. 

Plate Temperature (Measured on base 
end of plate surface at junction o
with fins)   250 max. C 

Temperature of Plate Seal, Grid-No.2 
Seal, and Base Seals   250 max. °C 

Weight (Approx.)   4 ounces 

~ Available from Eitel-McCullough, lnc., San Bruno, Cal if. 

~ Available from E. F. Johnson Co., Waseca, Minn. 

Trademarks) ® Registered 
Marca(s) Registrada (s) 

ELECTRON TUBE DIVISION 
RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY 

7203/4CX250B Z-61 
Printed in U.S.A. 



AF POWER AMPLIFIER & MODULATOR— Class ABI~ 
Maximum CCS Ratings, Absolute-Maximum Values:#

DC PLATE VOLTAGE  
DC GRID-No.2 VOLTAGE  
MAX.-SIGNAL DC PLATE CURRENT* 
PLATE DISSIPATION*  
GRID-No.2 DISSIPATION*  
PEAK HEATER-CATHODE VOLTAGE: 

Heater negative with respect 
to cathode  

Heater positive wi th respect 
to cathode  

Typical CCS Operation: 

Values are for 2 tubes 

DC Plate Voltage  
DC Grid-No.2 Voltage  
DC Grid-No.l 

Voltage 
Peak AF Grid-No.l-to-Grid-No.l 

Voltage 
Zero-Signal DC Plate Current  

Max.-Signal DC Plate Current . 

Zero-Signal DC Grid-No.2 Current 

Max.-Signal DC Grid-No.2 
Current (Approx  ) 

Effective Loatl Resistance 
(Plate to plate)  

Max.-Signal Driving Power 
(Approx  ) 

Max.-Signal Power Output 
(Approx  ) 

Maximum Circuit Values: 

Grid-No.i-Circuit Resistance (Per tube). 0.1 

2000 
uoo 
250 
250 

12 

Power Output (Approx.): 
Synchronizing level  
Pedestal level  

160 300 440 watts 

90 170 250 watts 

LINEAR RF POWER AMPLIFIER 
Single-Sideband Suppressed-Carrier Service 

Maximum CCS Ratings, Absolute-Maximum Values:#

Uq to 500 Mc 

150 max. volts DC PLATE VOLTAGE   2000 max. 

DC GRID-No.2 VOLTAGE   400 max. 
150 max. volts MAX.-SIGNAL DC PLATE CURRENT 250 max. 

PLATE DISSIPATION   250 max. 

GRID-No.2 DISSIPATION  12 max. 

RF POWER AMPLIFIER— Class B 

max. 
max. 
max. 
max. 
max. 

3300 6000 8700 

0 0 0 

220 400 590 

volts 
volts 

ma 
watts 
watts 

PEAK HEATER-CATHODE VOLTAGE: 
1000 1500 2000 volts Heater negative wi th respect 
350 350 350 volts to cathode   150 max. volts 

Heater positive with respect 
-55 -55 -55 volts to cathode   150 max. volts 

94 94 9u Typical CCS Class AB I~ "Single-Tone" Operation 

166 166 166 
up to 175 Mc:u 

500 500 500 DC Plate Voltage   SODO 1500 2000 volts 

0 D 0 DC Grid-No.2 Voltage$  350 350 350 volts 

DC Grid-No.l Voltage   -55 -55 -55 volts 

10 8 8 Zero-Signal DC Plate Current 83 83 83 ma 

Zero-Signal DC Grid-No.2 Current 0 0 0 ma 
Effective RF Load Resistance 1650 3000 4350 ohms 

Max.-Signal DC Plate Current 250 250 250 ma 

Max.-Signal DC Grid-No.2 Current 5 u 4 ma 
Max.-Signal Peak RF Grid-

No.i Voltage   47 47 47 volts 

Max.-Signal Driving Power 
(Approx  ) 

Max.-Signal Power Output 
(Approx  )   110 200 295 watts 

Typical CCS Operation with "Two-Tone Modulation" 
at 30 Mc:m

DC Plate Voltage   1000 1500 2000 volts 

DC Grid-No.2 Voltage$  350 350 350 volts 
DC Grid-No.l Voltage**   -55 -55 -55 volts 

Zero-Signal DC Plate Current 83 83 83 ma 
Effective RF Load Resistance 1650 3000 4350 ohms 
DC Plate Current at Peak 
of Envelope  250 250 250 ma 

Average DC Plate Current 175 175 175 ma 

volts 

volts 
ma 

watts 
watts 

volts 
ma 

ma 

ma 

ma 

ohms 

watts 

watts 

max. megohm 

Television Service 
Synchronizing-level conditions der tube 

unless otherwisespecified 

Maximum CCS Ratings, Absolute-Maximum Values:#

54 to 216 Mc 

DC PLATE VOLTAGE   2000 max. 

DC GRID-No.2 
VOLTAGE  400 max. 

DC GRID-No.l 
VOLTAGE 

DC PLATE CURRENT (Average)®. 

PLATE DISSIPATION 
GRID-No.2 DISSIPATION  

GRID-No.l DISSIPATION 

PEAK HEATER-CATHODE VOLTAGE: 

Heater negative with respect 
to cathode   150 max. 

Heater positive with respect 
to cathode   150 max. 

Typical CCS Operation with 

DC Plate Voltage  
DC Grid-No.2 Voltage  
DC Grid-No.l Voltage  
Peak RF Grid-No.l Voltage: 

Synchronizing level  
Pedestal level  

DC Plate Current: 
Synchronizing level  
Pedestal level  

DC Grid-No.2 Current: 
Synchronizing level  
Pedestal level  

DC Grid-No.1 Current: 
Synchronizing level  
Pedestal level  

Driving Power (Approx ):~ 

Synchronizing level  
Pedestal level  

Bandwidth of 5 Mc: 

1000 1500 2000 
350 350 350 
-60 -65 -70 

65 71 76 volts 

52 57 62 volts 

355 360 360 
250 250 250 

27 29 29 
4 0 0 

2 5 5 
0 0 0 

-250 max. 
250 max. 
250 max. 

12 max. 

2 max. 

volts 

volts 

volts 
ma DC Grid-No.2 Current at Peak 

0 0 o watts 

watts of Envelope  30 30 30 ma 
watts Average DC Grid-No.2 Current 6 9.5 15 ma 
watts Average DC Grid-No.l Current 0 0 0 ma 

Peak-Envelope Driver Power 
(Approx  )   1 1 1 watt 

volts Output-Circui t Efficiency 
(Approx  )   95 95 95 % 

volts Distortion Products Level:' 

Third Order  29 29 30 db 
Fifth Order  *  40 38 35 db 

volts Useful Power Output (Approx.): 

volts Average  55 100 147.5 watts 

volts Peak Envelope  110 200 295 watts 

Maximum Circuit Values: 

Grid-No.l-Circuit Resistance Under Any Condi tion: 

With fixed bias  25000 max, ohms 
Wi th cathode bias  Not recommended 

PLATE-MODULATED RF POWER AMP. —Class C Telephony 
Carrier conditions der tube for use with 

a max. modulation factor of Z.0 

Maximum CCS Ratings, Absolute-Maximum Values:#

Ub to 500 Mc 

DC PLATE VOLTAGE   1500 max. volts 
DC GRID-No.2 VOLTAGE   300 max, volts 

0.4 1.2 1.2 watts DC GP.ID-No.l VOLTAGE   -250 max, volts 

0 0 0 watts DC PLATE CURRENT   200 max. ma 

ma 
ma 

ma 
ma 

ma 
ma 
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PLATE DISSIPATION 
GRID-No.2 DISSIPATION 
GRID-No.l DISSIPATION 

PEAK HEATER-CATHODE VOLTAGE: 
Heater negative with respect 

to cathode  
Heater positive with respect 

to cathode  

165 
8 

2 

150 

150 

max, 
max. 

max, 

max. 

max. 

watts 
watts 

watts 

volts 

volts 

Typical CCS Operation at Frequencies up to 175 Mc: 

DC Plate Voltage  500 1000 1500 volts 
DC Grid-No.2 Voltage (Modulated 
approx. 55%)  250 250 250 volts 

DC Grid-No.l Voltage* -100 -100 -100 volts 
Peak RF Grid-No.i Voltage. 113 113 113 volts 
DC Plate Current  200 200 200 ma 

DC Grid-No.2 Current  32 31 31 ma 
DC Grid-No.i Current (Approx.) 6 6 6 ma 
Driving Power (Approx.) 0.7 0.7 0.7 watt 
Power Output (Approx.)  50 140 235 watts 

Maximum Circuit Values: 

Grid-No.l-Circuit Resistance 
Under Any Condition 25000 max, ohms 

RF POWER AMPLIFIER & OSC. -Class C Telegraphyt 
and 

RF POWER AMPLIFIER- Class C FM Telephony 

Maximum CCS Ratings, Absolute-Maximum 7alues:N

Db to 500 Mc 

DC PLATE VOLTAGE   2000 max. volts 
DC GRID-No.2 VOLTAGE   300 max. volts 
DC GRID-No.l VOLTAGE   -250 max. volts 
DC PLATE CURRENT   250 max. ma 
PLATE DISSIPATION  250 max. watts 
GRID-No.2 DISSIPATION  12 max, watts 
GRID-No.i DISSIPATION  2 max. watts 
PEAK HEATER-CATHODE VOLTAGE: 

Heater negative with respect 
to cathode   150 max. volts 

Heater positive with respect 
to cathode   150 max. volts 

Typical CCS Operation at Frequencies up to 175 Mc: 

DC Plate Voltage  500 1000 1500 2000 
DC Grid-No.2 Voltage 250 250 250 250 
DC Grid-No.l Voltage -90 -90 -90 -90 
Peak RF Grid-No.l Voltage 109 109 109 109 
DC Plate Current  250 250 250 250 
DC Grid-No.2 Current 48 45 36 30 
DC Grid-No.i Current 
(Approx  ) 12 12 11 11 

Driving Power (Approx.). 1 1 1 1 
Power Output (Approx.) 65 18.0 290 400 

Typical CCS Operation at Frequency of 500 Mc with 
Coaxial 

volts 
volts 
volts 
volts 

ma 
ma 

ma 
watt 

watts 

Cavity: 

Direct lnterelectrode Capacio
tances (Types 7203 b 7204) 
Grid No.i to plate . 
Grid No.i to cathode, 

Note 

- 

Mi.n. Max. 

0.06 µµf 

grid No.2, and heater. - 14.2 17.2 µµf 
Plate to cathode, 

grid No.2, and heater. - 4.0 4.8 µµf 
Grid-No.i Voltage: 

Type 7203 1,3,7,6 
Type 7204 2,3,7,8 -32 -46 volts 

Grid-No.2 Current: 
Type 7203 1,3,7,8 
Type 7204 2,3,7,8 -7 +3 ma 

Useful Power Output: 
Type 7203 5,7,8 
Type 7204 6,7,8 225 - watts 

Note 1: With 6.0 volts on heater. 

DC Plate Voltage 2000 volts 
DC Grid-No.2 Voltage 300 volts 
DC Grid-No.i Voltage -90 volts 
DC Plate Current 250 ma 
DC Grid-No.2 Current SO ma 
DC Grid-No.l Current (Approx ~ 25 ma 
Driver Power Output (Approx.)  18 watts 
Useful Power Output (Approx.)  250 watts 

Maximum Circuit Values: 

Grid-No.i-Circuit Resistance 
Under Any Condition  25000 max, ohms 

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 
Note Min. Max. 

Heater Current: 
Type 7203 
Type 7204 

1 2.3 2.9 
2 0.50 0.62 

amp 
amp 

Note 

Note 

2: With 26.5 volts on heater. 

3: With do plate voltage of 1000 volts, do grid-No.2 voltage 
of 300 volts, and grid-No.l voltage adjusted to give 
plate current of 150 ma. 

Note 4: With plate floating, do grid-No.2 voltage of 300 volts, and 
grid-No.i voltage adjusted to give grid-No.2 current of 
50 ma. 

Note 5: With heater voltage of 5.5 volts, do plate voltage of 
2000 volts, do grid-No.2 voltage of 300 volts, do grid-
No.i bias of -90 volts, do grid-No.i current of 25 ma 
maximum, grid-No.i signal voltage adjusted to produce 
do plate current of 250 ma, and coaxial'-cavity amplifier 
circuit operating at a frequency of 475 Mc. 

Note 6: Same as Note 5 except heater voltage is 24.3 volts. 

Note 7: With forced-Air Cooling as specified underGENERAL DATA-
Atir-System Socket. 

Note 8: Heater voltage must be applied for at least 30 seconds 
before application of other voltages. 

SPECIAL PERFORMANCE DATA 

Interelectrode Leakage: 

This test is destructive and is performed on a sample 
lot of tubes from each production run under the following 
conditions: ac heater volts =b.b for type 7203 or 29.1 for 
type 7204, no voltage on other elements, and specified 
forced-air cooling for Sir-System Socket. At the end of 
500 hours, with tube at 25° C, and with no voltage applied 
to heater, the minimum resistance between indicated elec-
trodes as measured with a 500-volt Megger-type ohmmeter 
having an internal impedance of 2.5 megohms, will be: 

Grid No.1 and Grid No  2  10 min. megohms 
Grid No.i and Cathode  10 min. megohms 
Grid No.2 and Cathode  10 min. megohms 

Because the cathode is subjected to considerable back 
bombardment as thefrequency is increased with resultant 
increase in temperature, the heater voltage should 
be reduced depending on operating conditions and 
frequency to prevent overheating the cathode and 
resultant short l ife. 

With cyl indrical shield JEDEC No.320 surrounding 
radiator; and with a cyl indrical shield JEDEC No.321 
surrounding the grid-No.2 ring terminal. Both shields 
are connected to ground. 

The maximum ratings in the tabulated data areestabl ished 
in accordance with the following definition of theAbso-
lute-Maximum Rating System for rating electron devices. 
Absolute-Maximum ratings are limiting values of oper-
ating and environmental conditions applicable to any 
electron device of a specified type as defined by its 
publ ished data, and should not be exceeded under the 
worst probable conditions. 
The device manufacturer chooses these values to provide 
acceptable serviceabil ity of the device, taking no 
responsibility for equipment variations, environment 
variations, and the effects of changes in operating 
conditions due to variations in device characteristics. 
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+ The driver stage is required to supply tube losses and 
rf circuit losses. The driver stage should be designed 
to provide an excess of power above theindicated values 
to take care of variations in l ine voltage, in compo—
nents, in ini tial tube characteristics, and in tube 
characteristics during l ife. 

The equipment manufacturer should design so that 
initially and throughoutl ifeno Absolute—Maximum value 
for the intended service is exceeded with any device 
under the worst probable operating conditions with 
respect to supply—voltage variation, equipment component 
variation, equipment control adJ'ustment, load variation, 
signal variation, environmental conditions, and varia—
tions in device characteristics. 

Subscript 1 indicates that grid—No.i current does not 
flow during any part of the input cycle. 

~ Continuous Commercial Service. 

* Averaged over any audio—frequency cycl e of sine~vave form. 

® Averaged over any frame. 

u "Single—Tone" operation refers to that class of ampl i—
fier service in which the grid—No.l input consists of 
a monofrequency rf signal having constant ampl itude. 
This signal is produced in a single—sideband suppressed—
carrier system when a single audio frequency of constant 

+ 
ampl itude is applied to the input of the system. 

+ Preferably obtained from a fixed supply. 
m 

"Two—Tone Modulation" operation refers to that class 
of ampl ifier service in which the input consists of 
two equal monofrequency rf signals having constant 
ampl i tude. These signals are produced in a single—
sideband suppressed—carrier system when two equal —and—
constant—amplitude audio frequencies are applied to 
the input of the system. 

** Obtained from a fixed supply. 

~ Without the use of feedback to enhance linearity. 

* Measured at load of output circuit having indicated 
efficiency. 

~ The do grid—No.2 voltage must be modulated approximately 
55% in phase with the plate modulation in order to 
obtain 100% modulation of the 7203. The use of a series 
grid—No.2 resistor orreactor may not give satisfactory 
performance and is therefore not recommended. 

* Obtained from grid—No.i resistor or from a combination 
of grid—No.i resistor wi th either fixed supply or 

+ cathode resistor. 

1 Key—down conditions per tube without amplitude modula—
tion. Amplitude modulation essentially negative may be 
used if the positive peak of the audio—frequency enve—
lope does not exceed 115% of the carrier conditions. 

OPERATING CONSIDERATIONS 

Themaximumtemperaturesinthe tabulated data 

for the base seals, grid—No.2 seal, plate seal , 

and plate are tube ratings and are to be observed 

in the same manner as other tube ratings. The 

temperature of the respective seals and of the 

plate may conveniently be measured with temper—

ature—sensitive paint, such as Tempi laq. The 

latter is made by the Tempi ) Corporation, 132 

W. 22nd Street, New York I I, N.Y. in the form of 

l iquid and stick. 

The socket for the 7203 should be of a type 

(such as is indicated in the tabulated data) which 

permits adequate air—cool ing of the tube. Although 

the base wi l l fit a conventional lock—in socket, 

the latter does not permit adequate cool ing and 

its use is therefore not recommended. 

The plate connection is made by means of a 
metal band or spring contacts to the cyl indrical . 
surface of the radiator. It is essential that 
the contact areas be kept clean to minimize rf 
losses especial ly at the higher frequencies. 

The ratedglate andgrid—No.2 voltages of this 
tube are extremely dangerous to the user. Great 
care should be taken during the adjustment of 
circuits. The tube and its associated apparatus, 
especial ly al I partswhich may be at high potential 
above ground, should be housed in a protective 
enclosure. The protective housing should 6e de—
signed with interlocks so that personnel can not 
possibly come in contact with any high—potential 
.point in the electrical system. The interlock 
devices should function to break the primary cir—
cuit of the high—voltage suppl ies when any gate 
or door on the protective housing is opened, and 

should prevent the closing of this primary cir—

cuit unti l the door is again locked. 
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Fig.z — Typical Plate Characteristics 
of Tybe '7zog. 
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Fig.a — Ty~icaG Characteristics 
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DIMENSIONAL OUTLINE 

~ 1.625'3 OIS" DIA: ► 
.568", 
+ 005a 

~DIA9 
.255'+•025" 

-.015' 
o~ 

750" 
1.040" 

± OS'~~ T I CERAMIC 
780" 

tA30" .I B~ ~"MIN~ 
~r 

r  ~ 
.020250"M 8 7' r I I I 

534' JJ I
y
' 

1.020" ~ MIN. A05"MIN. R. I,

M 

RADIATOR 
ANODE 

TERMINAL 

~ 1.406" MAX. DIA. 

GRID-Ns2 TERMINAL 

MAKE NO CON-
NECTION TO 

THIS SURFACE 

.360'MIN. .456' MAX. 

GRID-Nsl TERMINAL 
30' I I I A88"„t.031" 

1.020 

082"t.004" 
222 

.043"R. MAX, ~ 

.260"t.005"DIA*~ ►(~ 

.687" 
1.007" 

D IA.~' 

GRID-No.i PLUG DIMENSIONS ARE MEASURED BY THE USE OF THE 

SERIES OF GAUGES SHOWN IN SKETCHES G1 AND G2. IN THE 

FOLLOWING INSTRUCTIONS FOR THE USE OF THESE GAUGES, "GO" 

INDICATES THAT THE ENTIRE GRID-No.i PLUG KEY WILL ENTER 

THE GAUGE; AND "NO-GO" INDICATES THAT THE GRID-No.i PLUG 

KEY WILL NOT ENTER THE GAUGE MORE THAN 1/16". INSTRUC-

TIONS FOR THE USE OF THE GAUGES FOLLOW: 

~ GAUGES G1-1, G1-2, G1-3, AND G1-4: 

USING ONLY SLOT C, TRY THESE GAUGES IN NUMERICAL 

ORDER UNTIL ONE IS FOUND THAT WILL ACCEPT THE ENTIRE 

PIN 

PIN 

P!N 

PIN 

PIN 

PIN 

1: GRID No.2 (For use at 
the lower frequencies) 

2: CATHODE 

3: HEATER 

4: CATHODE 

5: INTERNAL CONNECTION--
DO NOT USE 

6: CATHODE 

45' 

GRID-No.i PLUG. USING THE FIRST GAUGE THUS FOUND, IT 

WILL NOT BE POSSIBLE TO INSERT THE GRID-No.i PLUG IN 

SLOT B. 

~ GAUGES G2-1, G2-2, AND G2-3: 

THE GRID-No.i PLUG WILL BE REJECTED BY GAUGES 

AND G2-2, BUT WILL BE ACCEPTED BY GAUGE G2-3. 

* BASE-PIN POSITIONS ARE HELD TO TOLERANCES SUCH THAT 
THE ENTIRE LENGTHOFTHE PINS WILL, WITHOUT UNDUE FORCE, 

PASS INTO ANO DISENGAGE FROM THE FLAT-PLATE GAUGE SHOWN 

IN SKETCH G3. 

BASING DIAGRAM 
Bottom View 

RADIATOR 
K~ p S IG 

RING 
G2 

PIN 7: HEATER 

PIN 8: CATHODE 

BASE INDEX PLUG: GRID No.l 

RADIATOR: PLATE 

RING TERMINAL: GRID No.2 
(For use at the 

higher frequencies) 

G2-1 
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Gauge Sketch G i

T 

I 1~2" 

I •• 

.~ 

.o~ao" 
3.0003" 

.0860" .~ C
1.0003" 

92GS-8634 

Gauge Dimension 
A 

G 1 -1 

G1 - 2 

G1 -3 

G 1 -4 

.2575" 

.2600" 

.2625" 

+ .0000" 
- .0005" 

+ :0000" 
- .0005" 

+ .0000" 
.0005" 

+ .0000" 
.2650" _ 

.0005" 

Suggested Design for Extractor 
to Remove Tube from Cavity 

SEE 
4~ 

DETAILI I 

y 

--H I~-3/32 * I/64 

DETAIL 

1/16 * I, /64 

5
~~/

: 

I ~16 ' t %16 
TWIST REGION 

1 3/4 + %6

OIO"MA%. 
R. 

27/
32\ 

(~ 

I/4 ~ I/32 R. 

FORMED 

UNFORMED 
7" i  I/8. 

3/32 

~* ~64~ 

I, `I3 
6 64 

MATERIAL: SPRING-HARDENED STEEL, 

 )i 0.012" THICK % I/4 WIDE. 

NOTEI 

Gauge Sketch G2

_~ 

I/2" 

I-~ I/2 —a 
I" ~ 92GS-8635 

Gauge 
Dimension 

A B 

+ .0000^ 
G2- 1 .2550" _ ,0005" •125" 

+ .0000" 
G2 - 2 .2980" _ ,0005" 

none 

+ .0000" 
G2- 3 .3080" _ ,0005" none 

NOTEI BURR MUST NOT EXCEED 0.002" 
IN DIRECTION PERPENDICULAR TO 
FLAT SURFACES. THE CORRESPONDING 
FLAT SURFACES OF THE TWO LEGS 
SHOULD BE IN THE SAME PLANE 
WITHIN %6. 

92GS-9BOORI 9X5 -7975 R1 

Gauge Sketch G3

TOLERANCES ARE NOT CUMULATIVE 

Information furnished by RCA is bel ieved to be accurate 
and reliable. However, no responsibil i ty is assumed by 
RCA for its use; nor for any infringements of patents 
or other rights of third parties which may result from 
i ts use, No l icense is granted by impl ication o~r 
otherwise under any patent or patent rights of RCA. 

.3435 "3.000S" R. 



This bulletin is to be used in con-
junction with the publication 10E-
277 "RCA Display-Storage Tubes". 

RCA-7268A 
DISPLAY-STORAGE TUBE 

High Resolution Type For Use Under Severe 
Environmental Conditions, 4" -Diameter Display, 

Two Writing Guns, One Viewing Gun, 
Integral Magnetic Shield 

The i268A is unilaterally interchangeable with type 7268 

RCA-7268A is a "ruggedized", 5" -diameter, SPECTRAL-ENERGY EMISSION CHARACTERISTIC 
direct-view electrostatic focus and deflection type of 
display-storage tube designed for use in military and 
commercial information-handling displays where rough 
tube usage may be encountered. It has two writing 
guns which permit the simultaneous writing of two 
independent signals and a single viewing gun. 

The 7268A is capable of providing anon-flicker-
ing 4" -diameter display having uniform brightness and 
excellent positional accuracy of written signals under 
environmental conditions involving severe vibration, 
extremes in temperature and pressure, salt spray, and 

high humidity. 

Its rugged internal structure, high brightness, and 
an adjustable rate of information decay make the 7268A 
especially useful, under daylight viewing conditions, 
in airborne fire-control radar systems. 

FEATURES 

• Excellent Resolution 
—70 lines per inch (min.) 

• High Display Brightness 
—2500 footlamberts (typical) 

• High Display Accuracy 

• Two Writing Guns Having Close Registration Capa-
bil ity 

• Designed to Withstand the Severe Environmental 

Requirements of Airborne Equipment 

• Integral Magnetic Shield 

• Ability to Integrate Signals in Presence of Noise 

COLOR 

YELLOW —
GREEN 

OF PHOSPHOR P20 
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Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 
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7268A 

DATA 

Electrical: 

Heater, for Unipotential Cathode (All guns): 
Voltage (AC or DC)  6.3 ± 10% volts 
Current at 6.3 volts  0.6 A 

Cathode Heating Time 
(Minimum) before other electrode 

voltages are applied   30 sec 

Writing Section —Each Gun: 

Focusing Method  Electrostatic 
Deflection Method  Electrostatic 
Deflecting-Electrode Arrangement. .See Dimensional Outline 
Direct Interelectrode Capacitances: 

Grid No.l to all other electrodes 15 max. pF 
Cathode to all other electrodes   8 max. pF 
Deflecting electrode DJ1 to 

deflecting electrode DJ2   3 max. pF 
Deflecting electrode DJ3 to 

deflecting electrode DJ4  2 max. pF 
DJ1 to all other electrodes   10 max. pF 
DJ2 to all other electrodes   10 max. pF 
DJ3 to all other electrodes   10 max. pF 
DJ4 to all other electrodes   10 max. pF 

Viewing Section: 

Direct Interelectrode Capacitances: 
Grid No.l to all other electrodes 18 max. pF 
Cathode to all other electrodes   10 max. pF 
Backplate to all other electrodes . 110 max. pF 

Optical: 

Phosphor   P20, Aluminized 

Mechanical: 

Minimum Useful Viewing Diameter  
Maximum Overall Length 
Maximum Diameter (Excluding screen lead) 

4" 
16" 

5  28" 
Screen Connector Assembly  See Dimensional Outline 
Base   JEDEC No.B25-216 

Bulb Terminals: 

Caps (Three) . . .Recessed Small Ball (JEDEC No.Jl-22) 
Operating Position   Any 
Weight  5-1/4 lbs 

Maximum and Minimum Ratings, Absolute-Maximum Values: 
All voltages are shown with respect to the cathode 
o/' the viewing gun unless otherwise specified. 

Screen Voltage: 
Peak  
DC 

DC Backplate Voltage  
Collector (Viewing-Grid-No.4) 

Voltage b 

Collimator (Viewing-Grid-No.3) 
Voltageb 

Viewing-Grid-No.2, Writing-
Grid-No.4, and Writing-Grid-
No.2 Voltageb` 

Viewing-Grid-No.l Voltageb .  
Viewing-Gun Heater-To-Cathode 

Voltage 

Min. Max. 

- 11500 volts 
0 11000 volts 
0 35 volts 

0 300 volts 

0 300 volts 

0 200 volts 
-150 0 volts 

-125 125 volts 

Magnetic Shield Voltage 
Writing-Grid-No.4, Writing-

Grid-No.2-To-Any Deflecting 
Electrode Voltage (Each Gun)c

Writing-Grid-No.3 Voltage 
(Each Gun)d 

Writing-Grid-No.l Voltage 
(Each Gun)d 

Writing-Gun Cathode Voltage 
(Each Gun)  

Writing-Gun Heater-To-Cathode 
Voltage (Each Gun) 

Series Current-Limiting Re-
sistor (Unbypassed) in 
Screen Circuit  

Series Current-Limiting Re-
sistor (Unbypassed) in 
Viewing-Grid-No.4 Circuit. . 

-200 200 volts 

-500 500 volts 

0 2000 volts 

-200 (e) volts 

-2800 0 

-125 125 

1 

0.005 

volt s 

volts 

- megohm 

- megohm 

Recommended Operating Values: 
All voltages are shown with respect to the cathode 
of the viewing gun unless otherwise specified. 

Screen Voltage  10000 volts 
Backplate Voltagef   2 volts 
Collector (Viewing-Grid-No.4) 

Voltage  265 volts 
Collimator (Viewing-Grid-No.3) 

Voltageg  50 to 125 volts 
Viewing-Grid-No.2 Voltageb 100 volts 
Viewing-Grid-No.l Voltageg -50 to 0 volts 

Writing-Grid-No.3 Voltage 
(Each Gun)h  -2325 to -1975 

Writing-Grid-No.l Voltage 
(Each Gunl   (ej) volts 

Writing-Gun Cathode Voltage . -2400 volts 

Magnetic Shield Voltage  0 volts 

Average Deflecting Plate 
Voltage k  100 volts 

Circuit Values: 
Grid-No.l Circuit Resistance 

(Either Gun)  1 max. megohm 
Impedance in Any Deflecting 

Electrode Circuit'"  0.01 max. megohm 
Backplate-Circuit Resistance 0.005 max. megohm 

Series Current-Limiting Re-
sistor (Unbypassed) in 
Screen Circuit   1 megohm 

Series Current-Limiting Re-
sistor (Unbypassed) in 
Collector (Viewing-Grid-
No.4) Circuit   0.010 megohm 

Characteristics: 

Min. 
Useful Viewing Diameter 4 
Brightness (Luminance)" -
Viewing Durationp  15 
Erase Time4   - 28 
Reaolutionr ~  70 
Undeflected Spot 

Position  
Deflection Factors: 

DJ1 &DJ2   82 - 100 volts/inch 
DJ3 &DJ4   82 100 volts/inch 

Typ. 

2500 

Max. 
- inches 

— footlamberts 
- seconds 
- milliseconds 
- lines/in. 

(s) millimeters 

~~ 

~~ 

volts ~~. 

~..✓ 

e✓ 
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 7268A 

Performance Data: 

Writing Ability and Writing Uniformity charac-
teristics are measured singly for both guns. A 3.5" 
x 3.5" raster is centered on the tube face. Vertical 
scanning is accomplished by an interrupted linear 
sawtooth waveform having a scan time of 625 micro- 
seconds and a prf of 500 pps. Horizontal scanning is 
provided by a triangular waveform having a scan rate 
of 3.5 inches per second. 

Writing Ability. The writing-gun grid No.l of the 
gun under test is driven above cutoff during the 
vertical scan time by white noise, of approxi-
mately 5 megacycle bandwidth, having a zero- 
to-peak amplitude of approximately 35 volts. 
The display brightness under these conditions 
shall be at least 20% of saturated brightness. 

Writing Uniformity. This characteristic is deter-
mined under the same conditions as specified 
above except that the rms amplitude of the white 
noise is adjusted to produce brightness of 40% 
of saturated brightness at the dimmest area in 
the display. The measured brightness at the 
brightest area of the display shall be not more 
than 80% of saturated brightness. 

Environmental Tests: 

The 7268A is designed to withstand the 
following operational and non-operational environ-
mental tests. 

Operational Tests: 

Sinusoidal Vibration. This test consists 
of tube vibration in each of three ortho- 
gonal axes. One of these axes is in the 
plane passing through the major axis of 
the tube and the center of the tube-base 
key. The tube is mounted so that its 
major axis is parallel to the plane of the 
earth. A total of 6 cycles of swept 

Double 
Amplitude 

inches 

Peak 
Acceleration 

g's 

Sweep 
Frequency 

c/s 

Sweep Cycle 
Duration 
minutes 

0.27 - 10 to 20 

- 4 20 to 46 

- 2 46 to 500 15 

- 2 500 to 46 

- 4 46 to 20 

0.27 - 20 to 10 

sinusoidal vibration, from 10 to 500 and 
back to 10 cycles per second, is per-
formed. The duration of a sweep cycle is 
15 minutes. The frequencies of any reso- 
nant points are noted. The sinusoidal 
vibration schedule is shown below. 

Vibration at Resonance. This test con-
sists of tube vibration at the resonant 
point or points determined in Sinusoidal 
Vibration for a period of 30 minutes. If 
more than one resonant point is noted for 
a given axis, the tube is vibrated for a 
total of 30 minutes at that resonant point 
in each axis most likely to produce tube 
failure. If no resonant points are deter-
mined in Sinusoidal Vibration, the tube 
is vibrated for 60 minutes at a frequency 
of 55 cycles per second. 

Low Pressure -High Temperature. This 
test consists of tube storage for a period 
of not less than one hour at a temperature 
of +100° C. At the termination of this 
storage period, the tube is operated with 
the values shown under Recommended 
Operating Values applied and at a pres-
sure equivalent to an altitude of 32,000 
feet. The temperature is then reduced to 
+53°  C. The tube is stored at this tem-
perature for 1 hour and then is operated 
with normal voltages applied at a pres-
sure equivalent to an altitude of 60,000 
feet. 

Low Temperature. This test consists of 
the tube being maintained at a tempera-
ture of -65° C for 48 hours. At the end of 
this period and while the tube is still at 
-65°  C, the tube is operated with recom-
mended voltages applied for 15 minutes. 

Non-Operational Tests: 

Temperature Cycling. This test consists 
of tube storage for a period of not less 
than 2 hours at a temperature of -65°  C 
followed within 5 minutes by storage for 
a period of 2 hours at a temperature of 
+100°  C. A minimum of five consecutive 
cycles are performed. 

High Pressure. This test consists of 
tube exposure to an absolute pressure of 
45 pounds per square inch for a period of 
at least 60 seconds. This pressure shall 
be attained within 60 seconds. 
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Torque. This test consists of the appli-
cation of a torque of 40 inch-pounds 
between the integral magnetic shield and 
the tube base. 

Solt Spray. This test consists of tube 
exposure to a fine spray from a salt solu-
tionfor aperiod of 48 hours. The ambient 
temperature is maintained at approxi-
mately 35° C. 

°The maximum ratings in the tabulated data are estab-
lished in accordance with the following definition of the 
Absolute-Maximum Rating System for rating electron 
devices. 

Absolute-Maximum ratings are limiting values of operating 
and environmental conditions applicable to any electron 
device of a specified type as defined by its published 
data, and should not be exceeded under the worst probable 
conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no respon-
sibility for equipment variations, environment variations, 
and the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that initially 

and throughout life no Absolute-Maximum value for the 

intended service is exceeded with any device under the 

worst probable operating conditions with respect to supply 
voltage variation, equipment component variation, equipment 
control adjustment, load variation, signal vaziation, envi-
ronmental conditions, and variations in device chazacteris-
tica. 

bThese voltages should never be adjusted to values which 

will permit the display of asharply-defined circular area 

of brightness having a diameter of less than 3.5 inches. 

See Operating Procedure for the proper set-up to follow. 

Grids No.4 and No.2 of writing gun and the grid No.2 of 
viewing gun are connected within the tube. 

dVoltages are shown with respect to cathode of writing gun. 

eThe writing-gun grid No.l should never be more positive 

than necessary to write the display to saturated brightness 
for a given scanning and drive condition. In no case 

should the writing-gun grid-No.l voltage have a value 

greater than zero with respect to the writing-gun cathode. 

f The backplate should be maintained at 2 volts between 

erasing pulses when dynamic erasure is employed. 

9Adjusted for brightest, most uniform, full-size pattern. 

hAdjusted for the smallest, moat circular spot. 

~ The bias-voltage value for writing-beam cutoff is between 

-60 and -100 volts with respect to writing-gun cathode. 

kWith respect to the viewing-gun cathode for each pair of 
deflecting electrodes. 

'"Recommended value for minimum distortion because of 
viewing beam collection by the deflecting plates. Where 
strict display accuracy and display uniformity are not 

required, the impedance value for any deflecting-electrode 
circuit may be as high as 0.1 megohm maximum. For opti-

mum performance, it is recommended that the deflecting-

electrode-circuit impedances be approximately equal. 

^Brightness (Luminance) is measured after the entire dis-
play is written to saturated brightness, the writing gun has 
been turned off, and with no erasing pulse applied. 

PThe time required for any 0.5-inch diameter area of the 

4"-diameter viewing area to rise spontaneously (with no 

writing or erasing) from zero brightness (viewing-beam 

visual cutoff) to 10% of saturated brightness. 

4With the display at saturated brightness, a series of rec-
tangular pulses 5 milliseconds in width and at a repetition 
frequency of 2 ppa is applied to the backplate. The number 

of pulses required to just erase completely the center of 

the display is noted. This number is multiplied by 5 milli-
seconds to obtain the erase time. The amplitude of the 

erase pulses is adjusted to obtain the minimum erase time. 

Measured by the "shrinking° raster method under conditions 

of continuous writing and erasing with erase pulses of 60 

µsec width and a repetition frequency of 300 ppa. The am-

plitude of the erase pulses is adjusted to provide 3.5-sec-

ond erasure and grid No.l is adjusted to provide 1000 foot-

lamberts brightness of the just "shrunken" raster. 

SThe undeflected spot position must fall within a square 

having a 15 millimeter side (maximum) centered on the tube 

face and parallel to a trace produced by one set of deflect-

ing plates. 

OPERATING PROCEDURE 

The following steps should be followed when the 
7268A is first placed in operation. Refer to the pre-
cautions shown under Operating Considerations in the 
publication 10E-277 "RCA Display-Storage Tubes". 
Note that all electrode voltages are referred to the 
cathode of the viewing gun unless otherwise specified. 

1. Viewing Gun—Apply power to the heater of the 
viewing gun and allow 60 seconds for the cathode to 
reach normal operating temperature. Next apply the 
following voltages to the viewing-gun electrodes: 
zero volts to the viewing-gun cathode, zero volts to 
the viewing-gun grid No.l, +100 volts to the viewing-
gun grid No.2, +125 volts to the collimator, +265 volts 
to the collector, +2 volts to the backplate, and +10,000 
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volts to the screen. Except for the application of 
screen voltage, which may be increased, at the user's 
option, from 0 volts to 10,000 volts slowly, all of the 
above voltage values should be applied to the tube 
simultaneously and without first passing through inter-
mediate voltage values. Next apply dynamic erasing 
pulses to the backplate. Adjust the viewing-gun grid-
No.l voltage to a value midway between zero volts 
and that voltage at which the viewing diameter begins 
to decrease. Reduce the collimator voltage until the 
viewing diameter starts to decrease, and then increase 
the collimator voltage by 10 volts. The storage prop-
erty of the tube can be observed by setting the ampli-
tude of the dynamic erasing pulses at +12 volts for 
several seconds and by then reducing it to zero volts. 
As the erasing pulse amplitude is reduced the screen 
should go dark. The 7268A is now storing an overall 
"black picture" and stays in this condition until the 
screen begins to brighten as a result of the storage 
grid being gradually discharged by positive ions land-
ing on it. 

2. Writing Gun—Apply power to the heater of the 
writing gun and allow 60 seconds for the cathode to 
reach normal operating temperature. Then, with refer-
ence to the typical operating values shown in the tabu-
lated data under Recommended Operating Values, set 
the grid-No.l voltage to cutoff, and apply do voltages 
to the electrodes of the writing gun. With the screen 
made dark by the charging method described under 
(1), the grid-No.l bias is reduced until the writing 
beam is seen as a spot on the screen. If the beam is 
caused to move, either by centering adjustment or by 
application of deflection voltage, it should leave a 
bright trace. After an area has been written to full 
brightness, the writing-beam spot may be seen as a 
slightly brighter spot on the bright background. Writ-
ing-beam focus can then be optimized by adjusting 
the grid-No.3 voltage. 

3. Final Display Adjustments The do bias and the 
video-signal amplitude applied to grid No.l or cathode 
of the writing gun should be adjusted to set the black 
level and the highlight level in the display. These 
adjustments depend on the scanning rate used. Reso- 
lution decreases with increasing writing-gun beam 
current. Excessive writing-gun beam current will pro- 
duce screen saturation and any further beam-current 
increase will not produce additional highlight bright-
ness and may also decrease half-tone rendition. It is 
recommended that the writing-beam current always be 
adjusted to a minimum value to produce the best dis-
play without saturation of highlight brightness. The 
dynamic erasing-pulse amplitude and duty cycle should 
be adjusted in accordance with the information con-
tained in 10E-277. The collimator voltage should be 
adjusted for optimum display uniformity. If the colli-
mator voltage is too high, the center area of the dis-
play will tend to erase slowly. If the collimator volt-
age is too low, the edges of the display will tend to 
erase slowly. 

The following operating precautions must be 
followed to protect the 7268A from inadvertent dam-
age-

1. Do not exceed maximum ratings. 
2. Be sure to iIlclude the screen resistor. 
3. Be sure to include the collector resistor. 
4. Do not apply excessive writing-beam current 

density. 
5. Protect against scanning failure. 
6. Protect against loss of bias. 
7. Apply voltages to tube in correct order. 
8. Never write unless viewing beam is on. 
9. Stay within recommended viewing-grid voltage 

ranges. 
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3,42 ±.03 
DIA. 

MOUNTING AREA 
NOTE I 

BASE 
JEDEC No. 825-216 

DIMENSIONAL OUTLINE 

w 5.25±.03 DIA. 

COLLECTOR 
TERMINAL 
JEDEC No. 

JI-22 

\ 5 MIN. 
~, ,x.063 MAX. 

6.69 
MAX. 

~—MINIMUM USEFUL
SCREEN DIAMETER 

4.0 

DJq DJ~ OJ4

__ 
OJI~+TTpJ2 

D/ I/I ~ \I\ ~~ 

/ /~ D~\ \ 

~`~~/~ 

~ .50 MAX ~ 38 
I MAX. 

58°~±3^ a-~ ±3° 58°
±3° ~ ~ ±3°

~ ~ .97 MIN. 
1.38 MAX. 

+.000 
—.120 

BACKPLATE-
TERMINAL 
JEDEC No. 

JI-22 

iiiyi~y~i~~ii 
~L V J 

~~ 

2.3 
MIN. ~ ~ . Vii, 
 ~~IrI 

REAS ~ 

MAX. 
DIA. ENCAPSULATED 

SCREEN 
CONNECTOR 
20±.3 LONG 
NOTE 2 

~y~/ 2T 
~ MIN. 

i 

I- 1.25 
MIN. 

HORIZONTAL 
TRACE 

FACEPLATE 

.97 MIN. 
2.78 MAX. 

2.25 
MAX. 

MOUNTING A 
NOTE I 

3.48 

COLLIMATOR 
TERMINAL 
JEDEC No. 

JI-22 

11 1 1 I 1 11 

II ~~ 11 

12.58 
±.06 

15.75 
±.25 

92CM-12334 

Dimensions in Inches 

NOTE 1: The indicated areas are recommended for 
mounting purposes. 

NOTE 2: Amp Part No. Amp 832 692-0; manufactured 
by Aircraft Marine Products, Inc., Harrisburg, Pa., or 
equivalent. 
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Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

SCREEN 
CONNECTOR 

DJlyyl

COLLIMATOR 
Gay 

OJ2yyl

DJ3Nr

DJ4W1 

G2y 
G2M'1,2 
G4yyl,2 

BASING DIAGRAM 

Bottom View 

NC DJ2yy2

1: Deflecting Electrode DJ2 of Writing Gun No.2 

2: Deflecting Electrode DJ1 of Writing Gun No.2 

3: Deflecting Electrode DJ3 of Writing Gun No.2 

4: Deflecting Electrode DJ4 of Writing Gun No.2 

5: Integral Magnetic Shield 

6: Grid No.l of Viewing Gun 

7: Cathode of Viewing Gun 

8: Heater of Viewing Gun 

9: Heater of Viewing Gun 

Pin 10: Grid No.2 of Viewing Gun, Grid No.2 and Grid 
No.4 of Writing Guns No.l and No.2 

Pin 11: Deflecting Electrode DJ4 of Writing Gun No.l 

Pin 12: Deflecting Electrode DJ3 of Writing Gun No.l 

Pin 13: Deflecting Electrode DJ2 of Writing Gun No.l 

Pin 14: Deflecting Electrode DJi of Writing Gun No.l 

Pin 15: NC — No Internal Connection 

Pin 16: Heater of Writing Gun No.2 

COLLECTOR Goy 
DJIyy2

DJ3yy2

Gly 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

aACKPLATE 

DJ4 

MAGNETIC 
SHIELD 

17: Grid No.l of Writing Gun No.2 

18: Heater of Writing Gun No.2 

19: Grid No.3 of Writing Gun No.2 

20: Cathode of Writing Gun No.2 

21: Heater of Writing Gun No.l 

22: Grid No.l of Writing Gun No.l 

23: Heater of Writing Gun No.l 

24: Grid No.3 of Writing Gun No.l 

25: Cathode of Writing Gun No.l 

Flexible Lead: Screen (Encapsulated) 

Recessed Small Ball Caps: 

Over Pin No.3 
Collimator (Viewing Grid No.3) 

Ouer Pin No.13 
Collector (Viewing Grid No.4) 

Over Pin No.14 
Backplate 
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BASE DRAWING 

25-PtN BASE 
JEDEC No.825-216 

25 PINS 
.0931.002 

2.800 

.372 
~ .388 

.765 I~

T" 
1.360 

.110 
M~X. 

i  ~ 3.130 
MAX. MAX. 

.13~ 

MAX. 

N-2.282 ,775 
MAX. 
~ r 

92CS-12113 

Dimensions in Inches 

e Add 0.030" for solder. 
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DISPLAY-STORAGE TUBES 
Direct-View Types 

Information shown on these pages is to be used in 
conjunction with RCA display—storage tube data. 

RCA display—storage tubes of the direct—view 
type are used in appl ications that require a 
bright, non—fl ickering display of stored informa—
tion containing half—tones for relatively long 
periods of time. They provide continuous displays 
having high contrast under conditions of high 
ambient l ight for many seconds after writing has 
ceased and integrate repetitive signals so that 
information can be distinguished from random 
noise. Typical appl ications using display—storage 
tubes include the fol lowing: 

RADAR—Ground, Airborne, and Marine 

F i re cont ro I 
Search 
Weather 

Ground Mapping 

Proximity Warning 

Navigation 

OTHER INFORMATION DISPLAYS 

Electronic Reconnaissance and Counter—
measures 

Compressed Bandwidth Video Systems 
Osci l lograph Displays of Non—recurrent 
Transients 

Sonar 

The voltage and other values used in this 
publ ication do not apply to any pa rticulardisplay—
storage tube type. Although these values may be 
typical, they are intended only to explain the 
principles of operation of the device. Refer to 
the data contained in the technical bul letin for 
a given tube typeforspecific ratings, operating 
values, and performance and characteristic values. 

PRINCIPLES OF OPERATION 

A schematic arrangement of atypical display—
storage tube is shown in Fig. 1. The viewing 

electron gun produces a low—velocity, unfocused 
electron beam that continuously floods thetarget 
electrodes. The target electrodes consist of a 
phosphorscreen(usual ly aluminized) on the inside 
surface of the faceplate, abackplate mesh covered 
with a thin layer of insulating material which 
serves as ,t he storage grid, and a col lector grid. 

The writing gun (or guns) produces a wel l—
defined high—velocity beam that is deflected, 
focused, and intensity modulated in the same 
manner as the beam of a cathode—ray tube. 

The writing beam establ ishes a potential 
distribution on the storage grid which controls 
the viewing—beam current reaching the phosphor 

Trademarks) ® Registered 
Marcos) Registrada(s) 

screen in the same manner as the grid voltage of 
a triode receiving tube controls its plate cur—
rent, i.e., when the storage grid is establ ished 
at negative voltages with respect to the viewing—
gun cathode it can l imit or cut off the viewing—
beam current. 

The tube may also contain a selective erasing 
gun which produces a low—velocity, focused beam 
that permits selective erasure of some areas of 
stored information on the storage grid without 
disturbing other areas. 

GRID No.3 
COLLIMATORGRID GRID No.2 VIEWING GUN 

GRID No.l 

COLLECTOR GRID 

STORAGE GRID 

BACKPLATE 

CATHODE —' 

WRITING GUN 

PHOSPHOR SCREEN 

Fig.i — Schematic Arrangement 
of a Display—Storage Tube. 

The operation of the display—storage tube 
may be descri-bed by separating it functional ly 
into viewing, writing, and erasing operations. 

The Viewing Operation 

In addition to the viewing gun and the target 
elements, the viewing section contains additional 
electrodes forthe col l imation of the viewing beam. 

The cathode, grid No. 1, and grid No.2 of the 
viewing gun produce a high—density, low—velocity 
stream of electrons that is typical ly col l imated 
(made paral lel ) and control led in size by adjust—
ment of grid—No. I, grid—No.3, and col I imator—grid 
voltages. This col l imated stream of electrons 
continuously floods the col lector grid and the 
storage grid. Col l imation is required so that 
the electrons, after passing throughthe col lector 
grid, wi l l approach al l points on the storage 
grid in paths normal (perpendicular) to its sur—
face. This normal approach of electrons having 
u n i fo rm velocity makes poss i b l e t he uniform cont ro l 
of the electrons at every point on the storage grid. 

ELECTROIJ TUBE DIVISION 
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Grid No.3 may be a conductive coating on the 
bulb-wal l interior as shown in Fig. 1. This figure 
also shows the location of the col l imator grid 
which is oftenametal cyl inderthat is mechanical ly 
supported by the target electrodes. 

The col lector grid is a fine metal mesh. It 
col lects secondary electrons emitted from the 
storage grid during writing, and viewing-beam 
electrons turned back from the storage grid when 
the storage grid's potential is sufficiently 
negative. Also, because the col lector grid is 

the most positive element thus far seen by the 
electron beams, it repels positive ions (produced 

by col l ision of electrons with residual gas 
molecules) and prevents ions in the region between 
the guns and the col lector grid from landing on 
the storage grid and thusalteringastored charge 
pattern. 

The storage grid consists of a very thin layer 
of material, having appropriate insulating and 
secondary-emission characteristics, that is 

deposited on the backplate, which is a fine 
metal l ic mesh. The deposit is on the gun side 

of the mesh, and leaves the size of the mesh 
openings essential ly unchanged. In effect, the 
storage grid consists of a multipl icity of inde-
pendent storage elements, each a capacitor. The 
thin layer of material of thestorage grid serves 
as the dielectric, and its two surfaces serve as 
plates. One surface is in electrical contact 
with the backplate and the other surface faces 
the electron beams. The potential resulting from 
the charge stored in these individual capacitors 
determines the amount of viewing-beam current 
which reaches the corresponding areas of the 
phosphor screen, and therefore, controls the 
brightness of the display. 

The backplate is ordinari ly operated at a 
low positive potential (typical ly +2 volts) with 
respect to the viewing-gun cathode which is at 
ground potential. Assume the storage grid has 
the same potential as the backplate when the 
viewing section is initial ly placed inoperation. 
The storage grid has this potential because the 
elemental capacitors are assumed to be disc harged, 
i.e., there is no previously establ ished charge 
pattern. Viewing-beam electrons passing through 
the col lector grid are decelerated as they approach 
the storage grid, and because this grid is assumed 
initial ly to be +2 volts, it fol lows that they 
wi l l land on its surface. Because of their low 
velocity, these electrons produce a secondary-
emi ss i on ratio of I ess than unity and a net negative 
charge is deposited on the storage grid. As the 
negative charge bui lds upon the elemental capaci-
tors, the potential of the storage grid drops. 
This process continues unti l the storage grid 
reaches an equi l ibrium value at viewing-gun 
cathode potential. 

Under these conditions, a majority of the 
viewing-beam electrons passing through the col-
lector grid are funneled through thestorage-grid 

mesh openings to the phosphor screen and cause 
it to fluoresce over its entire area. In this 
condition, the brightness of the screen is desig-
nated as "saturated brightness". 

Light output from the screen at saturated 
brightness varies with the voltage appl ied to 
the screen. As shown in Fig. 2, the l ight output 
rises rapidly at screen voltages above athreshold 
of about 5000 volts for a display-storage tube 
having an aluminized screen. A display of high 
brightness is possible because each spot on the 
phosphor screen is continuously excited by the 
high-current viewing beam rather than intermit-
tently excited as in conventional cathode-ray 
tubes. A high-current flooding-type viewing 

3000 
N 

w 
~ 2500 

~' tiI ~I I 
J +l 

0 
0 

2000 ~'. n 
~~H 

N 
z J 
~ 1500 
m ~.. I 
z w ~, I 
~ 1000 d ~i

~~ 
N 71 

4 
~a 500 

N 
of r.. 1 

4 5 6 7 
SCREEN KILOVOLTS 

e 

~~ 

t7 

s 

92CS-I 1894 
Fig.a - Typical Brightness Characteristic 

of a Dis}Slay-Storage Tube Raving 
an Aluminized Screen. 

to 

beam can be used because the display function 
(viewing) is separated from the information input 
function (writing) and consequently, external 
focusing, deflection, and modulation of the 
viewing beam are not required. 

Assume that the entire storage grid has been 
uniformly charged to viewing-gun cathode (ground) 
potential and that the backplate is at +2 volts. 
The display is now at saturated brightness. The 
viewing beam may be cut off from the phosphor 
screen by making the storage grid sufficiently 
negative with respect to the viewing-gun cathode. 
This may be accompl ished by shifting the backplate 
from its normal potential of +2 volts to a more 
positive potential, for example, +B volts. Because 
of the capacitive coupl ing between the backplate 
and the storage grid, the storage grid rises an 
equal amount positive from its initial ground 
potential of zero volts to a potential of +6 volts. 
Viewing-beam electrons are now able to land on 
the storage grid and charge it in a negative 
direction. Chargingcontinues unti l the storage-
grid potential is reestabl ished at zero volts, 
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whi le the backplate remains at +8 volts. Now, 

if the backplate potential is returned to its 

initial value of +2 volts, the storage-grid 
potential drops correspondingly to -6 volts, 

a voltage sufficient to assure cutoff. Electrons 

in the viewing beam are now turned back as they 

approach the storage grid and return to the col-
lector. The phosphor screen is dark. 

At values of storage-grid potential between 
those which produce viewing-beam cutoff and those 
which produce saturated brightness, the amount 

of viewing-beam current which penetrates the 

storage-grid openings, and hence the amount of 

l ight emitted by the screen, is a function of 

storage-grid potential. This effect is shown in 
Fig.3foratypical displaystoragetube. Forback-
plate voltages more positive than those assumed i n 

Fig.3, this storage-grid characteristic tends to 
shift to the left. For phosphor-screen or col-

lector-grid voltages less positive than those 
assumed in Fig. 3, the characteristic tends to 
shift to the right and to exhibit more slope. 

V/EW/NG SECT/ON 
SCREEN VOLTS*  = 10 000 
BACKPLATE VOLTS* _ +2 
COLLECTOR GRID VOLTS*= 150 
*REFERRED TO CATHODE OF VIEWING GUN. 

WR/T/NG SECT/ON 
NORMAL OPERATION. 
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Fig.3 - Typical Storage-Grid Characteristic 
of a Display-Storage Tube. 

The Writing Operation 

The writing gun of the display-storage tube 

is simi lar to that of a cathode-ray tube. Its 

beam may be focused, deflected, and modulated in 

the same manner as the beam in acathode-ray tube. 

It is used to write information on the storage 

grid, and contributes l ittle to the total l ight 

output from the tube. 

The cathode of the writing gun is general ly 

operated at a high negative potential (typical ly 

-2000 volts) with respect to the viewing-gun 

cathode. 

The writing-beam e I ect rons I and on the storage 
grid with such a velocity that its secondary-

electron emission ratio is greater than unity. 

Thus, more electrons leave the storage grid than 

arrive, and elements of the storage grid assume 

a more positive charge wherever the writing beam 
strikes. Because the secondary electrons are 
attracted to the col lector, the writing beam 

tends to charge the storage grid to the potential 

of the col lector. However, the maximum potential 

to which an element of the storage grid rises 
is l imited in normal operation by viewing-beam 
landing to a potential just sl ightly more positive 
than that of the viewing-gun cathode. 

By control l ing the intensity of the writing-
beam current, it is possible to control the amount 
of positive charge deposited on any storage 
element. Consequently, a storage element can be 
establ ished in astable condition at any potential 

intermediate between the storage-grid cutoff 

voltage and approximately zero voltage. These 
potentials, in turn, control the transmission of 

the viewing-beam current to the screen, as shown 
in Fig. 3, and produce a half-tone display. 

Because the useful'range of storage-grid 
potentials is entirely negative with respect to 
the viewing-gun cathode, the process of viewing 
does not in itself cause any deterioration of 

the stored information. Viewing duration is 
ultimately l imited by the landing of positive ions 
produced in the region of the target on the 
storage grid, or by a contro{ led erasure rate 
when dynamic erasure is employed. 

The great multipl icity of elements of the 
storagegridmakes possible thestorageanddisplay 
of half-tone patterns of high resolution. At a 
display brightness of 50 per cent of saturated 
brightness, a typical resolution of 50 l ines per 
inch is measured by the"shrinking raster" method. 
Display-storage tubes designed for high resolution 
show as much as 1 10 l ines per inch. 

The Erasing Operation 

Static Erasure. The negative charging of the 
storage grid when bombarded by the low-velocity 
viewing beam provides a mechanism by which an 
undesired charge pattern on the storage grid can 
be erased. A multipl icity of potentials is 
establ ished on the storage grid by the modulated 
beam of the writing gun. Now, increasing the 
backplate voltage from +2 volts to +8 volts 

raises the potential of the individual elements 

of the storage grid to a potential between +6 

volts—for an element which has been written to 
saturation—to zero volts for another element 
which was unwritten. The screen is now nearly 
uniformly i l luminated at a level equal to, or 
sl ightly greater than, the saturated- brightness. 
The low-velocity viewing beam lands on al l areas 
which are at any positive potential, and brings 
them al l to equi l ibrium at zero volts. Returning 
the backplate voltage to its original value of 
+2 volts drops the potential of the entire storage 
grid to a uniform -6 volts, which is the erased 

or cutoff condition. This technique is known 

as static erasure. 
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Using this technique, information written at 

any time remains at the written brightness level. 

The display at any moment comprises an integrated 
sum of al l information written since the last 
erasure but does not permit the distinction of 
the time at which the information was written. 
During the erasing cycle the display conveys no 
information. After erasure, no information wi l l 

be displayed unti l a new pattern is written. 

The duration of a display may be extended 

to two minutes or more if half-tones are not 
involved in the display and if the signals to be 

written are above a minimum threshold value. 
The increased duration is achieved by use of an 

erasing voltar having an ampl itude several volts 
higher than tfin; requi red for complete erasure 
which produces an erased condition cal led "blacker 
than black". Sucha voltagecharges the unwritten 

storage elements more negative than the cutoff 

voltage and consequently increases the time 
necessary for ion landing to cause a visible 

bui ld-up of background brightness. If true 
half-tone displays are required the ampl itude 

of the erasing voltage should be adjusted to 

that value which brings the storage grid to just 

cutoff potential. 

Dynamic Erasure. In many appl ications it is 
desired that writing be fol lowed by a gradual 
decay of stored information. A gradual decay 

permits discrimination of the time at which the 
information was written. This performance is 

obtained by applying a continuous series of 
rectangular positive pulses to the backplate 
at a rate wel l above the fl icker frequency of 

the human eye. Because the rate of the erasing 

pulses is above the fl icker frequency of the eye, 
stored information wi l l appear to an observer 
to be continuously displayed. A satisfactory 
pulse-repetition frequency is 200 cps. The 
technique of erasing by applying a series of 
pulses to the backplate is known as dynamic erasure. 

The rate of decay of stored information. 

depends on the width of the pulse and its repeti-
tion frequency. In contrast to the saturation 

brightness condition which occurs during static 

erasure, dynamic erasure gives the appearance of 
a low level of background brightness resulting 
from the erasing pulses. The rate of decay of 
stored information and the apparent background 
brightness caused by the pulses is proportional 
to the pr 'uct of their width and repetition rate. 

Brightness-decay characterist ics for a typical 
display-storage tube dynamical ly erased are shown 
in Fig. 4. Under the assumed erasing conditions 
shown in Fig. 4, the display can be erased by a 
single 6-volt rectangular pulse of approximately 
24 mi I I iseconds duration, or by aseries of 6-volt 
pulses having atotal duration of 24 mi l l iseconds. 
Erasing pulses whose ampl itudes are smal ler than 
the magnitude of the viewing-beam cutoff voltage 
do not permit complete erasure. On the other 
hand, erasing pulses whose ampl itude is greater 

than the magnitude of the viewing-beam cutoff 

voltage eventual ly drive the storage grid beyond 
cutoff, i.e., to a value "blacker than black". 

Whi le this may appear to give faster erasure, 
it wi l l result in the loss of smal l signals. 
Therefore, the erasing-pulse ampl itude should 
not be used to adjust the erasing speed. 

ERAS/NG CONDITIONS 
PULSE SHAPE RECTANGULAR 
PULSE DURAT ON ~ 10 µ SEC 
PULSE-REPETITION FREQUENCY 200 PPS 
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Fig.q - Tyyical Erasing Characteristics 
of a Display-Storage Tube. 

In some appl ications the saturated brightness 
condition of static erasure or the low level of 
background brightness during dynamic erasure may 
be objectionable. These conditions can be el imi- ~/' 
Hated by reducing theappl ied screen voltage during 
that portion of the erasure cycle when the back-

plate is raised to a value more positive than 
its normal operating voltage. 

OPERATING CONSIDERATIONS 

The precautions which must be observed to 
obtain rel iable service fromdisplay-storage tubes 
are considerably more numerous than those to be 
observed for the more fami l iar osci l lograph-type 
cathode-ray tube. If these precautions are ob-
served, these devices may be operated with a high 
degree of confidence in obtaining rel iable and 
trouble-free service throughout the warranty 
period and beyond. 

This section contains information which, when 
used along with the maximum ratings establ ished 
for the individual tube type wi l l prevent the 
occurence of electrical situations which may 
result in permanent storage-tube damage. Only 
items likely to result in permanently damaged 
tubes are listed below. Items affecting only 
the quality of tube performance have been purposely 
omitted. It is highly recommended that safe-
guards to protect against the situations described 
below be designed into the equipment to prevent 
inadvertent display-storage tube damage. 

Maximum Ratings. Fai lure to stay within the 
absolute-maximum ratings of the tube as shown 

~~ 
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in the technical bul letins wi l l result in 
impai red tube I ife or immediate tubedestruction. 
For this reason, it is advisable to design 

voltage controls in such a manner that it is 

impossible to apply to the tube a voltage 
exceeding its maximum rating. Often, excessive 

voltages result from open and short circuits 
in power—supply circuits, or from an open 
electrode—terminal connection. In the latter 
case, the corresponding tube electrode can 
float to uncontrol led potentials. 

Screen—Circuit Impedance. An adequately rated 

one—megohm (minimum) resistor must be in series 

with the screen—terminal lead. Capacitance to 

ground (or elsewhere! from the section of the 

lead between the resistor and the screenterminal 

must be very low. Forthis reason, this section 

of the lead must be unshielded, must be no more 

than about one foot long, and must have no 

capacitors connected to it. The resistor should 

be rated at 2 watts and an end—to—end voltage 

of 7500 volts. 

Fai lure to include this 

invariably results in tube 

usual ly consists of an open 

resistor 

damage. 

internal 

almost 

Damage 

screen 
connection caused by excessive screen current. 

When attempts are made to operate such tubes, 

no l ight is observed coming from the phosphor 

screen. Mechanical damage to the phosphor 

screen can often be observed in non-operating 

tubes. 

Col lector-Circuit Impedance. A lo,000 ohm 
(minimum) resistor must be in series with the 

lead to the col lector terminal. Capacitance 

to ground (or elsewhere) from the section of 

the lead between the resistor and the col lector 

terminal must be very low. For this reason, 

this section of the l ine must be unshielded, 

must be no more than about 3 feet long, and 

must have no capacitors connected to it. The 

resistor, to be protected in the event of a 

col lector short circuit, should be rated for 

service at 10 watts and 500 volts. 

Fai lure to include this resistor occasion—

al ly results inpermanent damage to the storage 

surface due to excessive col lector current. 

This damage is local in extent and appears in 

the display as smal l permanent bright spots. 

However, not al l bright spots are caused by 

omission of this resistor. 

Excessive Writing-Beam Current Density. Tne 

writing—beam current density of any area of 

the storage grid should be no more than is 

necessary to write that area to saturated 

brightness during one scan of the writing beam. 

Excessive writing—beam current density can 

permanently damage the storage surface. 

Such damage ordinari ly is local in extent 

and appears as permanent l ight or dark areas 

or spots in the display, coincident with areas 

struck by the excessive writing beam. In 

severe cases, mechanical damage to the phosphor 

screen can be observed on the face of the non—

operating tube. 

Under ordinary operating conditions, suffi—

cient latitude exists in the maximum ratings 

so that asmal l degree of excessive writing—beam 

current density does not cause damage, unless 
prolonged for several hours. Nevertheless, 

it is strongly recommended that writing—beam 
current never be greater than that required 
for a given appl ication. 

During the operation of display—storage 
tubes, certain situations may arise that can 
quickly cause excessive writing—beam current 

density and consequent damage. These situations 
and safeguards against them are desc ri bed be I ow. 

Failure of Scanning. Fai lure of scanning 
whi le the writing beam is turned on results 
in excessive writing—beam current density 
which often results in local ized permanent 
storage—grid damage. Provision should be 
made to cut off the writing—beam current 
automatical ly in case of a scanning fai lure. 

The writing—beam current can be cut off by 
an electronic switch which appl ies —200 volts 

bias to grid No. l of the writing gun. This 
switch should be actuated by a portion of the 
scanning voltages appl ied to both sets of 
deflecting electrodes. 

Loss o.f Bias. Loss of writing—gun control —
grid bias, or loss of blanking, which causes 
the writing—gun control grid to be at or near 

zero bias, wi l l result in excessive writing—
beam current which may result in local ized 

permanent damage to the storage grid. 

Turning on Equi¢ment. In some cases, the 

order inwhich voltages are appl ied to display -
storage tubes when equipments are turned on 
can give rise to a situation of "no bias" or 
"no scanning". If writing—gun high voltage 
is appl ied before writing—gun bias, a zero—

bias condition wi l l exist. If writing—gun 

high voltage is appl ied before the writing—

gun deflection voltages, a "no scanning" 

condition wi l l exist. In these cases, damage 

as described above can occur. It is obvious 

that an extremely serious condition exists 

when the writing—gun high voltage is appl ied 

before either bias or deflection voltages. 

In some equipments, the appl ication of 

biastothe writing—guncontrol grid is delayed 
because of high impedance in the control —grid—
to—bias—supply return ci rcuit. One way to 

avoid this condition is to use a time—delay 

relay, operating from the writing—gun high—

voltage switch, to connect the writing—gun 
control grid to a low—impedance point of the 

bias supply at a bias voltage sufficiently 

great to cut off the writing—gun beam unti l 

after the high voltage is appl ied. 
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To avoid a condition of runaway charging 

and possible tube damage, it is necessary 
that the viewing beam be operating before 
the writing beam is turned on. Al low the 
viewing—gun heater to reachoperatingtempera—
ture, and al low the viewing—gun beam current 
to reach normal operating value beforeturning 
on the writing —gun beam current. Furthermore, 
always keep the viewing—gun beam on ti l l the 
writing beam is turned off. 

Runaway Charging. A condition of runaway 
charging of the storage grid may result if 

the writing beam is al lowed to land on the 
storage grid with the viewing beam turned 
off, if the writing beam is incident on an 
area of the storage grid not covered by the 
viewing beam, or even though the viewing beam 
is turned on if the current density in the 
writing beam exceeds that in the viewing beam. 
Such a runaway condition can occur because of 

the non—equi l ibrium writing process involved. 

Because the electrons in the writing beam 

land with an energy such that the secondary—

emission ratio of the storage—grid surface 
is greater than unity, this surface charges 
positively toward col lector potential. Nor—
mal ly, the landing on the storage grid of 
the viewing—beam electrons keeps any portion 
of the storage—grid surface from charging 

above viewing—gun cathode potential. When 

this l imiting action of the viewing beam is 
not present, the storage—grid surface may 

charge under the action of the writing beam 

to a value such that sparking occurs through 

the insulating layer between thestorage—grid 
surface and the backplate. This sparking is 
observed as random bright flashes on the 
screen. In the event of sparking, permanent 
damage ( loss of the abi l ity to store a signal 
in local ized areas) to the storage grid may 
result. Such damage can sometimes be avoided 
if the writing process is quickly stopped. 

Reduced Viewing—Beam Diameter. In many display—
storage tubes, the appl ication of certain ranges 
of voltage to the viewing—gun grids wi l l cause 
the viewing beam to be focused into a smal l 
spot. In this condition, the viewing beam is 
quite intense and can change the secondary—
emission properties of the storage grid in the 
bombarded area. The voltage ranges assigned to 
the various viewing—gun grids in the technical 
bul letins under Maximum Ratings are chosen so 
that the viewing—beam current cannot be focused 
into a smal l spot. 

In summary, the fol lowing precautions must be 
fol lowed to protect the display—storage tube 
from inadvertent damage—

I. Do not exceed maximum ratings. 
2. Be sure to include the screen resistor. 
3. Be sure to include the col lector resistor. 

4. Do not apply excessive writing—beam current 
density. 

5. Protect against scanning fai lure. 

6. Protect against loss of bias. 
7. Apply voltages to tube in correct order. 
8. Never write unless viewing beam is on. 
9. Stay within recommended viewing—grid voltage 

ranges. 

GENERAL CONSIDERATIONS 
Handling. The display—storage tube should 

preferably be transported or handled with the 

face up. Care should be taken to prevent knocking 

or 'bumping the bulb terminals. Such rough treat—
mentmaycauseeitherimmediateordelayed cracking 
of the metal —glass seals. 

Support. Display—storage tubes which are not 
provided with an integral magnetic shield may be 
mounted by using a padded clamp around the neck 

of the tube and by sponge—rubber supports around 

the tube, except near the bulb caps. The tube 
should not be supported by the base or socket. 

Support for display—storage tubes having an 

integral magnetic shield is general ly effected 
by using padded clamps around the neck and large 
diameter of the tube unless otherwise specified 
in the technical bul letins. 

Supporting systems for "ruggedized" display—
storage tubes should take into consideration 
mounting arrangements that wi l l take ful l advantage 
of the environmental ratings of the tube. 

Shielding. Magnetic shielding, if not integral 
in thedisplay—storage tube, should always be pro—
vided to prevent external fields from interfering 

with the required accurate control of the low—

velocit~ viewing beam. A cyl indrical shield of 
properly annealed high—permeabi l ity material about 
I/16—inch thick is usual ly satisfactory. Thein—
tegral shielding provided in some display—storage 
tubes is satisfactory for most appl ications. 

Degaussing. Display—storage tubes suppl ied 
both with or without integral magnetic shields 
should be degaussed before being placed inopera—
tion. A degaussing coi l suitable for use with 
5—inch display—storage tubes may be made by 
winding 900 turns of No. l7 enameled wi re on a 
7—inch diameter form 2 inches long. After con—
necting the coi l to a suitable supply l ine (220 
vac, 60 cps), slowly (taking at least 30 seconds) 
pass the display—storage tube through the coi l 
and then slowly withdraw it completely from the 
ac magnetic field. Repeat this procedure at 
least two times. The tube should be removed at 
least five feet distant from the coi l before 
disconnecting the coi l from the supply l ine. 

Deflection Considerations for Electrostatic 
Types. As with conventional osci l lograph tubes, 
balanced electrostatic—deflection circuitsshould 
be employed. Each pair of the deflecting elec—
trodes should be operated at an average potential 
about the same as that of grid No.4 of the writing 
gun. 
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Video—Drive Considerations. In most appl i—
cations the information to be stored and displayed 
by the tube should be appl ied as a video signal 
to the control grid (grid No I l or cathode of 
the writing gun. The writing—gun control grid 
should never be more positive than necessary to 
write the display to saturated brightness for a 
given scanning speed and drive condition. In 
determining the writing—drive requirements, it 
should be remembered that writing is essential ly 
a charge—depositing process. The instantaneous 
writing—beam current needed forsaturated writing 
varies di rectly with the speed at which the 
writing beam is deflected across the storage 
grid and varies inversely with the number of times 
a given storage element is written upon in one 

complete scan period. 

The high voltages at which display—storage 
tubes operate may be very dangerous. Great care 
should be taken in the design of apparatus to 
prevent the operator from coming in contact with 
the high voltages. Safety precautions include 

the enclosing of high—potential terminals and 

the use of interlocking switches to break the 
primary circuit of the power supply when access 
to the equipment is desired. 

In the use of high—voltage tubes, it should 

always be remembered that high voltages may appear 
at normal ly low—potential points in the circuit 

as a result of capacitor breakdown or incorrect 
circuit connections. Therefore, before any part 

of the circuit is touched, thepower—supply switch 
should be turned off, and both terminals of any 
capacitors grounded. 

The Use of Safety Glasses. It is recommended 
that shatter—proof protective glasses be worn 
when handl ing display—storage tubes having a 
diameter greater than 5 inches to help protect 
operators against tube implosion should the tube 
be accidental ly struck. 
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This bulletin is to be used in con-
junction with the publication ICE-
277 "RCA Display-Storage Tubes". 

RCA-72686 
DISPLAY-STORAGE TUBE 

Factory-Collimated. "Ruggedized" Type Having 
High Display Uniformity, 4"-Diameter Display, 

Two Writing Guns, One Viewing Gun, 
Integral Mognetic Shield 

The 72686 is unilaterally interchangeable with types 7268 and 7268A 

RCA-72686 is a "ruggedized" 5"-diameter direct-

view elect%ostatic-focus and -deflection type of dis-

play-storage tube designed for use in military and com-

mercial information handling displays where rough tube 

usage may be encountered. It has two writing guns 

which permit the simultaneous writing of two independ-

ent signals and a single viewing gun. 

The viewing-beam of the 72686 is factory colli-

mated for optimum tube performance, minimum circuit 
requirements, simplified setup procedure, and to elim-

inate the possibility of tube damage because of improper 

viewing-beam adjustment. Optimum collimation is ob-

tained by use of passive circuit elements incorporated 

within the magnetic shield-tube assembly. Only two 

fixed voltages are required to obtain optimum colli-

mation which remains constant throughout tube life 

even though the supply voltages may vary. 

The 72686 is capable of providing anon-flickering 

4"-diameter display having uniform brightness and ex-

cellent positional accuracy of written signals under 

environmental conditions involving severe vibration, 

extremes in temperature and pressure, salt spray, and 

high humidity. 

Its rugged internal structure, high brightness, and 

an adjustable rate of information decay make the 72686 

especially useful, under daylight viewing conditions, 

in airborne fire-control radar systems. 

FEATURES 

• Factory Collimation of Viewing Beam for 
Optimum Tube Performance 

• Constant Collimation throughout Tube 
Life 

• Minimized Circuitry Requirements 

• Simplified Setup Procedure 

• High Display Uniformity 

• Excellent Resolution 
—70 lines per inch (min.) 

• High Display Brightness 
—2500 footlamberts (typical) 

• High Display Accuracy 

• Two Writing Guns Having Close 
Registration Capability 

• Designed to Withstand the Severe 
Environmental Requirements of 
Airborne Equipment 

• Integral Magnetic Shield 

• Ability to Integrate Signals in the 
Presence of Noise 
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DATA 

Electrical: 
Heater, for Unipotential Cathode (All guns): 

Voltage (AC or DC)  6.3 ± 10% volts 
Current at 6.3 volts  0.6 A 

Cathode Heating Time (Minimum) 
before other electrode voltages 
are applied   30 sec 

Writing Section —Each Gun: 
Focusing Method  Electrostatic 
Deflection Method  Electrostatic 
Deflecting-Electrode 

Arrangement  See Dimensional Outline 
Direct Interelectrode Capacitances: 

Grid No.l to all other electrodes 15 max. pF 
Cathode to all other electrodes   8 max. pF 
Deflecting electrode DJ1 to de-

flecting electrode DJ2   3 max. pF 
Deflecting electrode DJ3 to de-

flecting electrode DJ4   2 max. pF 
DJ1 to all other electrodes   10 max. pF 
DJ2 to all other electrodes   10 max. pF 
DJ3 to all other electrodes   10 max. pF 
DJ4 to all other electrodes   10 max. pF 

Viewing Section: 
Direct Interelectrode Capacitance: 

Backplate to all other 
electrodes  110 max. pF 

Collimation-Systemb Min. Max. 
Negative Terminal 
Voltage   —100 —50 volts 

Viewing-Gun Heater  —125 125 volts 
Magnetic Shield Voltage  —200 200 volts 
Deflecting-Electrode Voltage 

(Each Gun)   —600 600 volts 
Writing-Grid-No.3 Voltage 

(Each Gun)c  0 2000 volts 
Writing-Grid-No.l Voltage 

(Each Gun)c  —200 (d) volts 

Writing-Gun Cathode Voltage 
(Each Gun)   —2800 0 volts 

Writing-Gun Heater-To-
Cathode Voltage (Each 
Gun)  —125 125 volts 

Series Current-Limiting Re-
sistor (Unbypassed) in 
Screen Circuit   1 — megohm 

Series Current-Limiting Re-
sistor (Unbypassed) in 
Collimation System Positive 
Terminal Circuit  0.005 — megohm ~~ 

Recommended Operating Values: 

All uoltages ¢re shown with respect to the refer-
ence terminal of the collimation system unless 

.~~ 

otherwise specified. 

Screen Voltage 10000 volts 
Optical: Backplate Voltagee 2 volts r̀

Phosphor   P20, Aluminized Collimation-Systemb
Positive Terminal 
Voltage  265 volts 

Collimation-Systemb
Mechanical: Negative-Terminal 
Minimum Useful Viewing Diameter   4" Voltage  —55 volts 
Maximum Overall Length   16" Collimation-Systemb
Maximum Diameter (Excluding 

screen lead)  5.28" 
Reference Terminal 

Writing-Grid-No.3 
grounded 

Screen-Connector Assembly See Dimensional Outline Voltage (Each Gun)f  —2325 to —1975 volts 
Base   JEDEC No.B25-216 Writing-Grid-No. l 
Bulb Terminals: Voltage (Each Gun) (dg) volts 

Caps (Three) . . Recessed Small Ball (JEDEC No.Jl-22) Writing-Gun Cathode `/ 
Operating Position   Any Voltage —2400 volts 
Weight   5-1/4 lbs Magnetic Shield Voltage 0 volts 

Average Deflecting Plate 
Voltageh 100 volts 

Circuit Values: 

Maximum and Minimum Ratings, Absolute-Maximum Values;a Grid-No.l Circuit 
Resistance (Either 

All uoltages are shown with respect to the refer-
ence terminal of the collimation system unless 

Gun) 
Impedance in Any Deflecting 

1 max. megohm 

otherwise specified. The reference terminal must 
be grounded. 

Electrode Circuits 
Backplate-Circuit 

0.01 max. megohm 

Min. Max. Resistance  0.005 max. megohm 
Screen Voltage: Series Current-Limiting 

Peak . .   — 11500 volts Resistor (Unbypassed) in 
DC  0 11000 volts Screen Circuit  1 megohm 

DC Backplate Voltage   0 35 volts Series Current-Limiting 
Collimation-Systemb Resistor (Unbypassed) in 

Positive Terminal Collimation System Positive 
Voltage   0 300 volts Terminal Circuit  0 005 megohm \~ 
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 7268 B 

Characteristics: Min. Typ. M¢x. 

Useful Viewing Diameter . 4 — — inches 
Brightness (Luminance)k — 2500 — footlamberts 
Viewing Duration "'   15 — — seconds 
Erase Time"   — 28 — milliseconds 
ResolutionP  70 — — lines/in. 
Undeflected Spot Position  — — (q) millimeters 
Deflection Factors: 

DJ1 & DJ2  82 — 100 volts/inch 
DJ3 & DJ4. . . . . . . . 82 — 100 volts/inch 

Performance Data 

Writing Ability and Writing Uniformity Character-
istics are measured singly for both guns. A 3.5" x 3.5" 
raster is centered on the tube face. Vertical scanning 
is accomplished by an interrupted linear sawtooth 
waveform having a scan time of 625 microseconds and 
a prf of 500 pps. Horizontal scanning is provided by a 
triangular waveform having a scan rate of 3.5 inches 
per second. 

Writing Ability. The writing-gun grid No.l of the 
gun under test is driven above cutoff during the 
vertical scan time by white noise, of approximately 
5 megacycle bandwidth, having a zero-to-peak 
amplitude of approximately 35 volts. The display 
brightness under these conditions shall be at least 
20% of saturated brightness. 

Writing Uniformity. This characteristic is deter-
mined under the same conditions as specified above 
except that the rms amplitude of the white noise 
is adjusted to produce brightness of 40% of satu-
rated brightness at the dimmest area in the dis-
play. The measured brightness at the brightest 
area of the display shall be not more than 60% of 
saturated brightness. 

Environmental Tests: 

The 7268B is designed to withstand the fol-
lowing operational and non-operational environ-
mental tests. 

Operational Tests. 

Sinusoidal Vibration: This test consists 
of tube vibration in each of three ortho- 
gonal axes. One of these axes is in the 
plane passing through the major axis of 
the tube and the center of the tube-base 
key. The tube is mounted so that its major 
axis is parallel to the plane of the earth. 
A total of 6 cycles of swept sinusoidal 
vibration, from 10 to 500 and back to 10 
cycles per second, is performed. The 
duration of a sweep cycle is 15 minutes. 

The frequencies of any resonant points 
are noted. The sinusoidal vibration sched-
ule is shown below. 

Double 

Amplitude 

inches 

Peak 

Acceleration 

g's 

Sweep 

Frequency 

c/s 

Sweep Cycle 

Duration 

minutes 

0.27 — 10 to 20 

— 4 20 to 46 

— 2 46 to 500 15 

— 2 500 to 46 

— 4 46 to 20 

0.27 — 20 to 10 

Vibration at Resonance. This test con-
sists of tube vibration at the resonant 
point or points determined in Sinusoidal 
Vibration for a period of 30 minutes. If 
more than one resonant point is noted 
for a given axis, the tube is vibrated for 
a total of 30 minutes at that resonant 
point in each axis most likely to produce 
tube failure. If no resonant points are de-
termined in Sinusoidal Vibration, the tube 
is vibrated for 60 minutes at a frequency 
of 55 cycles per second. 

Low Pressure-High Temperature. This 
test consists of tube storage for a period 
of not less than one hour at a tempera-
ture of +100°  C. At the termination of 
this storage period, the tube is operated 
with the values shown under Recommended 
Operating Values applied and at apressure 
equivalent to an altitude of 32,000 feet. 
The temperature is then reduced to+53°  C. 
The tube is stored at this temperature for 
1 hour and then is operated with normal 
voltages applied at a pressure equivalent 
to an altitude of 60,000 feet. 

Low Temperature. This test consists of 
the tube being maintained at a tempera-
ture of —65o C for 48 hours. At the end 
of this period and while the tube is still 
at —65°  C, the tube is operated with re-
commended voltages applied for 15 min-
utes. 
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Non-Operational Tests: 

Temperature Cycling. This test consists 
of tube storage for a period of not less 
than 2 hours at a temperature of ~5°  C 
followed within 5 minutes by storage for 
a period of 2 hours at a temperature of 
+100°  C. A minimum of five consecutive 
cycles are performed. 

High Pressure. This test consists of tube 
exposure to an absolute pressure of 45 
pounds per square inch for a period of at 
least 60 seconds. This pressure shall be
attained within 60 seconds. 

Torque. This test consists of the appli-

cation of a torque of 40 inch-pounds be-

tween the integral magnetic shield and 
the tube base. 

Sa It Spray. This test consists of tube ex 
posure to a fine spray from a salt solution 
for a period of 48 hours. The ambient 
temperature is maintained at approximately 

35°  C. 

° The maximum ratings in the tabulated data are established 
in accordance with the following definition of the Absolute-
M¢ximum R¢ting System for rating electron devices. 

Absolute-Maximum ratings are limiting values of operating 
and environmental conditions applicable to any electron 
device of a specified type ae defined by its published data, 
and should not be exceeded under the worst probable con-
ditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no respon-
sibility ,for equipment variations, environment variations, 
and the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that initially 
and throughout life no Absolute-Maximum value for the in-
tended service is exceeded with any device under the worst 
probable operating conditions with respect to supply volt-
age variation, equipment component variation, equipment 
control adjustment, load variation, signal variation, envi-
ronmental conditions, and variations in device character-
istics. 

bThe collimation system includes a passive internal net-
work which provides the proper voltages for all viewing 
gun electrodes; except screen, backplate and heater; ea 

well as grids No.2 and 4 of the writing gun. 

Voltages are shown with respect to cathode of writing gun. 

dThe writing-gun grid No.l should never be more positive 
then necessary to write the display to saturated brightness 

for a given scanning and drive condition. In no case should 
the writing-gun grid-No.l voltage have a value greater than 
zero with respect to the writing-gun cathode. 

eThe backplate should be maintained at 2 volts between 
erasing pulses when dynamic erasure is employed. 

f Adjusted for the smallest, moat circular spot. 

9The bias-voltage value for writing-beam cutoff is between 
—60 and —100 volts with respect to writing-gun cathode. 

h With respect to the reference terminal of the collimation 
system for each pair of deflecting electrodes. 

~ Recommended value for minimum distortion because of 
viewing-beam collection by the deflecting plates. Where 
strict display accuracy and display uniformity are not re-
quired, the impedance value for any deflecting-electrode 
circuit may be as high as 0.1 megohm maximum. For optimum 
performance, it is recommended that the deflecting-elec-
trode-circuit impedances be approximately equal. 

kBrightness (Luminance) is measured after the entire dis-
play is written to saturated brightness, the writing gun has 
been turned off, and with no erasing pulse applied. 

'"The time required for any 0.5-inch diameter area of the 4"-
diameter viewing area to rise spontaneously (with no writ-
ing or erasing) from zero brightness (viewing-beam visual 
cutoff) to 10% of saturated brightness. 

"With the display at saturated brightness, a series of rec-
tangular pulses 5 milliseconds in width and at a repetition 
frequency of 2 pps is applied to the backplate. The number 
of pulses required to just erase completely the center of 
the display is noted. This number is multiplied by 5 milli-
seconds to obtain the erase time. The amplitude of the 
erase pulses is adjusted to obtain the minimum erase time. 

PMeasured by the "shrinking" raster method under condi-
tions of continuous writing and erasing, with erase pulses 
of 60 µsec width and a repetition frequency of 300 pps. 
The amplitude of the erase pulses is adjusted to provide 
3.5-second erasure and grid No.l is adjusted to provide 
1000 footlamberts brightness of the just "shrunken" raster. 

QThe undeflected spot position must fall within a square 
having a 15 millimeter aide (maximum) centered on the tube 
face and parallel to a trace produced by one set of deflect-
ting plates. 

OPERATING PROCEDURE 

The following steps should be followed when the 
7268B is first placed in operation. Refer to the pre-
cautions shown under Operating Considerations in the 
publication 1CF1-277 "RCA Display-Storage Tubes". 
Note that all electrode voltages are referred to the re-

ference terminal of the collimation system unless other-

wise specified. 
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1. Viewing Gun —Ground the collimation system re-
ference terminal and magnetic shield. Apply power 
to the heater of the viewing gun and allow 60 sec-
onds for the cathode to reach normal operating tem-
perature. Next apply the following voltages, in the 
indicated order: +2 volts to the backplate, —55 volts 
to the collimation system negative terminal, and 
t265 volts to the collimation system positive term-
inal (besure a minimum resistance of 5000 ohms is 
in this circuit). Then increase screen voltageslowly 
from 0 volts to 10,000 volts (be sure a minimum re-
sistance of 1 megohm is in the screen circuit). Next 
apply dynamic erasing pulses to the backplate. 

The storage property of the tube can be observed by 
setting the amplitude of the dynamic erasing pulses 
at +8 volts for several seconds and by then reducing 
it to zero volts. As the erasing pulse amplitude is 
reduced the screen should go dark. The 7268B is 
now storing an overall "black picture" and stays 
in this condition until the screen begins to brighten 
as a result of the storage grid being gradually dis-
charged by positive ions landing on it. 

2. Writing Gun —Apply power to the heater of the writ-
ing gun and allow 60 seconds for the cathode to 
reach normal operating temperature. Then, with re-
ference to the typical operating values shown in the 
tabulated data under RecommeruledOperatingValues, 
set the grid-No.l voltage to cutoff, and apply do 
voltages to the electrodes of the writing gun. With 
the screen made dark by the charging method des-
cribed under (1), the grid-No.l bias is reduced until 
the writing beam is seen as a spot on the screen. 
If the beam is caused to move, either by centering 
adjustment or by application of deflection voltage, 

it should leave a bright trace. After an area has been 
written to full brightness, the writing-beam spot 
may be seen as a slightly brighter spot on the bright 
background. Writing-beam focus can then be opti-
mized by adjusting the grid-No.3 voltage. 

3. Final Display Adjustments —The do bias and the 
video-signal amplitude applied to grid No. l or cathode 
of the writing gun should be adjusted to set the 
black level and the highlight level in the display. 
These adjustments depend on the scanning rate 
used. Resolution decreases with increasing writing-
gun beam current. Excessive writing-gun beam cur-
rent will produce screen saturation and any further 
beam-current increase will not produce additional 
highlight brightness and may also decrease half-tone 
rendition. It is recommended that the writing-beam 
current always be adjusted to a minimum value to 
produce the best display without saturation of high-
light brightness. The dynamic erasing-pulse amp-
litude and duty cycle should be adjusted in accord-
ance with the information contained in 10E-277. 

The following operating precautions must be fol-
lowed to protect the 7268B from inadvertent damage —

1. Do not exceed maximum ratings. 

2. Be sure to include the screen resistor. 

3. Be sure to include the collimation system pos-
itive terminal resistor. 

4. Do not apply excessive writing-beam current 
density. 

5. Protect against scanning failure. 

6. Protect against loss of bias. 

7. Apply voltages to tube in correct order. 

8. Never write unless viewing beam is on. 

-5-
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~-MINIMUM USEFUL
SCREEk DIAMETER 

4.0 

.50 MAX ~ 38 
I MAX. 

580 +3o a ±3° +3v 
~~- E ~ 

3.42 ±.03 
DIA. 

MOUNTING AREA 
NOTE I 

BASE 
JEDEC No. 825-216 

DIMENSIONAL OUTLINE 

5.25±.03 DIA. 

COLLIMATION 
SYSTEM POSITIVE 

TERMINAL 
J EDEC No. 

JI-22 

\ 5 MIN. 
~, x.063 MAX. 

A 

6.69 
MAX. 

.97 MIN.\ 
1.38 MAX. 

5.730 
+.000 
_.120 

i

BACKPLATE-
TERMINAL 
JEDEC No. 

JI-22 

2.3 
MIN. 

W

MOUNTING A 
NOTE I 

3.48 

~L V J 

//////~ 
~_ 

REASJ 

MAX. 
DIA. ENC

SCREEN
TED

CONNECTOR 
20±.3 LONG 
NOTE 2 

// 

HORIZONTAL 
TRACE 

FACEPLATE 

.97 MIN. 
2.76 MAX. 

2.25 
MAX. 

NC 

JEDEC No. 
JI-22 

23 
MIN. 

12.58 
± .06 

1.25 
MIN. 

11 1 1 1 1 11 

II ~~ I1 

A 

15.75 
±.25 

92LM-1222 

DIMENSIONS IN INCHES 

NOTE 1: The indicated areas are recommended for mounting 
purposes, 

NOTE 2: Amp Part Noe AMP 832 692-0; manufactured by Air-
craft Marine Products, Inc., Harrisburg, Pa., or equivalent. 
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BASING DIAGRAM 
Bottom View 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

DJ2yyi 

DJ3W1 

DJ4W 1 

SCREEN • NC 
CONNECTO 

OJl~yl 

NC 

NC 

1: Deflecting Electrode DJ2 of Writing Gun No.2 

2: Deflecting Electrode DJ1 of Writing Gun No.2 

3: Deflecting Electrode DJ3 of Writing Gun No.2 

4: Deflecting Electrode DJ4 of Writing Gun No.2 

5: Integral Magnetic Shield 

6: Collimation System Negative Terminal 

7: Collimation System Reference Terminal 

8: Heater of Viewing Gun 

9: Heater of Viewing Gun 

10: NC —No Internal Connection 

il: Deflecting Electrode DJ4 of Writing Gun No.l 

12: Deflecting Electrode DJ3 of Writing Gun No.l 

13: Deflecting Electrode DJ2 of Writing Gun No.l 

14: Deflecting Electrode DJ1 of Writing Gun No.l 

15: NC —No Internal Connection 

16: Heater of Writing Gun No.2 

DJ2yy2 COLLIMATION SYSTEM 
POSITIVE TERMINAL 

DJIVV2 

DJ 3yy 2 

BLACKPLATE 

DJ4VV2 

MAGNETIC 
SHIELD 

COLLIMATION SYSTEM 
NEGATIVE TERMINAL 

COLLIMATION SYSTEM 
REFERENCE TERMINAL 

92LS -1218 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

17: Grid No.l of Writing Gun No.2 

18: Heater of Writing Gun No.2 

19: Grid No.3 of Writing Gun No.2 

20: Cathode of Writing Gun No.2 

21: Heater of Writing Gun No.l 

22: Grid No.l of Writing Gun No.l 

23: Heater of Writing Gun No.l 

24: Grid No.3 of Writing Gun No.l 

25: Cathode of Writing Gun No.l 

Flexible Lead: Screen (Encapsulated) 

Recessed Small Ball Caps; 
Over Pin No.3 

NC —No Internal Connection 

Over Pin No.13 
Collimation System Positive Terminal 

Auer Pin No.14 
Backplate 
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BASE DRAWING 

25-PIN BASE 

JEDEC No.625-216 

.010 -
MAX. 

.340 
MIN. 

25 PINS 
.093 * .002 

2.800 

r

3.277 
3.307 

.110 
MAX. 

.372 

.740 ~ 88 

.765 

1.360 

i
515 3130 

MAX. MAX. 

 ,~ i.o
j
oo 

 f 

1.620 ~ 92CS-12333 

DIMENSIONS IN INCHES 

*Add 0.030" for solder. 

.775 
MAX. 
i . 
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DISPLAY-STORAGE TUBES 
Direct-View Types 

Information shown on these pages is to be used in 
conjunction with RCA display—storage tube data. 

RCA display—storage tubes of the direct—view 
type are used in appl ications that require a 
bright, non—fl ickering display of stored informa—
tion containing half—tones for relatively long 
periods of time. They provide continuous displays 
having high contrast under conditions of high 
ambient l ight for many seconds after writing has 
ceased and integrate repetitive signals so that 
information can be distinguished from random 
noise. Typical appl ications usingdisplay—storage 
tubes include the fol lowing: 

RADAR—Ground, Airborne, and Marine 

F i re cont ro I 
Search 
Weather 

Ground Mapping 

Proximity Warning 
Navigation 

OTHER INFORMATION DISPLAYS 

Electronic Reconnaissance and Counter—
measures 

Compressed Bandwidth Video Systems 
Osci l lograph Displays of Non—recurrent 
Transients 

Sona r 

The voltage and other values used in this 
publ ication do not apply to any particulardisplay—
storage tube type. Although these values may be 
typical, they are intended only to explain the 
principles of operation of the device. Refer to 
the data contained in the technical bul letin for 
a given tube type for specific ratings, operating 
values, and performance and characteristic values. 

PRINCIPLES OF OPERATION 

A schematic arrangement of atypical display—
storage tube is shown in Fig. l. The viewing 
electron gun produces a low—velocity, unfocused 
electron beam that continuously floods thetarget 
electrodes. The target electrodes consist of a 
phosphorscreen(usual ly aluminized) on the inside 
surface of thefaceplate, abackplate mesh covered 
with a thin layer of insulating material which 
serves as the storage grid, and a col lector grid. 

The writing gun (or guns) produces a wel l—
defined high—velocity beam that is deflected, 
focused, and intensity modulated in the same 
manner as the beam of a cathode—ray tube. 

The writing beam establ ishes a potential 
distribution on the storage grid which controls 
the viewing—beam current reaching the phosphor 

Tredemark(s) Q Registered 
Marcos) ReSistrada(s) 

screen in the same manner as the grid voltage of 
a triode receiving tube controls its plate cur—
rent, i.e., when the storage grid is establ ished 
at negative voltages with respect to the viewing—
gun cathode it can l imit or cut off the viewing—
beam current. 

The tube may also contain a selective erasing 
gun which produces a low—velocity, focused beam 
that permits selective erasure of some areas of 
stored information on the storage grid without 
disturbing other areas. 

GRID No.3 
COLLIMATOR GRID GRID No.2 VIEWING GUN 

COLLECTOR GRID 

STORAGE GRID 

BACKPLATE 

GRID No.l 

CATHODE —' 

WRITING GUN 

PHOSPHOR SCREEN 52cs-11510 

Fig.i— Schematic Arrangement 
of a Display—Storage Tube. 

The operation of the display—storage tube 
may be described by separating it functional ly 
into viewing, writing, and erasing operations. 

The Viewing Operation 

In addition to the viewing gun and the target 
elements, the viewing section contains additional 
electrodesforthecol l imationoftheviewing beam. 

The cathode, grid No. 1, and grid No.2 of the 
viewing gun produce a high—density, low—velocity 
stream of electrons that is typical ly col l imated 
(made paral lel ) and control led in size by adjust—
ment of grid-No. I, grid—No.3, and col I imator—grid 
voltages. This col l imated stream of electrons 
continuously floods the col lector grid and the 
storage grid. Col l imation is required so that 
the electrons, after passing through the col lector 
grid, wi l l approach al l points on the storage 
grid in paths normal (perpendicular) to its sur—
face. This normal approach of electrons having 
uniform ve I oc i ty makes poss i b I e the uniform cont ro I 
of the electrons at every point on the storage grid. 

ELECTRON TUBE DIVISION 
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Grid No.3 may be a conductive coating on the 
bulb—wal l interior as shown in Fig. 1. This figure 
also shows the location of the col l imator grid 
which is oftenametal cyl inderthat is mechanical ly 
supported by the target electrodes. 

The col lector grid is a fine metal mesh. It 
col lects secondary electrons emitted from the 
storage grid during writing, and viewing—beam 
electrons turned back from the storage grid when 
the storage grid's potential is sufficiently 
negative. Also, because the col lector grid is 

the most positive element thus far seen by the 
electron beams, it repels positive ions (produced 

by col l ision of electrons with residual gas 
molecules) and prevents ions in the region between 
the guns and the col lector grid from landing on 
the storage grid and thus altering a stored charge 
pattern. 

The storage grid consists of a very thin layer 
of material, having appropriate insulating and 
secondary—emission characteristics, that is 
deposited on the backplate, which is a fine 
metal l ic mesh. The deposit is on the gun side 
of the mesh, and leaves the size of the mesh 

openings essential ly unchanged. In effect, the 
storage grid consists of a multipl icity of inde—
pendent storage elements, each a capacitor. The 
thin layer of material of thestorage grid serves 
as the dielectric, and its two surfaces serve as 
plates. One surface is in electrical contact 
with the backplate and the other surface faces 
the electron beams. The potential resulting from 
the charge stored in these individual capacitors 
determines the amount of viewing—beam current 

which reaches the corresponding areas of the 
phosphor screen, and therefore, controls the 
brightness of the display. 

The backplate is ordinari ly operated at a 
low positive potential (typical ly +2 volts) with 
respect to the viewing—gun cathode which is at 
ground potential. Assume the storage grid has 
the same potential as the backplate when the 
viewing section is initial ly placed inoperation. 

The storage grid has this potential because the 
elemental capacitorsareassumed to be disc harged, 
i .e., there is no previously establ ished charge 
pattern. Viewing—beam electrons passing through 
the col lector grid are decelerated as they approach 
the storage grid, and because this grid is assumed 
initial ly to be +2 volts, it fol lows that they 
wi l l land on its surface. Because of their low 
velocity, these electrons produce a secondary—
emission ratio of less than unity and a net negative 
charge is deposited on the storage grid. As the 
negative charge bui lds upon the elemental capaci—
tors, the potential of the storage grid drops. 

This process continues unti l the storage grid 
reaches an equi l ibrium value at viewing—gun 
cathode potential. 

Under these conditions, a majority of the 
viewing—beam electrons passing through the col—
lector grid are funneled throughthestorage—grid 

mesh openings to the phosphor screen and cause 
it to fluoresce over its entire area In this 
condition, the brightness of the screen is desig—
nated as "saturated brightness". 

Light output from the screen at saturated 
brightness varies with the voltage appl ied to 
the screen. As shown in Fig.2, the l ight output 
rises rapidly at screen voltages above a threshold 
of about 5000 volts for a display—storage tube 
having an aluminized screen. A display of high 
brightness is possible because each spot on the 
phosphor screen is continuously excited by the 
high—current viewing beam rather than intermit—
tently excited as in conventional cathode—ray 
tubes. A high—current flooding—type viewing 
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Fig.2 — Ty¢ical Brightness Characteristic 

of a Dis¢lay—Storage Tube Baving 
an Aluminized Screen. 

10 

beam can be used because the display function 
(viewing) isseparated from the information input 
function (writing) and consequently, external 
focusing, deflection, and modulation of the 
viewing beam are not required. 

Assume that the entire storage grid has been 
uniformly charged to viewing—gun cathode (ground) 
potential and that the backplate is at +2 volts. 
The display is now at saturated brightness. The 
viewing beam may be cut off from the phosphor 
screen by making the storage grid sufficiently 
negative with respect to the viewing—gun cathode. 
This may be accompl ished by shifting the backplate 
from its normal potential of +2 volts to a more 
positive potential, for example, +8 volts. Because 
of the capacitive coupl ing between the backplate 
and the storage grid, the storage grid rises an 
equal amount positive from its initial ground 
potential of zero volts to a potential of +6 volts. 
Viewing—beam electrons are now able to land on 
the storage grid and charge it in a negative 
direction. Chargingcontinues unti l the storage—
grid potential is reestabl ished at zero volts, 
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whi le the backplate remains at +8 volts. Now, 

if the backplate potential is returned to its 

initial value of +2 volts, the storage-grid 
potential drops correspondingly to -6 volts, 

a voltage sufficient to assure cutoff. Electrons 

in the viewing beam are now turned back as they 

approach the storage grid and return to the col—

lector. The phosphor screen is dark. 

At values of storage-grid potential between 

those which produce viewing-beam cutoff and those 

which produce saturated brightness, the amount 
of viewing-beam current which penetrates the 

storage-grid openings, and hence the amount of 

l ight emitted by the screen, is a function of 

storage-grid potential. This effect is shown in 

Fig.3foratypical displaystoragetube. Forback-
plate voltages more positive than those assumed in 

Fig.3, this storage—grid characteristic tends to 

shift to the left. For phosphor—screen or col—

lector—grid voltages less positive than those 
assumed in Fig. 3, the characteristic tends to 
shift to the right and to exhibit more slope. 

V/EW/NG SECT/ON 
SCREEN VOLTS*= 10 000 
BACKPLATE VOLTS*  =+2 
COLLECTOR GRID VOLTS* = 150 
* REFERRED TO CATHODE OF VIEWING GUN, 

WR/T/NG SECT/ON 
NORMAL OPERATION. 
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Fig.g — Typical Storage—Grid Characteristic 
of a Display—Storage Tube. 

The Writing Operation 

The writing gun of the display-storage tube 

is simi lar to that of a cathode-ray tube. Its 

beam may be focused, deflected, and modulated in 

the same manner as the beam in acathode-ray tube. 

It is used to write information on the storage 

grid, and contributes l ittle to the total l ight 

output from the tube. 

The cathode of the writing gun is general ly 

operated at a high negative potential (typical ly 

-2000 volts) with respect to the viewing-gun 

cathode. 

The writing -beam electrons land on the storage 
grid with such a velocity that its secondary-

electron emission ratio is greater than unity. 

Thus, more electrons leave the storage grid than 

arrive, and elements of the storage grid assume 
a more positive charge wherever the writing beam 
strikes. Because the secondary electrons are 
attracted to the col lector, the writing beam 
tends to charge the storage grid to the potential 
of the col lector. However, the maximum potential 

to which an element of the storage grid rises 
is l imited in normal operation by viewing-beam 
landing to a potential just sl ightly more positive 
than that of the viewing-gun cathode. 

By control l ing the intensity of the writing-
beam current, it is possible to control the amount 
of positive charge deposited on any storage 
element. Consequently, a storage element can be 
establ ished in astable condition at any potential 

intermediate between the storage-grid cutoff 

voltage and approximately zero voltage. These 
potentials, in turn, control the transmission of 

the viewing-beam current to the screen, as shown 
in Fig.3, and produce a half-tone display. 

Because the useful'range of storage-grid 
potentials is entirely negative with respect to 
the viewing-gun cathode, the process of viewing 
does not in itself cause any deterioration of 

the stored information. Viewing duration is 
ultimately l imited by the landing of positive ions 
produced in the region of the target on the 

storage grid, or by a control led erasure rate 
when dynamic erasure is employed. 

The great multipl icity of elements of the 
storagegridmakes possible thestorageanddisplay 
of half-tone patterns of high resolution. At a 
display brightness of 50 per cent of saturated 
brightness, a typical resolution of 50 l ines per 
inch is measured by the "shrinking raster" method. 
Display-storage tubes designed for high resolution 
show as much as 1 10 l ines per inch. 

The Erasing Operation 

Static Erasure. The negative charging of the 
storage grid when bombarded by the low-velocity 
viewing beam provides a mechanism by which an 
undesired charge pattern on the storage grid can 

be erased. A multipl icity of potentials is 
establ ished on the storage grid by the modulated 
beam of the writing gun. Now, increasing the 

backplate voltage from +2 volts to +8 volts 

raises the potential of the individual elements 
of the storage grid to a potential between +6 

volts—for an element which has been written to 
saturation—to zero volts for another element 
which was unwritten. The screen is now nearly 
uniformly i l luminated at a level equal to, or 
sl ightly greater than, the saturated brightness. 
The low-velocity viewing beam lands on al l areas 
which are at any positive potential, and brings 
them al l to equi l ibrium at zero volts. Returning 
the backplate voltage to its original value of 
+2 volts drops the potential of the entire storage 
grid to a uniform -6 volts, which is the erased 
or cutoff condition. This technique is known 

as static erasure. 

- 3 - 



Using this technique, information written at 

any time remains at the written brightness level. 
The display at any moment comprises an integrated 
sum of al l information written since the last 
erasure but does not permit the distinction of 
the time at which the information was written. 
During the erasing cycle the display conveys no 
information. After erasure, no information wi l l 
be displayed unti l a new pattern is written. 

The duration of a display may be extended 

to two minutes or more if half—tones are not 
involved in the display and if the signals to be 

written are above a minimum threshold value. 
The increased duration is achieved by use of an 

erasing volta~ having an ampl itude several volts 
higher than tiia~ required for complete erasure 
which produces an erased condition cal led "blacker 
than black". Sucha voltage charges the unwritten 
storage elements more negative than the cutoff 

voltage and consequently increases the time 
necessary for ion landing to cause a visible 
bui ld—up of background brightness. If true 
half—tone displays are required the ampl itude 
of the erasing voltage should be adjusted to 

that value which brings the storage grid to just 
cutoff potential. 

Dynamic Erasure. In many appl ications it is 
desired that writing be fol lowed by a gradual 
decay of stored information. A gradual decay 
permits discrimination of the time at which the 
information was written. This performance is 
obtained by applying a continuous series of 
rectangular positive pulses to the backplate 
at a rate wel l above the fl icker frequency of 

the human eye. Because the rate of the erasing 

pulses is above the fl icker frequency of the eye, 
stored information wi l l appear to an observer 
to be continuously displayed. A satisfactory 
pulse—repetition frequency is 200 cps. The 
technique of erasing by applying a series of 
pulses to the backplate is known as dynamic erasure. 

The rate of decay of stored information. 

depends on the width of the pulse and its repeti—
tion frequency. In contrast to the saturation 

brightness condition which occurs during static 
erasure, dynamic erasure gives the appearance of 
a low level of background brightness resulting 
from the erasing pulses. The rate of decay of 
stored information and the apparent background 
brightness caused by the pulses is proportional 
to thepr_ 'uct of their width and repetition rate. 

Brightness—decay characteri st i cs for a typ i ca I 
display—storage tube dynamical ly erased are shown 
in Fig. 4. Under the assumed erasing conditions 

shown in Fig. 4, the display can be erased by a 
single 6—volt rectangular pulse of approximately 
24 mi I I iseconds duration, or by a series of 6—volt 
pulses having atotal duration of 24 mi l l iseconds. 
Erasing pulses whose ampl itudes are smal ler than 
the magnitude of the viewing—beam cutoff voltage 
do not permit complete erasure. On the other 
hand, erasing pulses whose ampl itude is greater 
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than the magnitude of the viewing—beam cutoff 

voltage eventual ly drive the storage grid beyond 
cutoff, i.e., to a value "blacker than black". 
Whi le this may appear to give faster erasure, 
it wi l l result in the loss of smal l signals. 
Therefore, the erasing—pulse ampl itude should 
not be used to adjust the erasing speed. 

ERAS/N6 COND/T/ONS~ 
PULSE SHAPE RECTANGULAR 
PULSE DURATION ~ 10 µSEC. 
PULSE-REPETITION FREQUENCY 200 PPS 
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Fig.q — Typical Erasing Characteristics 

of a DisQlay—Storage Tube. 

In some appl ications the saturated brightness 
condition of static erasure or the low level of 
background brightness during dynamic erasure may 
be objectionable. These conditions can be el imi—
nated by reducing the appl ied screen voltage during 
that portion of the erasure cycle when the back—
plate is raised to a value more positive than 
its normal operating voltage. 

OPERATING CONSIDERATIONS 
The precautions which must be observed to 

obtain rel iable service fromdisplay—storage tubes 
are considerably more numerous than those to be 
observed for the more fami l iar osci l lograph—type 
cathode—ray tube. If these precautions are ob—
served, these devices may be operated with a high 
degree of confidence in obtaining rel iable and 
trouble—free service throughout the warranty 
period and beyond. 

This section contains information which, when 
used along with the maximum ratings establ ished 
for the individual tube type wi l l prevent the 
occurence of electrical situations which may 
result in permanent storage—tube damage. Only 
items likely to result in permanently damaged 
tubes are listed below. Items affecting only 
the qualityo.{tubeQerformance have beenpurQosely 
omitted. It is highly recommended that safe—
guards to protect against the situations described 
below be designed into the equipment to prevent 
inadvertent display—storage tube damage. 

Maximum Ratings. Fai lure to stay within the 
absolute—maximum ratings of the tube as shown 
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in the technical bul letins wi l l result in 
i mpai red tube I i fe o n mmed i ate tube destruction. 
For this reason, it is advisable to design 
voltage controls in such a manner that it is 
impossible to apply to the tube a voltage 
exceeding its maximum rating. Often, excessive 
voltages result from open and short circuits 
in power—supply circuits, or from an open 
electrode—terminal connection. In the latter 
case, the corresponding tube electrode can 
float to uncontrol led potentials. 

Screen-Circuit Impedance. An adequately rated 
one—megohm (minimum) resistor must be in series 
with the screen—terminal lead. Capacitance to 
ground (or elsewhere) from the section of the 

lead between the resistor and thescreenterminal 

must be very low. Forthis reason, this section 
of the lead must be unshielded, must be no more 
than about one foot long, and must have no 
capacitors connected to it. The resistor should 
be rated at 2 watts and an end—to—end voltage 
of 7500 volts. 

Fai lure to include this resistor almost 
invariably results in tube damage. Damage 
usual ly consists of an open internal screen 
connection caused by excessive screen current. 

When attempts are made to operate such tubes, 

no l ight is observed coming from the phosphor 

screen. Mechanical damage to the phosphor 

screen can often be observed in non—operating 

tubes. 

Collector-Circuit Impedance. a 
lo,00D 

ohm 

(minimum) resistor must be in series with the 

lead to the col lector terminal. Capacitance 

to ground (or elsewhere) from the section of 

the lead between the resistor and the col lector 

terminal must be very low. For this reason, 

this section of the l ine must be unshielded, 

must be no more than about 3 feet long, and 

must have no capacitors connected to it. The 

resistor, to be protected in the event of a 

col lector short circuit, should be rated for 

service at 10 watts and 500 volts. 

Fai lure to include this resistor occasion—

al ly results in permanent damage to the storage 

surface due to excessive col lector current. 

This damage is local in extent and appears in 

the display as smal l permanent bright spots. 

However, not al l bright spots are caused by 

omission of this resistor. 

Excessive Writing-Beam Current Density. The 
writing—beam current density of any area of 
the storage grid should be no more than is 

necessary to write that area to saturated 
brightness during one scan of the writing beam. 

Excessive writing—beam current density can 
permanently damage the storage surface. 

Such damage ordinari ly is local in extent 

and appears as permanent l ight or dark areas 
or spots in the display, coincident with areas 

struck by the excessive writing beam. In 
severe cases, mechanical damage to the phosphor 
screen can be observed on the face of the non—
operating tube. 

Under ordinary operating conditions, suffi—
cient latitude exists in the maximum ratings 
so that asmal l degree of excessive writing—beam 
current density does not cause damage, unless 
prolonged for several hours. Nevertheless, 
it is strongly recommended that writing—beam 
current never be greater than that required 
for a given appl ication. 

During the operation of display—storage 
tubes, certain situations may arise that can 
quickly cause excessive writing—beam current 
density and consequent damage. These situations 
and safeguards against them are desc ri bed be I ow. 

Failure o.f Scanning. Fai lure of scanning 
whi le the writing beam is turned on results 
in excessive writing—beam current density 
which often results in local ized permanent 
storage—grid damage. Provision should be 
made to cut off the writing—beam current 
automatical ly in case of a scanning fai lure. 
The writing—beam current can be cut off by 
an electronic switch which appl ies —200 volts 
bias to grid No. l of the writing gun. This 
switch should be actuated by a portion of the 
scanning voltages appl ied to both sets of 
deflecting electrodes. 

Loss of Bias. Loss of writing—gun control —
grid bias, or loss of blanking, which causes 
the writing—gun control grid to be at or near 

zero bias, wi l l result in excessive writing—
beam current which may result in local ized 
permanent damage to the storage grid. 

Turning on Equipment. In some cases, the 
orderinwhich voltages are appl ied to display—
storage tubes when equipments are turned on 
can give rise to a situation of "no bias" or 
"no scanning". If writing—gun high voltage 
is appl ied before writing—gun bias, a zero—
bias condition wi l l exist. If writing—gun 
high voltage is appl ied before the writing—
gun deflection voltages, a "no scanning" 
condition wi l l exist. In these cases, damage 
as described above can occur. It is obvious 

that an extremely serious condition exists 
when the writing—gun high voltage is appl ied 
before either bias or deflection voltages. 

In some equipments, the appl ication of 
biastothe writing—guncontrol grid is delayed 
because of high impedance in the control—grid—
to—bias—supply return circuit. One way to 
avoid this condition is to use a time—delay 
relay, operating from the writing—gun high—
voltage switch, to connect the writing—gun 
control grid to a low—impedance point of the 
bias supply at a bias voltage sufficiently 
great to cut off the writing—gun beam unti l 

after the high voltage is appl ied. 
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To avoid a condition of runaway charging 
and possible tube damage, it is necessary 
that the viewing beam be operating before 
the writing beam is turned on. Al low the 
viewing—gun heater to reach operatingtempera—
ture, and al low the viewing—gun beam current 
to reach normal operating value beforeturning 
on the writing—gun beam current. Furthermore, 
always keep the viewing—gun beam on ti l l the 
writing beam is turned off. 

Runaway Charging. A condition of runaway 
charging of the storage grid may result if 

the writing beam is al lowed to land on the 
storage grid with the viewing beam turned 
off, if the writing beam is incident on an 
area of the storage grid not covered by the 
viewing beam, or even though the viewing beam 
is turned on if the current density in the 
writing beam exceeds that in the viewing beam. 
Such a runaway condition can occur because of 
the non—equi l ibrium writing process involved. 

Because the electrons in the writing beam 

land with an energy such that the secondary—
emission ratio of the storage—grid surface 
is greater than unity, this surface charges 
positively toward col lector potential. Nor—
mal ly, the landing on the storage grid of 
the viewing—beam electrons keeps any portion 
of the storage—grid surface from charging 
above viewing—gun cathode potential. When 
this l imiting action of the viewing beam is 
not present, the storage—grid surface may 

charge under the action of the writing beam 

to a value such that sparking occurs through 
the insulating layer between the storage—grid 
surface and the backplate. This sparking is 
observed as random bright flashes on the 
screen. In the event of sparking, permanent 
damage ( loss of the abi l ity to store a signal 
in local ized areas) to the storage grid may 
result. Such damage can sometimes be avoided 
if the writing process is quickly stopped. 

Reduced Viewing—Beam Diameter. 
storage tubes, the appl ication 
of voltage to the viewing—gun 

In many display—
of certain ranges 
grids wi l l cause 

the viewing beam to be focused into a smal l 
spot. In this condition, the viewing beam is 
quite intense and can change the secondary—
emission properties of the storage grid in the 
bombarded area. The voltage ranges assigned to 
the various viewing—gun grids in the technical 
bul letins under Maximum Ratings are chosen so 
that the viewing—beam current cannot be focused 
into a smal l spot. 

In summary, the fol lowing precautions must be 
fol lowed to protect the display—storage tube 
from inadvertent damage—

I. Do not exceed maximum ratings. 
2. Be sure to include the screen resistor. 
3. Be sure to include the col lector resistor. 

4. Do not apply excessive writing—beam current 
density. 

5. Protect against scanning fai lure. 

6. Protect against loss of bias. 
7. Apply voltages to tube in correct order. 
S. Never write unless viewing beam is on. 
9. Stay within recommended viewing—grid voltage 

ranges. 

GENERAL CONSIDERATIONS 
Handling. The display—storage tube should 

preferably be transported or handled with the 

face up. Care should be taken to prevent knocking 

or 'bumping the bulb terminals. Such rough treat—
ment may cause either immediate ordelayed cracking 
of the metal —glass seals. 

Suy~ort. Display—storage tubes which are not 
provided with an integral magnetic shield may be 
mounted by using a padded clamp around the neck 
of the tube and by sponge—rubber supports around 

the tube, except near the bulb caps. The tube 
should not be supported by the base or socket. 
Support for display—storage tubes having an 
integral magnetic shield is general ly effected 
by using padded clamps around the neck and Large 
diameter of the tube unless otherwise specified 
in the technical bul letins. 

Supporting systems for "ruggedized" display—
storage tubes should take into consideration 
mounting arrangements that wi l l take ful l advantage 
of the environmental ratings of the tube. 

Shielding. Magnetic shielding, if not integral 
in thedisplay—storage tube, should always be pro—
vided to prevent external fields from interfering 

with the required accurate control of the low—

velocit~ viewing beam. A cyl indrical shield of 
properly annealedhigh—permeabi l ity material about 
I/16—inch thick is usual ly satisfactory. The in—
tegral shielding provided in some display—storage 
tubes is satisfactory for most appl ications. 

Degaussing. Display—storage tubes suppl ied 
both with or without integral magnetic shields 
should be degaussed before being placed in opera—
tion. A degaussing coi l suitable for use with 
5—inch display—storage tubes may be made by '~.J 
winding 900 turns of No. l7 enameled wire on a 
7—inch diameter form 2 inches long. After con—
necting the coi l to a suitable supply l ine (220 
vac, 60 cps), slowly (taking at least 30 seconds) 
pass the display—storage tube through the coi l 
and then slowly withdraw it completely from the 
ac magnetic field. Repeat this procedure at 
least two times. The tube should be removed at 
least five feet distant from the coi l before 
disconnecting the coi l from the supply l ine. 

Deflection Considerations }or Electrostatic 
Tyfles. As with conventional osci l lograph tubes, 
balanced electrostatic—deflection circuitsshould 
be employed. Each pair of the deflecting elec—
trodes should be operated at an average potential 
about the same as that of grid No.4 of the writing 
gun. 
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Video-Drive Considerations. In most appl i-
cationstheinformation to be stored and displayed 
by the tube should be appl ied as a video signal 
to the control grid (grid No I l or cathode of 
the writing gun. The writing-gun control grid 
should never be more positive than necessary to 
write the display to saturated brightness for a 
given scanning speed and drive condition. In 
determining the writing-drive requi rements, it 
should be remembered that writing is essential ly 
a charge-depositing process. The instantaneous 
writing-beam current needed forsaturated writing 
varies di rectly with the speed at which the 
writing beam is deflected across the storage 
grid and varies inversely with the number of times 
a given storage element is written upon in one 
complete scan period. 

The high voltages at which display-storage 
tubes operate may be very dangerous. Great care 
should be taken in the design of apparatus to 
prevent the operator from coming in contact with 
the high voltages. Safety precautions include 

the enclosing of high-potential terminals and 
the use of interlocking switches to break the 
primary circuit of the power supply when access 
to the equipment is desired. 

In the use of high-voltage tubes, it should 

always be remembered that high voltages may appear 
at normal ly low-potential points in the circuit 

as a result of capacitor breakdown or incorrect 
circuit connections. Therefore, before any part 

of the circuit is touched, thepower-supply switch 
should be turned off, and both terminals of any 
capacitors grounded. 

The Use of Safety Glasses. It is recommended 
that shatter-proof protective glasses be worn 
when handl ing display-storage tubes having a 
diameter greater than 5 inches to help protect 
operators against tube implosion should the tube 
be accidental ly struck. 
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November 15, 1960 

RCA-7293-A 

NE4f1 FIELD MESH IMAGE ORTHICON 
FEATURING °'ANTI-GHOST" IMAGE-SECTION DESIGN 

Gentlemen: 

The new RCA-7293-A 3°' image orthicon camera tube promises to set 
new black-and-white TV-camera standards for quality and versatility° The 
7293-A is unilaterally interchangeable with the 7293. 

The use of field-mesh design in this tube produces pictures having a 
very flat blemish-free background; eliminates the problem of "port-hole'° 
or dark corners in the picture; greatly improves the sharpness in the 
corners of the picture; and eliminates troublesome white-edge effects due to 
scanning beam bending. 

One of the additional important features of the 7293-A is the anti-ghost 
image section designed to suppress the annoying highlight flare or °°ghost" 
that can occur beside brightly illuminated areas when the tube is operated 
°'over the knee" in black-and-white cameras. 

This tube will fill requirements for ahigh-quality black-and-white 
camera tube for indoor or outdoor service in present cameras, and satisfy 
the demand for higher quality pictures for recording purposes. 

Additional features of the 7293-A include: 

1. A suppressor grid designed to provide ablemish-free background 
and to maintain a low level of noise in the output, 

2. A high-gain first dynode for high signal output. 
3. Tight limits on these important performance characteristics: 

* Signal-to-noise ratio. 
* Landing or highlight uniformity. 
* Shading or background uniformity. 
* Resolution (Amplitude response). 

4. RCA's traditionally high sensitivity and long life. 

A technical bulletin for the 7293-A is being prepared and will be sent 

to you when available. 
Very truly yours, 

I:FS:mlm 
R. F. SIMOKAT 
Licensee Service 



The image section of the 

7293-A is designed especial ly 

to provide proper geometry and 

to suppress highl ight flare 

or "ghost" that may occur when 

the 7293-A is operated with 

picture-highl ight areas sub-

stantial ly above the "knee" of 

the l ight transfer character-

istic. Other features include 

the use of a field-mesh which 

improves corner shading and 

geometry as wel l as permitting a sharp black-to-

white transition without spurious effects. The 

use of a suppressor grid maintains at aloes level 

the noise component in the output signal and 

also provides a smooth, blemish-free background. 

An additional feature of the 7293-A is a high-

gain first dynode that assures an output-signal 

level wel l above t~`e noise level of subsequent 

ampl ifier stages. 

The photocathode uti l ized in the 7293-A is 

characterized by a spectral response having high 

7293-A 
IMAGE ORTHICON 

Magnetic Focus 
Magnetic Deflection 

Anti-Ghost Image-Section Design 
For Outdoor and Studio 

Black-and-White TV Cameras 

3"-Diameter Bulb 
15.20" Length 

RCA-7293-A is an image orthicon type of blue sensitivity, high green sensitivity, good 

television camera tube intended for both out- red sensitivity, and practical ly no infrared sen-

door and studio pickup. It has exceptional ly sitivity. This latter characteristic of the re-

high sensitivity combined witha spectral response spouse prevents any color-masking by infrared, 

approaching that of the eye. and thus permits gray-scale rendition of colors 

The 7293-A is very stable in in nearly their true tonal gradation. 

performance at al l incident 

l ight levels on the scene 
DATA 

ranging from bright sunhight 

(several thousand footcandles) 
General: 

Heater, for Unipotential Cathode: 
to a deep shadow lone foot- voltage (Ac or DC) 6  3 t lox volts 
candle or less). Commercial ly Current at 6.3 volts 

acceptable pictures can be 
Direct Interelectrode Capacitance (Approx.): 

Anode to all other electrodes 12 pf 
o bta i ned at i nc i dent I i g ht Spectral Response  S-10 

levels greater than about 

10 footcandles. The sensi-

tivity of the 7293-A is equiva-

0  6 ampere 

Wavelength of Maximum Response. 4500 t 300 angstroms 
Photocathode, Semitransparent: 

Rectangular Image (4 x 3 aspect ratio): 
Useful size of 1  8" max. Diagonal 

Note: The size of the optical image focused on the 
lent to photographic fi lm having photocathode should be adjusted so that its maximum 
an ASA exposure index of 8000. diagonal does not exceed the specified value. The 

corresponding electron image on the target should 
have a size such that the corners of the rectangle 
just touch the target ring; a condition that may 
be achieved in some camera designs with a 1.6" 
diagonal image on the photocathode. 

Orientation of  Proper orientat ion is 
obtained when the vertical scan is essentially 
parallel to the plane passing through center of 
faceplate and pin 7 of the shoulder base. The 
horizontal and vertical scan should preferably start 
at the corner of the raster nearest pin 6 of the 
shoulder base. 

Focusing Method  Magnetic 
Deflection Method   Magnetic 
Overall Length  15.20" t 0.25" 
Greatest Diameter of Bulb   3.00" t 0.06" 
Shoulder Base   Keyed Jumbo Annular 7—Pin 
End Base Small—Shell Diheptal 14—Pin Base 

(JEDEC No.B14-45) 
Operating Position The tube should never be 

operated in a vertical position with the diheptal—
base end up nor in any other position where the 
axis of the tube with the Dase up makes an angle of 
less than 20o with the vertical. 
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Weight (Approx  )
Minimum Deflecting-Coil Inside Diameter  
Deflecting-Coil Length 
Focusing-Coil Length  10" 
Alignment Coil: 
Length  15/16" 
Position on Neck  Centerline of coil located 

8.5" from the flat area of 
the jumbo annular base. 

Photocathode Distance Inside End of Focusing Coil. 1/2" 

Maximum Ratings, Absolute-Maximum Values:a
PHOTOCATHODE: 
Voltage  
Illumination 

OPERATING TEMPERATURE: 
Of any part of bulb  
Of bu1D at large end of tube 
(target section)  

TEMPERATURE DIFFERENCE: 
Between target section and any part of 

bulb hotter than target section 5 max. 
GRID-No.6 VOLTAGE   -700 max. 
TARGET VOLTAGE: 

Positive value  10 max. 
Negative value  10 max. 

GRID-No.5 VOLTAGE   150 max. 
GRID-No.4 VOLTAGE   350 max. 
GRID-No.3 VOLTAGE   400 max. 
GRID-No.2 ~ DYNODE-No.i VOLTAGE 350 max. 
GRID-No.1 VOLTAGE: 

Negative bias value   125 max. 
Positive bias value   0 max. 

PEAK HEATER-CATHODE VOLTAGE: 
Heater negative with respect 
to cathode 

Heater positive with respect 
to cathode 

ANODE-SUPPLY VOLT AGEb  
VOLTAGE PER MULTIPLIER STAGE 

1 lb 2 oz 
2-3/8" 

5" 

Typical Operating Values:c

Photocathode Voltage 
(Image Focus)  

Grid-No.6 Voltage (Accelerator)—
Approx. 65% to 75% of photo-
cathode voltages 

Target-Cutoff Voltagef 
Grid-No.5 Voltage (Decelerator)  
Grid-No.4 Voltage (Beam Focus) 

Grid-No.3 Voltage9 
Grid-No.2 d Dynode-No.i Voltage  
Grid-No.i Voltage for Picture 
Cutoff 

Dynode-No.2 Voltage  
Dynode-No.3 Voltage  
Dynode-No.4 Voltage  
Dynode-No.5 Voltage  
Anode Voltage  
Target Temperature Range 
Minimum Peak-to-Peak Blanking 

Voltage  
Field Strength at Center pf 

Focusing Coil (Approx.) . 
Field Strength of Al ignment 

Coil  

-700 max. 
50 max. 

65 max. 

35 min. 

125 max. 

10 max. 
1350 max. 
350 max. 

-325 to -475 

-210 to -360 

—3 to +1 
o to uo 

1uo to 180 
260 to 300 

300 

-45 to -115 
600 
800 
1000 
1200 
1250 

35 to u5 

5 

75 

o to 3 

volts 
fc 

oC

oC

oC

volts 

volts 
volts 
volts 
volts 
volt s 
volts 

volts 
volts 

volts 

volts 
volts 
volts 

volts 

volts 
volts 
volts 
volts 

volts 
volts 

volts 
volts 
volts 
volts 
volts 
volts 

oC 

volts 

gausses 

gausses 

Performance Data: 

Aithconditions shown under TypicalOperating Values and 
with camera lens set to bring pictuuwe highlights 1 slob 
above the "knee" of the light transfer characteristic. 

Nin. Average Max. 

Cathode Radiant 
Sensitivity at 
4500 angstroms  - 0.028 - µa/µw 

Luminous Sensitivity 
(28700 K)   30 60 - µa/lm 

Anode Current (DC). - 30 50 µa 

Si nal-Output Current 
Peak to Peak)  5 - 30 µa 

Ratio of Peak-to-Peak 
Highlight Video-Signal 
Current to RMS Noise 
Current for Bandwidth 
of 4.5 Mc 35.1 u0:1 

Photocathode Illumina-
tion at 28700 K Required 
to Reach "Knee" of Light 
TransferCharacteristic. - 0.010 0.028 fc 

Amplitude Response at 
400 TV Lines per 
Picture Height (Per 
cent of large-area 
black to large-area 
White)J   40 60 - % 

Limiting Horizontal 
Resolution  500 - - TV Lines 

Uniformity:k
Ratio of Shading 
(Background) Signal 
to Highlight Signal - - 0.15 

Decrease from Peak 
Highl ight Signal Level 
of Signal from any 
Point on Scanned Area 
of Target   - - 25 % 

e The maximum ratings in the tabulated data are established in 
accordance with the following definition of the Absolute-
Maximum Rating System for rating electron devices. 
Absolute-Maximum ratings are limiting values of operating and 
environmental conditions applicable to any electron device of 
a specified type as defined by its published data, and should 
not be exceeded under the worst probable conditions. 
The device manufacturer chooses these values to provide accept-
able serviceabil ity of the device, taking no responsibility 
for equipment variations, environment variations, and -the 
effects of changes in operating conditions due to variations 
in device characteristics. 
The equipment manufacturer should design so that initially and 
throughout l ife no Absolute-Maximum value for the intended 
service is exceeded with any device under the worst probable 
operating conditions with respect to supply-voltage variation, 
equipment component variation, equipment control adjustment, 
load variation, signal variation, environmental conditions, 
and variations in device characteristics. 

b Dynode-voltage values are shown under Tybical Operating Values. 

c With 7293-A operated in RCA-TK-11 or -TK-31 camera. Other 
cameras may require slightly different voltage ranges. 

d Adjust for best focus. 
e For minimum highlight flare or "ghost" the grid-No.6 voltage 

should be 73% of the photocathode voltage. 

~ Normal setting of target voltage is +2 volts from target cutoff. 
The target supply voltage should be adj ustable from-3 to+5 volts. 

g Adjust to give the most uniformly shaded picture near maximum 
signal. 

h Direction of current should be such that anorth-seeking pole is 
attracted to the image end of the focusing coil, with the indi- 
color located outside of and at the image end of the focusing coi 1. 

J Measured with amplifier having flat frequency response. 
k Wlth uniform illumination on photocathode. 

SET—UP PROCEDURE 
The set—up procedure used forfield—mesh type 

image orthicons l ike the 7293—A differs in the 

fol lowing respects from that to be used for 

image orthicons that do not employ field—mesh 

design. First, the deflecting yoke used with the 

7293—A must be rotated to produce a picture having 

proper horizontal scan. Secondly, because the 
dynode aperture of the 7293-A cannot be brought 

into focus different al ignment techniques must 

be used. Thirdly, the 7293-A may not be operated 

on certain grid-No.4 voltage loops because of 

severe mesh-beat patterns that result. 

To obtain optimum performancefrom the 7293-A 

the fol lowing set-up procedure should be care-

ful ly fol lowed. 



n 
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Before the proper voltages are appl ied to the 
tube as indicated under Ty¢ical Operating Values, 
the lens should be uncapped and the lens iris 
opened. This is a very important step for this 
type o,f image orthicon. The proper voltages 
should then be appl ied to the 7293—A, and the 
grid—No. l voltage should immediately be adjusted 
to produce a smal l amount of beam current. This 
p rocedure w i l t p revent t he mesh from being 
electrostatical ly pul led into contact with the 
glass disc. Make certain that the deflection 

circuits are functioning properly to cause the 
electron beam to scan. the target. Adjust the 
deflection circuits so that the beam wi l l "over—
scan" the target, i.e., so that the area of the 
target scanned is greater than its sensitive 
area. This procedure during the warming—up 
period is recommended to prevent burning on the 
target a raster smal lerthanthat used for on—the—
air operation. Note that overscanning the target 
results in a smal ler—than—normal picture on the 
monitor. The lens should then be capped and the 
tube should be al lowed to warm up for I5 minutes 
to one—half hour before use or before other 
adjustments are made. 

Next, uncap the lens and partial ly open the 
lens iris. Increase the target voltage unti l 
information appears on the monitor. Then adjust 
beam focus, image focus, and optical focus unti l 
detai l can be discerned in the picture. Adjust 
al ignment—coi l —current controls unti l picture 
response is maximum. If picture appears in 
negative. contrast, increase the beam current. 

Further adjust the al ignment—coi l current so that 

the center of the picture does not move when the 
beam—focus control (grid—No.4) is varied, but 
simply goes in and out of focus. During al ign—
ment ofi the beam, and also during operation of 
the tube, always keep the beam current as low 
as possible to give the best picture qual ity and 
also to prevent excessive noise. 

Next, focus the camera on a test pattern. 

The camera—to—test pattern distance should be 

setso that the corners of the test—pattern image 

just touch the inside of the target ring. The 
deflection circuits are next adjusted so that 

the entire test pattern just fi I is the TV raster. 
The target voltage is then advanced or reduced to 
the point where a reproduction of the test pattern 
is just discernible on the monitor. This value 
of target voltage is known as the "target—cutoff 

voltage". The target voltage should then be 

raised exactly two volts above the cutoff—voltage 
value, and the beam—current control adjusted to 

give just sufficient beam current to discharge 
the highl ights. 

Then adjust the lens to produce best optical 
focus, and the voltage on the photocathode as 
wel l as the voltage on grid No.4 to produce the 
sharpest picture. To prevent mesh—beat problems, 
the voltage on grid No.4 should be adjusted to a 
value between 150 and 180 volts. 

Proper adjustment for suppression of high—

l ight flare or "ghosts" and proper geometry is 
obtained when the grid—No.6 voltage is accurately 
set at 73 per cent of the photocathode voltage. 
This adjustment may be effected by positioning a 
smal l bright spot of l ight on the edge of .the 
field to be viewed and then adjusting the grid—

No.6 voltage so that the "ghost" that appears on 
the viewing monitor disappears as the image 
sectionis brought into sharpest focus. Improper 

adjustment is evident when a l ight spot that is 
observed on the right edge of the viewing monitor 
produces a "ghost" that appears above the spot 
and when a l ight spot observed on the left edge 
of the viewing monitor produces a "ghost" that 
appears below the spot. 

Grid No.5 should then be adjusted to produce 

the best compromise between high signal output 
in the picture corners and best geometry. Best 
geometry is evident by a rectangular raster 
and the absence of "S" distortion of straight 
l ines. 

After adjustment of the image section vo I tapes, 
grid—No.3 voltage should be set for maximum 
signal output. The deflecting yoke and the 7293—A 
should be rotated, if necessary, so that the 
horizontal scanning of the camera is paral lel to 
the horizontal plane of the scene. 

Final ly, readjust the target voltage so that 
it is accurately set to 2 volts above target cut—
off. With the lens open, the lens iris should 
be opened to one or two lens stops beyond the 
point where the highl ights of the scene reach 
the knee of the l ight transfer characteristic. 

The .information shown on the fol lowing pages 
under Operating Considerations, Camera—Design 
Considerations, Principles of Operation, and 
Dos and Donets is simi lar to that recommended 
for at her 3—inch image orthicons employing 
fi ield—mesh design. 

OPERATING CONSIDERATIONS 

The 7293—A has two complementary guides for 

i nsert ing the tube correctly i n the annular socket, 
i

.e., the large pin (No.7) on the annular base, 
and the white radial .l ine on the face of the bulb. 

Installation of the 7293—A in the camera is 

accompl ished by inserting the diheptal—base end 

of the tube through the coi l assembly and then 

turning the tube unti l the annular—base pins, 
keyed by pin 7, can be inserted in the annular 

socket. Proper insertion al igns the white radial 

l ine on the face with center of the key—pin hole 

in the annular socket. The diheptal socket is 
then put on the 14—pin base. 

Underscanning the target, i.e., scanning an 

area of the target less than 'its sensitive area, 
should never by permitted. Underscanning 
produces a larger—than—normal picture on the 
monitor. If the target is underscanned for any 
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length of time, a permanent change in target— the 7293—A with proper i l lumination wi l l have an 

cutoff voltage of the underscanned area takes equivalent ASA exposure index of 8000. This 

place with the result that the underscanned equivalent fi lm—speed rating can be used in 

area thenceforth is visible in the picture when conjunction with a photographic exposure meter to 

determine the approximate l ight level or lens—

stop setting necessary for operating the 7293—A. 

The i l lumination on the photocathode of the 

7293—Ain relation to the scene i l lumination, can 

be determined by the fol lowing relationship: 

4f 2 Ip c (m+ I ) z
Is = 

ful l—size scanning is restored. 
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Fig. i — Spectral Sensitivity Characteristic of Type 

7293—A which has S—zo Response. Curve is shown for 

Equal Values of Radiant Flux at All Wavelengths. 

During standby operation the lens of the 

camera should always be closed or capped. An 

effectivemethodof performingthesame end result 
is to cut off the photocathode voltage by means 

of a switch. The camera wi l l instantly be ready 

for operation when the photocathode voltage is 

again turned on. Never turn off the beam during 

camera warm up or during standby operation. 

The light transfer characteristics of the 

7293—A change for different i l lumination levels 

(see Reference 31. The basic l ight transfer 

characteristic of the 7293—A is shown in Fig.2. 
The l ight values shown are .appl icable only for 
the indicated kinds of i l lumination incident on 

the photocathode. This curve is representative 
only for smal l —area highl ights. 

TR 

where 

Is = scene i l lumination in footcandles 

f = f—number of lens 

Ip~ = photocathode i l lumination in footcandles 

m = l inear magnification from scene to target 

T = total transmission of lens 

R = reflectance of principal subject in scene 

Except for very close shots, the l inear magni—

f icat i on (m l from scene to target may be neg I ected. 

For example, assume that the lens is fa l l 

having atransmission (T) of 80~, that the photo—

cathode i l lumination is 0.020 footcandle, and 

that the scene to be televised has a highl ight 

reflectance (R) of 75%. 

Then, 

4 x 1 1 2 x 0.020
Is — = 16 footcandles 

0.8 x 0.75 

The exact i l lumination for each 7293—A as 

final ly set up on the scene should be determined 

T
Y

P
IC

A
L
 

S
IG

N
A

L
 

O
U

T
P

U
T

-M
IC

R
O

A
M

P
E

R
E

S
 

~ 
N

 
A

 
P 

P
- 

N
 

A
 

P
 

P
 O

 

ILLUMINATION: 
LIGHT,OR 

FOR SMAL 

TUNGSTEN 
WHITE FLUORESCENT. 

L-AREA HIGHLIGHTS. 

LIGHT, DAY-

2 6 6 B 2 6 6 B 2 4 6 8 2 4 4 B 
o.000l o.00l 

HIGHLIGHT ILLUMINATION 
ool o.l 

ON PHOTOCATHODE -FOOTCANDLES 

9205-7296R2 

Sensitivity and Illumination: The image 
Fig.2— Basic Light Transfer—Characteristic 

orthicon is an ultra—sensitive device exceeding 
in relative sensitivity most high—speed photo— by observing the video waveform on an osci l lo—
graphi.c fi lm. When related to photographic fi lm scope. First adjust the lens setting of each 

and compared at shutter speeds of 1/60 second camera to that level of l ight necessary to reach 

which is the field rate of the television system, the knee of the l ight transfer characteristic. 

of a Typical Type 7293—A• 
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The camera lens is then normal ly set to bring 
picture highl ights one stop above the knee of 
the transfer characteristic. 

For very high i l lumination or for individual 
tubeswith exceptional ly high photocathode sensi—
tivity, it may not be possible to stop the lens 
down far enough to reduce the highl ight i l lumi—
nation on the photocathode to a value near the 
knee of the transfer characteristic. When such 
a condition is encountered, the use of a Wratten 
neutral fi lter selected to give the required re—
ductionin i l luminationis recommended. Ordinari—
ly, two fi lters—one having 1090 transmission and 
the other 20~---wi l l give sufficient choice. Such 
fi lters with lens—adapter rings can be obtained 
at photographic—supply stores. 

The low i l lumination level needed on the 
photocathode of the 7293—A makes it necessary 
that no stray l ight from without or within the 
camera fal ls on the face of the tube. 

Retention of a scene by the 7293—A sometimes 
cal led a "sticking picture", may be experienced 
if the 7293—A is al lowed to remain focused on a 
stationary bright scene, or if it is focused on 
a bright scene before reaching operating tempera—
ture in the range from 35° to 45° C. Often the 
retained image wi l l disappear in a few seconds, 
but sometimes it may persist for long periods 
before it completely disappears. A very per—
sistent image can general ly be removed by 
focusing the 7293—A on a clear white screen 
and al lowing it to operate for a period of time 
with an i l lumination of about I footcandle 
on the photocathode. 

To minimize retention of a scene, it is recom—
mended that the 7293—A always be al lowed to warm 
up in the camera for I/4 to I/2 hour with the lens 
iris closed and with a sl ight amount of beam 
current. Never al low the 7293—A to remain focused 
on a stationary bright scene, and never use more 
i l lumination than is necessary. 

Occasional ly, a white scot which does not 

change in size when the beam—focus voltage is 

varied, may be observed in the center of the 

picture. Such a spot, especial ly if it is visible 
on the monitor with the camera lens capped, is 
probably an ion spot. If the spot begins to grow 
in size with continuous operation, the 7293—A 
should be removed from service at once, and re—
turned for re—processing. Continued operation 
of an image orthicon with an ion spot wi l l eventu—
al ly damage the target permanently. 

New 72gg—A's should be placed in service 

immediately upon receipt. They should be 
operated for several hours before being set 

aside as spares. 

Spare 7agg—A's should be placed in service 
for several hours at least once a month in 
order to keep them free from traces of gas 
which may be l iberated within the tube during 
prolonged storage. 

CAMERA—DESIGN CONSIDERATIONS 

Considerations in the design of cameras uti—
l izing 7293—A's include provision for: position—
ing the axis of the 7293—A to al ign with the 
electrical axis of its focusing—coi l field; po—
sitioning the deflecting yoke at the proper point 
along the axis of the tube; centering the de—
flecting yoke around the axis of its associated 
focusing coi l; and positioning each 7293—A at 
the same relative position in its associated 
focusing—coi l field. 

The camera should be designed so that the 
7293—A is positioned in such a manner that the 
start of scan of the raster is on the same side 
of the tube as pin 7 of the jumbo annular base. 
Furthermore, start of scan should begin at the 
cornerofthe scanned area that is located clock—
wise from pin 7 of the jumbo annular base when 
the tube is viewed from the faceplate end. 

The deflecting yoke and focusing coil used 
with the '72gq—A must incorporate means for pre—
venting the magnetic field produced by the de—
flecting yoke from extending into the image 
section of the tube. Unless proper shielding is 
provided, cross—talk from the deflecting yoke 
into the image section wi l l cause the electron 
image to "jitter". This jitter produces a loss 
of picture sharpness. It is common practice to 
enclose the focusing coi l in a cyl indrical 
magnetic shield. Additional shielding can be 
provided by fitting the inside portion of the 
focusing coi l which is directly over the image 
section of the 7293—A with a copper cyl inder 
having a length of approximately 2—I/4" and a 
wal l thickness of I/32". 

If the above camera—design considerations 
are fol lowed, the optical focus, the image size, 
and the centering from tube to tube wi l l be very 
uniform. 

To uti l ize the resolution capability of the 
7293—A in the horizontal direction with the 
standard scanning rate of 525 l ines, it is 
necessary to use a video ampl ifier having a 
bandwidth of at least 6 megacycles. 

Even with a wide—band ampl ifier, the reso—
lution may be l imited in the image section by 
"cross—talk" caused by the scanning fields. 
Unless prevented by proper shielding from extending 
into the image section, these fields wi l l cause 
the electron image on the target to move at 
scanning frequency. As a result, the picture 
wi l l lack definition. 

A blanking signal should be suppl ied to the 
targetto prevent the electron beam from striking 
the target during the return portions of the 
horizontaland vertical deflecting cycles. Unless 
this is done, the camera—tube return l ines wi l l 
appear in the received picture. 

The blanking signal is a series of negative 
voltage pulses. The voltage between pulses must 

—5—



be constant to prevent fluctuation of the target 
voltage. During the blanking period, the ful l 
beam current without video—signal modulation is 

returned to the multipl ier and its multipl ied 

output flows through the load resistance. Ex—

cessive amounts of blanking voltage appl ied to 

the target wi l l impair resolution, because during 

retrace the targetis out of focus to the continu—

ously flowing photocathode current. A desirable 

amount of target blanking is 6 volts peak to peak. 

Shading may be required even with optimum 
adjustment of voltage on grid No.3 in order to 
obtain a uniformly shaded picture. A sawtooth 

waveform of adjustable ampl itude and polarity at 

both the vertical— and horizontal —scanning 

frequency should be provided for insertion in the 

video ampl ifier to aid in obtaining a flat bacK—

ground. The shading signal should be introduced 

in the ampl ifier after clamping is performed, 
because clamping ci rcuits wi l l remove the 
vertical—frequency shading component if added 
previous to the clamp—circuit location. 

Failure of scanning even for a few minutes 
when l ight is incident on the photocathode may 
permanently damage the surface of the target. 
The damaged area shows up as a spot or l ine in 
the picture during subsequent operation. 

To avoid damaging the 7293—A during scanning 
fai lure, provision should be made to prevent 
automatical lythe scanning beam from reaching the 
target. The scanning beam can be prevented from 
reaching the target by ( I ) cutting off the scanning 
beam, or (2) making the target sufficiently neg—
ative. The scanning beam can be cut off by a 
relay which appl ies —1 15 to —125 volts bias to 
grid No. 1. The target can be made sufficiently 
negative by a relay which appl ies a bias of at 
least —10 volts to it. Either relay is actuated 
by a tube which is control led by a portion of 
the scanning pulse voltage developed across either 
the horizontal or the vertical deflecting coi ls, 
or both. It is important to insure that the 
horizontal scanning pulse and the vertical scan—
ning pulse should each independently actuate the 
relay in case either one fai ls. 

The operating temperature of any part of the 
glass bulb should never exceed 50° C, and no part 
of the bulb at the large end of the tube l i-mage 

section) shouldever fal l below 35° C during oper—

ation. For best results, it is recommended that 

thetemperatureoftheentire bulb be held between 

35° and 45° C. Operation at too low a temperature 
wi I I be characterized by the appearance of a rapid—
ly disappearing "sticking picture" of opposite 
polarity from the original when the picture is 
moved. Operation at too high a temperature wi l l 
cause loss of resolution and possibly permanent 
damage to the tube. The loss of resolution is 
caused by the decreasing resistivity of the target 
glass disc with increasing temperature. As a 
result, lateral leakage of the image charge occurs. 

Resolution is regained by waiting for the temper—

ature to drop below 50° C. No part of the bulb 
should run more than g° C hotter than the image 

section to prevent cesium migration to the target. 

Such migration yai l l result in loss of resolution 

and in probably permanent damage to the tube. 

Like otherphotosensitive devices employing cesium, 

the 7293—A may show fluctuations in performance 

from time to time. Strict observance of the 
above recommendations with respect to operating 
temperature wi l t not completely el iminate these 
variations but wi l l greatly improve the stabi l ity 

of the characteristics during the l ife of the 
tube. 

A mask having a diagonal or diameter of I.S 

inches should always be used on the photocathode 

to reduce the amount of l ight reaching unused 

parts of the photocathode. 

The optical system used with the 7293—A should 

be designed according to basic optical principles 

and should incorporate control of the amount of 

l ight entering the television camera lens. This 

control may consist of an iris or an iris and 

suitable neutral—density fi lters. The entire 

optical system should have al l inside surfaces 

finished in mat black to prevent internal re—

flections from reaching the photocathode. Under 

almost al l conditions, the use of a lens shade 

is beneficial. 

PRINCIPLES OF OPERATION 

The 7293—A has three sections—an image sec—
tion, a scanning section, and a multipl ier sec—
tion. 

Image Section 

The image section contains 
photocathode on the inside of 

grid (grid No.6) to provide an 
celerating field, and a target 

a thin glass disc with a fine 

a semitransparent 

the faceplate, a 

electrostatic ac—
which consists of 

mesh screen very 

closely spaced to it on the photocathode side. 
Focusing is accompl ished by means of a magnetic 
field produced by an external coi l, and by the 
proper selection of photocathode voltage and 
grid—No.6 voltage. 

Light from the scene being televised is picked 

up by an optical system and focused on the photo—

cathode which emits electrons from each i l lumi—

nated area in proportion to the intensity of the 

l ight striking the area. The streams of electrons 

are focused on the target by the magnetic and 
accelerating fields. 

On striking the target, the electrons cause 
secondary electrons to be emitted by the glass. 

The secondaries thus emitted are col lected by the 
adjacent mesh screen which is held at a definite 
potential of several volts with respect to target—

cutoff voltage. Therefore, the potential of the 
g lass disc is l imited for al l values of l ight 
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and stable operation is achieved._ Emission of 
the secondaries leaves on the photocathode side 
of the glass a pattern of positive charges which 
corresponds with the pattern of l ight from the 
scene being televised. Because of the thinness 
of the glass, the charges set up a simi lar poten—
tial pattern on the opposite or scanned side of 
the glass. 

Scanning Section 

The opposite side of the glass is scanned by 
a low—velocity electron beam produced by the 
electron gun in the scanning section. This gun 

contains a thermionic cathode, a control grid 
(grid No. I ), and an accelerating grid (grid No. 2). 
The beam is focused at the target by the magnetic 
field of an external focusing coi l and the elec—
trostatic field of grid No. 4. 

Deflection of the beam is accompl ished by 
transverse magnetic fields produced by external 
deflecting coi ls. 

Al ignment of the beam from the gun is accom—

pl ished by a transverse magnetic field produced 

by external coi ls located at the gun end of the 

focusing coi l. 

By proper adjustment of potentials including 
that of grid No. 5, the beam is caused to approach 

the target perpendicularly and with essential ly 

zero velocity. The electrons stop their forward 
motion at the surface of the glassTand are turned 

back and focused into a five—stage signal multi—

pl ier, except when they approach the positively 

charged portions of the pattern on the glass. 

When this condition occurs, they are deposited 

from the scanning beam in quantities sufficient 

to neutral ize the potential pattern of theglass. 
Such deposition leaves the glass with a negative 
charge on. the scanned side and a positive charge 
on the photocathode side. These charges neutral—

ize each other by conductivity through the glass 
in less than the time of one frame. 

The target end of the grid—No.4 cyl inder is 

covered by a fine—mesh screen of high transmission. 
Thisscreen, the ,field mesh, acts to increase the 

strength of the decelerating field immediately 

in front of the target. The increased strength 

of the field aids in causing the beam to approach 

the target perpendicularly at al l points an the 
target. The enhanced field also prevents the 
charge pattern on the target from bending the 
beam away from its proper trajectory. The over—
al l result of these two effects is to enable the 
7293—A to produce apicture that is relatively free 
of unwanted bright edges or overshoots at the 
boundary of brightly i l luminated portions of a 

scene. The field mesh also defocuses the return 

beam so that the texture of the first dynode does 
not appear in the background of the picture. 

Multipl ier Section 

The return beam is directed to the first dynode 

of a five—stage electrostatical ly focused multi—

pl ier. This uti l izes the phenomenon of secondary 
emission to ampl ify the modulated beam current 
more than 500 times. The electrons in the beam 
impinging on the first—dynodesurface produce many 
other electrons. These secondary electrons are 
then directed to the second dynode and knock out 
more new electrons. 

Grid No.3 faci I itatesamorecompletecol lection 
by dynode No.2 of the secondaries from dynode 
No. l. The multiplying process is repeated in 
each successive stage, with an ever—increasing 

stream of electrons unti l those emitted from dy—
node No.5 are col lected by the anode and consti—

tute the current uti l ized in the output circuit. 

The multipl ier section ampl ifies the modulated 
beam more than 500 times. 

The signal—to—noise ratio of the output signal 
from the 7293—A is high. The gain of the multi—
pl ier is such as to raise the output signal suf—
ficiently above the noise level of the video amp—
l ifier stages so that they contribute no noise 

to the final video signal. The signal—to—noise 

ratio of the video signal, therefore, is deter—

mined only by the random variation in the quantity 

of the electrons in the modulated electron beam. 

DOS and DON'TS 
on Use of RCA-7293-A 

Here are the "dos" 

I. Allow the 7293-A to warm up prior to operation. 

2. Hold temperature of the 7293-A within operating range. 

3. Make sure al ignment coil is properly adjusted. 

4. Adjust beam-focus control for best usable resolution. 

5. Condition spare 7293-A's by operating several hours 
once each month. 

6. Determine proper operating point with target voltage 
adjusted to exactly 2 volts above target cutoff. 

7. CaD lens during standby operation. 

8. Uncap tens before voltages are appl ied to the 7293-A. 

Here are the "don'ts" 
I. Don't force the 7293-A into its shoulder socket. 

2. Don't operate the 7293-A without scanning. 

3. Don't underscan target. 

4. Don't focus the 7293-A on a stationary bright scene. 

5. Don't operate a 7293-A having an ion spot. 

6. Don't use more beam current than necessary to discharge 
the highlights of the scene. 

7. Don't turn off beam whi le voltages are appl ied to 
photocathode, grid No. 6, target, dynodes, and anode 
during warm up or standby operation. 

REFERENCES 

1. R. B. Janes, R. E. Johnson, and R. S. Moore, Destign rr 

and Performance of Television Camera Tubes", RCA 
Review, June, 19u9. 

2. R. B. Janes, R. E. Johnson, and R. R. Handel, "A Aew 
Image Orthicon", RCA Review, December, 19u9. 

3• R. B. Janes and A. A. Rotow, "Light Transfer Charac-
teristics of Image Orthicons", RCA Review, September, 
1950. 

u. A. A. Rotow, "Reduction of Syurious Signals in Image 
Orthicon Cameras", Broadcast News, February, 1955. 

5. R. G. Neuhauser, "Sensitivity and Notion Cayturing 
Ability of Television Camera Tubes", Jour. of SMPTE, 
July, 1959. 

— 7 — 



DIMENSIONAL OUTLINE 

3. 
DIA ~  Jt .135" - 025" 

~ i 
2.56 
±,12 

I 
i 1 

.425" 
}.025" 

.040~~ 
}.002" DIA. 

6 PINS 

— JUMBO 
ANNULAR 

7-PIN BASE 

1520 
±.25 

z.ao"'_.obi
aA. 

BASE 
DEC GROUPS 
NQ 814-45 

i 2.500"DIA. 

38.5"} 
IOo -~~ .093~~t.003" 

DIA. 

ENLARGED BOTTOM VIEW 
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ANNULAR BASE GAUGE 

ANGULAR VARIATIONS BETWEEN PINS AS WELL AS 
ECCENTRICITY OF NECK CYLINDER WITH RESPECT 
TO PHOTOCATHODE CYLINDER ARE HELD TO TOLER-
ANCES SUCH THAT PINS AND NECK CYLINDER WILL 
FIT FLAT-PLATE GAUGE WITH: 

a. SIX HOLES HAVING DIAMETER OF 0.065"} 
0.001" AND ONE HOLE HAVING DIAMETER OF 
0.150" t 0.001". ALL HOLES HAVE DEPTH 
OF 0.265" t 0.001'. dHE SIX 0.065" 
HOLES ARE ENLARGED BY u5 TAPER TO DEPTH 
OF O.Ou7". ALL HOLES ARE SPACED AT 
A NGLES OF 5126' t 5' ON CIRCLE DIAMETER 
OF 2.500" t 0.001". 

b. SEVEN STOPS HAVING HEIGHT OF 0.187" 
t 0.001", CENTERED BETWEEN PIN HOLES, 
TO BEAR AGAINST FLAT AREAS OF BASE. 

c. RIM EXTENDING OUT A MINIMUM OF 0.125" 
FROM 2.812" DIAMETER AND HAVING HEIGHT 
OF 0.126" t 0.001". 

d. NECK-CYLINDER CLEARANCE HOLE HAVING 
DIAMETER OF 2.200" t 0.001". 

PrN 1: 
PIN 2: 

PIN 3: 
PIN u: 

PIN 5: 

PIN 6: 
PIN 7: 

PIN 8: 

NOTE: 

PIN 1: 

PIN 2: 

PIN 3: 

PIN >!: 

DETAIL OF BOTTOM VIEW 
OF JUMBO ANNULAR BASE 

CROSS-HATCHED 1,315"R. MIN. AREA IS FLAT 

/ 1,185~R.MAX. 

y 

SEE NOTE I 

25'  43 

.5"MIN. 

92CM-829383 

BASING DIAGRAM 

Bottom View 

DpERPENDICULAR TO~ 
LARGE END OF TUBE 

v 
WHITE INDEX LINE 

ON FACE 

SMALL-SHELL DIHEPTAL 14-PIN BASE 

HEATER 

GRID No.0 d 
FIELD MESH 

GRID No.3 
INTERNAL CONNEC-
TION—DO NOT USE 

DYNODE No.2 

DYNODE No.0 

ANODE 

DYNODE No.S 

PIN 9: DYNODE No.3 

PIN 10: DYNODE No. 1, 
GRID No.2 

PIN 11: INTERNAL CONNEC-
TION—DO NOT USE 

PIN 12: GRID No.l 

PIN 13: CATHODE 6 
SUPPRESSOR GRID 

PIN 14: HEATER 

In the tube symbol, the suppressor grid connected 
to the cathode, and the field-mesh grid connected 
to Srid No.u, are intentionally without numbers to 
avoid upsetting industry practice of associating 
functional camera control knobs with specific grid 
numbers. For example, beam-focus control isgeneral-
lyassociatedwithknob identifiedasGu (grid No. u). 

KEYEDJUMBO ANNULAR 7-PIN BASE 

GRID No.6 

PHOTOCATHODE 

INTERNAL CONNEC-
T ION—DO NOT USE 

INTERNAL CONNEC-
T ION—DO NOT USE 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 

PIN 5: GRID No.5 

PIN 6: TARGET 

PIN 7: INTERNAL CONNEC-
T ION—DO NOT USE 



NEW PRO~UCi RADIO COflPORAiION Of AMERICA 
ANNOUNCEMENT INTERNATIONAL DIVISION HARRISON, N. J. 

LICENSEE SERVICE 

October 12 , 19 64 

RCA-7293A/L - 3"-DIAMETER IMAGE ORTHICON HAVING 
NEWLY DEVELOPED LONG-LIFE TARGET 
AND ANTI-GHOST IMAGE SECTION 

RCA is pleased to announce a newly developed long-life 3"-image orthicon. 
This tube utilizes a new type glass target which virtually eliminates the 
problem of image retention, or sticking -the cause of retirement of most 
image orthicons today. Another important improvement made possible by 
this rew target is stability of sensitivity throughout the useful life of the 
tube. The 7293A/L incorporates all the excellent characteristics of the 
7293A and is directly interchangeable with it in all cameras. The new tube 
will be generally available in January 1965 with limited quantities for sale 
until that date . 

MAJOR FEATURES: • New Long-Life Target 

• Constant Target Gain and Resistivity 

• Minimal "Sticking Picture" and Raster "Burn-In" 
Problem s 

• Stable Sensitivity Throughout Useful Tube Life 

• Anti-Ghost Image-Section Design 

• Direct Interchangeability with 7293A in All Cameras 

APPLICATIONS: For TV cameras in outdoor and studio black-and-white 
television . 

TECHNICAL BULLETIN: Detailed technical information on the 7293A/L is 
given in the attached data sheet. 

Very truly yours , 

R . F . Simokat 

Licensee Service 

THE MOST TRUSTED NAME IN ELECTRONICS 



This bul letin is to be used 
in conjunction with the 
bul letin for the RCA-7293A 

Magnetic Focus 
Magnetic Deflection 
3"-Diameter Bulb 
15.20" Length 

RCA-7293A/L 
IMAGE ORTHICON 

Long-Life Target, Anti-Ghost 
Image-Section Type Camera 
Tube for Outdoor and Studio 
Black-and-White Television 

The 7293A/L is directly interchangeable with the 7293A in all cameras. 

RCA-7293A/L is an image -orthicon type of 

television camera tube intended for out-

door and studio black-and -

white TV pickup. It employs 

a sturdy, long-life, non -

deteriorating, glass target 

that is characterized by 

high gain, resistance to 

~~burn-in~~ , and the absence 

of any granular structure. 

Because charge transporta-

tion through this target 

material is electronic rath-
er than ionic as in ordinary 
glass targets, the electri-

cal characteristics of the 

target, such as secondary 

emission and resistivity, 

are essentially constant and 

sensitivity of the 7293A/L is 

stable throughout life. 

Other important advantages 

of this target are that the 

undesirable characteristics 

of scene retention or ~~stick-

ing picture" and raster 

~~burn-in~~ due to underscann-

ing are significantly re-

duced. The resistance of 

the 7293A/I. to image "burn -

in" provides ahighly desirable operational 

feature because it is not necessary to use 

an orbiter or continually move the camera 

when focused on a stationary scene. 

The paragraphs in the attached 7293A 

bulletin discussing Underscanning thetar-

get on pages 3 and 4 and Rentention ofa 

scene on page 5do not apply to the 7293A/L 

Features of the 7293A/Linclude: 

• Sturdy, Long-Life, Non-Deteriorating 
Target. 

• Constant Target Gain and Resistivity 

• Minimal "Sticking Picture" and Raster 
"Burn-in" Problems 

• Stable Sensitivity throughout Useful 
Tube Life 

• Anti-Ghost Image-Section Design 

DOS and DON'TS 
on Use of RCA-7293A/L 

Here are the "dos" 

I. Allow the 7293A/L to warm up prior to 
operation. 

2. Hold temperature of the 7293A/L within 
operating range. 

3. Make sure al ignment coi l is properly 
adjusted. 

4. Adjust beam-focus control for best us-
able resolution. 

5. Condition spare 7293A/L's by operating 
several hours once each month. 

6. Determine proper operating point with 
target voltage adjusted to exactly 2 
volts above target cutoff. 

7. Uncap lens before voltages are appl ied 
to the 7293A/L. 

Here are the "don'ts" 

I. Don't force the 7293A/Linto its shoulder 
socket. 

2. Don't operate the 7293A/L without 
scanning. 

3. Don't operate a 7293A/L having an ion 
spot. 

4. Don't use more beam current than 
necessary to discharge the highl ights 
of the scene. 

5. Don't turn off beam whi le voltages are 
appl ied to photocathode, grid No.6, 
target, dynodes, and anode during warm-
up or standby operation. 

RADIO CORPORATION OF AMERICA 
O Electronic Components and Devices Harrison, N. J. 
R 

Trademarks) ® Registered 

Marco (s) Regisirada(s) 

7293A/L 10-64 
Printed in U.s. A. 



This bulletin is to be used 
in conjunction with the 
bulletin for the RCA-72958 

Magnetic Focus 
Magnetic Deflection 
4.500" Diameter 
19.375" Length 

RCA-7295B/L 
IMAGE ORTHICON 

Long-Life Target, Field-Mesh 
Type for High-Quality Black-
and-White TV Cameras 

The 7295B/L is directly interchangeable with the 7295, 7295A, and 72956 in all cameras. 

RCA-7295B/L is a 4-1/2-inch diameter image 
orthicon type camera tube intended for high-quality 
black-and-white TV pickup in studio or outdoor service. 
The superior quality of the picture signal from the 
7295B/L also permits the making of a series of suc-
cessive recordings while still retaining excellent picture 

quality. It employs a stable, long-
life glass target that is character-
ized by high gain, resistance to 
"burn-in'; and the absence of any 
granular structure. The electrical 
characteristics of the target, such as 
seconda>:y emission and resistivity, 
are essentially constant and sensi-
tivity ofthe 72956/Lis stable through-
out life because the conduction 
mechanism involved with transfer of 
charge through this target material is 
electronic rather than ionic as in 
ordinary glass targets. 

Other important advantages of 
this target are that the undesirable 
characteristics of scene retention or 
"sticking picture" and raster "burn-
in" due to underscanning are signifi-
cantly reduced. The resistance of the 
7295B/L to image "burn-in" provides 
a highly desirable operational feature 

because it is not necessary to use an orbiter or con-
tinually move the camera when focused on a stationary 
scene. 

The paragraphs in the attached 72956 bulletin 
discussing Underscanning the target on page 5 and 
Retention of a scene on page 6 do not apply to the 
7295B/L. 

Features of the 7295B/L include: 

• Stable, Long-Life Target 

• Constant Target Gain 

• Minimal "Sticking Picture" and Raster "Burn-in" 
Problems 

• Stable Sensitivity throughout Useful Tube Life 

• Microdamp Construction 

DOS and DON'TS 
on Use of RCA-7295B/L 

Here are the "dos " 

1. Allow the 7295B/L to warm up prior to operation. 

2. Hold temperature of the 7295B/L within operating 
range. 

3. Make sure alignment coil is properly adjusted. 

4. Adjust beam-focus control for best usable resolution. 

5. Condition spare 7295B/L's by operating several 
hours once each month. 

6. Determine proper operating point with target voltage 
adjusted to the desired voltage above target-cutoff. 

7. Uncap lens before voltages areappliedtothe72956/L. 

Here ore the "don'ts " 

1. Don't force the 7295B/L into its shoulder socket. 

2. Don't operate the 7295B/L without scanning. 

3. Don't operate a 7295B/L having an ion spot. 

4. Don't use more beam current than necessary to dis-
charge the highlights of the scene. 

5. Don't turn off beam while voltages are applied to 
photocathode, grid No.6, target, dynodes, and anode 
during warm-up or standby operation. 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 

RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Harrison, N. 1. 

Trademarks) ®Registered 

Marca(s) Registrada(s) 

7295B/L 6—b5 
Printed in U.S.A. 



RCA-7389B 
IMAGE ORTHICON 

Magnetic Focus 
Magnetic Deflection 

For High-Qual ity Black-and-White Studio TV Cameras, 
Live Pickup, and Magnetic Tape Recording 

Very High Signal-to-Noise Ratio 
Excellent Resolution Capabi l ity 

The 73898 is Unilaterally Interchangeable with the 7389 and the 7389A. 

4.500" Diameter 
19.375" Length 

RCA-7389B is a 4-1/2-inch camera tube of the 
image-orthicon type designed primarily to provide 
extremely high-quality performance in black-and-

white studio TV cameras 
and television tape-re-
cording operations. Be-
cause of its precision 
design and closely con-
trolled characteristics, 
the 7389B requires only a 
very narrow range of 
camera control adjustment 
for optimum performance 
and stable day-to-day 
operation. The 7389B 
features a very high sig-
nal-to-noise ratio, ex-
cellent resolution cap-
ability, and extremely 
tight limits on such im-
portant performance char-
acteristics as sensitiv-
ity, and uniformity of 
sensitivity and back-
ground. 

The spectral response 
of the 7389B approaches 
that of the eye. It has 
high blue sensitivity, 
high green sensitivity, 
and negligible infrared 
sensitivity. The spec-
tral sensitivity charac-
teristic of the 7389B is 
shown in Fig.i. 

The superior quality 
of the picture signal 
from the 73$9B permits 
the making of a series 
of successive recordings 
while still retaining 
excellent picture quali-
ty. 

The "microdamp" con-
struction features of 
this tube substantially 

decrease microphonic noise in the output signal. 
These features isolate the target-to-mesh assembly 
fmm the effects of external acoustical noise and 
c amera vibration, and also rapidly damp out any 
internally introduced vibration of the target. 

An external, black, opaque coating is applied 
to the lower part of the tube envelope to eliminate 
"washed-.out" pictures due to extraneous. light en-
tering the tube. 

Other features of the 7389B include a very 
high-capacitance target assembly which has a usa-
ble area almost 3 times greater than that of con-
ventional 3-inch image orthicons, and a field mesh. 

The high capacitance of the target assembly 
resulting from the increased area of the target 
and close target-to-mesh spacing enables the 7389B 
to have an extended linear portion of its light 
transfer characteristic and a larger output sig-
nal. The larger output signal, in turn, results 
in a higher signal-to-noise ratio and a longer 
dynamic range or gray scale. Because of the long-
er dynamic range, the 7389Bis capable of handling 
a wide range of scene contrast without over ex-
posure and undesirable secondary-electron redistri-
bution effects. 

The increased target area also greatly improves 
the resolution capability of the 7389B and there-
by provides black-and-white TV pictures, which in 
addition to having greater contrast, are sharper, 
clearer, and more realistic. Despite the increased 
size of its image section, the 7389B uses the same 
optics and same optical-image size that are re-
q uired with 3-inch tubes. 

The field mesh reduces "white-edge" effects 
and geometric distortion due to beam bending and, 
as a consequence, a picture of better photographic 
quality and realism is obtained. The field mesh 
also improves the beam trajectory and thus elimi-
n ates dark corners in the picture area. 
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73896 

General: 

DATA 

Heater, for Unipotential Cathode: 
Voltage (AC or DC)  6.3 ± 10% volt's 
Current at 6.3 volts  0.6 ampere 

Direct Interelectrode Capacitance: 
Anode to all other electrodes 12 pf 

Target-to-Mesh Spacing 0  001 inch 
Spectral Response   S-10 
Wavelength of Maximum Response. 4500 ± 300 angstroms 
Photocathode, Semitransparent: 

Rectangular image (4 x 3 aspect ratio): 
Useful size of  1.6" max. Diagonal 

Note: The size of the _optical image focused on 
the photocathode should be adjusted so that its 
maximum diagonal does not exceed the specified 
value. The corresponding electron image on the 
target should have a size such that the corners 
of the rectangle just touch the target ring.a 

Orientation of. .Proper orientation is obtained 
when the vertical scan is essentially parallel 
to the plane passing through the center of the 
faceplate and the grid-No.6 terminal. The hor-
izontal and vertical scan should start at the 
c orner of the picture between the grid No.6 and 
the photocathode terminals. 

Focusing Method   Magnetic 
Deflection Method   Magnetic 
Overall Length 19  375" ± 0.310" 
Greatest Diameter of Bulb 4  500" t 0.094" 
Envelope Terminals  5 
End Base  Small-Shell Diheptal 14-Pin Base 

(JEDEC Group 5, No.B14-45) 
Socket  Cinchb Part No.3M14, or equivalent 

Operating Position  The tube should never be 
operated in a vertical position with the diheptal-
base end up nor in any other position where the 
axis of the tube with the base up makes an angle 
of less than 20° with the vertical. 

Weight (Approx  ) 2  3 lbs 

Minimum Deflecting-Coil Inside Diameter  

Deflecting-Coil Length 

Focusing-Coil Length  15" 
Alignment Coil: 

Position on neck. Centerline of ma~etic field should 
be located 9.25 from the flat area 
of the shoulder. 

3.2" 

7" 

Maximum Ratings, Absolute-Maximum Values:c

PHOTOCATHODE: 
Voltage   -700 max. volts 

Illumination  50 max. fc 

OPERATING TE7v1PERATURE: d
Any part of bulb  6 5 max. °C 

Of bulb at large end of tube 
(Image section)   35 min. °C 

TEMPERATURE DIFFERENCE: 

Between image section and any 
part of bulb hotter than 
image section   5 max. °C 

GRID-No.6 VOLTAGE   -700 max. volts 

TARGET VOLTAGE: 
Positive value 
Negative value 

FIELD-MESH VOLTAGEe  

GRID-No.S VOLTAGE  
GRID-1Vo.4 VOLTAGE  
GRID-No.3 VOLTAGE  
GRID-No.2 & DYNODE-No.l VOLTAGE 

10 max. volts 

10 max. volts 

30 max. volts 

300 max. volts 

350 max. volts 

400 max. volts 

350 max. volts 

GRID-No.l VOLTAGE: 
Negative bias value   125 max. volts 

Positive bias value   0 max. volts 

VOLTAGE PER MULTIPLIER STAGE. 350 max. volts 

ANODE-SUPPLY VOLTAGEf   1650 max. volts `'~ 

PEAK HEATER-CATHODE VOLTAGE: 

Heater negative with 
respect to cathode  125 max. volts 

Heater positive with 
respect to cathode  10 max. volts 

Typical Operating Values:g 
Photocathode Voltage  -600 volts 
Grid-No.6 Voltage (Image 

Focus) Approx. 70% of 
Photocathode Voltageh -370 to -470 volts 

Target Voltage Above Cutoff. 2.3 volts 
Field-Mesh Voltagee   15 to 25 volts 

Grid-No.S Voltage 
(Decelerator)   40 volts 

Grid-No.4 Voltage 
(Beam Focus)  70 to 90 volts 

Grid-No.3 Voltagek  250 to 275 volts 

Grid-No.2 & Dynode-No.l `~ 
Voltage   280 volts 

Grid-No.l Voltage for 
Picture Cutoff  -45 to -115 volts 

Dynode-No.2 Voltage   600 volts 
Dynode-No.3 Voltage   800 volts 

Dynode-No.4 Voltage   1000 volts 

Dynode-No.S Voltage   1200 volts 
Anode Voltage   1250 volts 

Recommended Target 
Temperature Range   35 to 45 

Minimum Peak-to-Peak Blanking 
Voltage   5 volts 

Field Strength of Focusing 
Coil:m 
At center of scanning 

section (Approx.) 60 gausses 
In plane of photocathode 
(Approx.)   120 gausses 

Field Strength of Align-
ment Coil   0 to 3 gausses 

Performance Data: 
With conditions shown under Typical O~era-
ting Values including Recommended Target 
Temperature Range; target voltage adjust-
ed to 2.3 volts above cutoff; and with 
camera lens set to bring the picture high-
lights one-half stogy above the "knee" of 
It he light transfer characteristic 

Min. Ty¢ical Max. 

oC

Cathode Radiant Sensi-
tivity at 4500 
angstroms   - 0.030 amp/watt 

Luminous Sensitivity. 30 60 - /!a/lumen 

Anode Current (DC). - 30 µa 
Signal-Output Current 
(Peak to Peak). . 10 40 

Ratio of Peak-to-Peak 
Highlight Video-
Signal Current to 
RMS Noise Current 
for Bandwidth of 
4.5 Mc 85. 1 95:1 

Photocathode Illumina-
tion at 2870° K Re-
quired to bring Pic-
ture Highlights One-
Half Stop above 
"[(nee" of Light Trans-
fer Characteristic. 0.070 0.130 fc 

V 

2 



73896 

Amplitude Response at 
400 TV Lines per 
Picture Height (Per 
cent of large-area 
black to large-area 
white)   60 75 - % 

Uniformity:p 
Ratio of Shading 
(Background) Signal 
to Highlight Signal 0.10 0.15 

Decrease from Peak 
Highlight Signal 
Level of Signal 
from any Point on 
Scanned Area of 
Target  12 25 

a 

b 

C 

d 

e 
f 

9 

k Adjust to give the most uniformly shaded picture near 
maximum signs L 

If the camera employs an "orbiter", the electron im-
age size on the target should be adjusted so that the 
corners of the scanned area just touch the target ring 
during "orbiter" operation. 

Made by Cinch Manufacturing Corporation, 1026 S. Homan 
Avenue, Chicago 24, Illinois. 

The maximum ratings in the tabulated data are estab-
lished in accordance with the following definition of 
the Absolute-Maxinu~rz Ratting System for rating electron 
devices. 

Absolute-Maximum ratings are limiting values of opera-
ting and environmental conditions applicable to any 
electron device of a specified type as defined by its 
published data, and should not a exceeded under the 
worst probable conditions. 

"The device manufacturer chooses these values to pro-
vide acceptable serviceability of the device, taking 
no responsibility for equipment variations, environ-
m ent variations, and the effects of changes in 
operating conditions due to variations in device 
characteristics. 

The equipment manufacturer should design so that in-
itially and throughout life no Absolute-Maximum val-
ue for the intended service is exceeded with any de-
vice under the worst probable operating conditions 
with respect to supply-voltage variation, equipment 
component variation, equipment control adjustment, 
load variation, signal variation, environmental con-
ditions, and variations in device characteristics. 

Operation outside of the Recommended Target Tempera-
ture-Range shown under Txpical Operating Values will 
not damage the 73896 provided the Maximum Temperature 
Ratings of the tube are not exceeded. Optimum per-
formance, however, is only obtained when the tube is 
operated within the Recommended Target Temperature 
Range. 
With respect to grid No. 4. 

Dynode-voltage values are shown under Typical Opera-
ting Values. 

With 73896 operated in RCA-TK-60 camera at fixed 
photocathode voltage. 

h Adjust for optimum focus. 

~ The target supply voltage should be adjustable from 
-5 to +5 volts. 

m 
Direction of current should be such that anorth-seek-
ing pole is attracted to the-image end of the focus-
ing coil, with the indicator located outside of and 
at the image end of the focusing coil. 

~ Measured with amplifier havingflat frequency response. 
p With uniform illumination on photocathode. 

SET-UP PROCEDURE 

The set-up procedure described below should 
be followed carefully to obtain optimum perform-
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ance from the 73896. Before the proper voltages 
are applied to the tube as indicated under Typical 
Operating Values, the lens should be uncapped and 
the lens iris opened to allow light to fall on 
the photocathode. This is a very important step 
for.this type of image orthicon. "lhe proper volt-
ages should then be applied to the 73896. Grid-
No.l voltage should immediately be adjusted to 
p roduce a small amount of beam current. 'This pro-
cedure will prevent the-mesh from being electro-
statically pulled into contact with the glass disc. 
Make certain that the deflection circuits are func-
tioning properly to cause the electron beam to 
scan the target. Adjust the deflection circuits 
so that the beam will "over-scan" the target, 
i.e., so that the area of the target scanned is 
greater than its useful area. This procedure dur-
ing the warm-up period is recommended to prevent 
burning on the target a raster smaller than that 
used for on-the-air operation. Note that over-
scanning the target results in a smaller-than-
normal picture on the monitor. The lens should 
then be capped and the tube allowed to warm up for 

15 minutes before use or before other adjustments 
are made. 

Next, uncap the lens ana partially close the 
lens iris. Increase the target voltage until in-
formation appears on the monitor. Then adjust 
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73896  

beam focus, image focus, and optical focus until 
detail can be discerned in the picture. Adjust 
the alignment-coil-current controls until picture 
response is maximum. If the picture appears in 
negative contrast, increase the beam current., 
Further adjust the alignment-coil current so that 
the center of the picture does not move when the 
beam-focus control (grid No.4) is varied, but 
simply goes in and out of focus. Auto-alignment 
devices are useful for determining the exact set-
ting of alignment coil current. During alignment 
of the beam, and also during operation of the tube, 
always keep the beam current as low as possible 
to give the best picture quality and also to pre-
vent excessive noise. 

Next, focus the camera on a test pattern. The 
target voltage is then advanced or reduced to the 
point where a reproduction of the test pattern is 
just discernible on the monitor. This value of 
target voltage is known as the "target-cutoff 
voltage". The target voltage should then be in-
creased to between two and three volts above cut-
off, and the beam-current control adjusted to give 
just sufficient beam current to discharge the 
highlights. If two or more cameras are to be 
used concurrently in the studio, it is important 
that each camera use the same value of target volt-
age so that the reproduced pictures are easily 
matched. It is to be noted that the use of high 
target voltage produces a higher signal-to-noise 
ratio and better contrast than the signal-to-noise 
ratio and contrast produced using low target volt-
ages. However, high target voltages tend to re-
duce tube life, introduce microphonic noise and 
flicker, and generally reduce picture sharpness. 

The lens is then adjusted to produce best op-
tical focus, and the voltages on grid No.6 and 
grid No.4 are adjusted to produce the sharpest 
picture. 

If the 7389B is used in cameras other than RCA 
TK-60, the range of grid-No.4 voltage should be 
varied to obtain that focus mode which yields the 
"flattest" picture, produces the least interference 
from mesh in the background at low lights, elimi-
nates dark corners, and gives the best center-to-
edge focus. 

In cameras where both grid-No.6 and the photo-
cathode voltages are variable, the photocathode 
voltage should be adjusted to produce the best 
focus with grid No.6 set at approximately 70% of 
the photocathode voltage. This value of grid-No.6 
voltage should minimize picture distortion and 
produce best center-to-edge focus. 

At this point, attention should be given to 
the grid-No.S control. If grid-No.S voltage is 
adjustable, it should be varied to produce the 
best center-to-edge focus and the best picture 
geometry. When changing grid-No.S voltage, it 
will be necessary to refocus the scanning section 
by adjusting grid-No.4 voltage control. 

After the above-mentioned controls are proper-
ly set, the grid-N©.3 control should be adjusted 
for maximum signal output. The deflecting yoke 
and 7389B should be rotated, if necessary, so that 
the horizontal scanning of the camera is parallel 
to the horizontal plane of the scene. 

The above adjustments constitute a rough set-
up for the 7389B. Final adjustments necessary 
for the 7389Bto produce the best possible picture 
are as follows: 

The proper illumination level should first be 
determined. Adjust the target voltage to the 
desired point above the target-cutoff value. Focus 
the camera on a neutral (black-and-white) test 
pattern consisting of progressive tonal steps from 
black to white. Open the lens iris just to the 
point where the highest step of the test pattern 
does not rise as fast as the lower steps when 
viewed on a video-waveform oscilloscope. Then 
open the camera lens approximately 1/2 stop above 
this setting. This operating point assures the 
maximum signal, best gray scale, freedom from 
"black borders", and the sharpest picture. 

Then adjust the grid-No.l voltage control to 
just discharge the brightest highlight of the 
pattern. 

Next, adjust the grid-No.3 voltage control so 
that the video signal has a maximum value consist-
ent with a flat -background signal when the lens 
is capped. This background represents the black 
level of the picture. 

The video_gain control is adjusted to pm duce 
the maximum output signal without overloading the 
camera amplifier. The proper operating levels are 
usually specified by the camera manufacturer. 

From this point on, the waveform monitor for 
the camera should be used to determine the lens 
opening necessary to produce the maximum desired 
highlight signal as determined with the neutral 
step pattern, and no changes should be made on the 
video-amplifier or image-orthicon multiplier-gain 
controls. 

If a wider range of tonal values is desired, 
black-stretch circuitry or gamma-correction cir-
cuitry should be used instead of opening the lens 
further. The high value of signal-to-noise ratio 
produced by the 7389B permits the use of gamma-
correction circuitry to achieve a good range of 
tonal values in the picture without encountering 
excessive noise. In addition, operation with this 
correction will prolong the life of the tube by 
reducing the amount of current drawn through the 
target glass. 

OPERATING CONSIDERATIONS 

Support for the 7389B should be designed so 
that vibration and shock will not cause the tube 
to be displaced with respect to the focusing, 
deflecting, and alignment fields. 
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Proper orientation of the envelope terminal 
socket with respect to the deflecting field is 
essential, and is obtained when the plane that 
p asses through the key on the diheptal base, the 
grid-No.6 terminal on the tube envelope, and the 
tube axis is parallel to the vertical deflection 
field. This orientation minimizes beat-pattern 
effects by placing the sides of the mesh holes at 
an angle of 45° with respect to the horizontal 
scanning lines. 

The deflecting yoke and .focusing coil used 
with the 7~8gB incorporate means toprevent the 
magnetic field produced by the deflecting yoke 
from extending into the image section of the tube. 
Unless proper shielding is provided, cross-talk 
from the deflecting yoke into the image section 
will cause the electron image to "jitter". This 
jitter produces a loss of picture sharpness. 

A blanking signal should be supplied to the 
target to prevent the electron beam from striking 
the target during the return portions of the hor-
izontal and vertical deflecting cycles. Unless 
this is done, the camera-tube return lines will 
appear in the received picture. 

The blanking signal is a series of negative 
voltage pulses. The voltage between pulses must 
be constant to prevent fluctuation of the target 
voltage. During the blanking period, the full 
beam current without video-signal modulation is 
returned to the multiplier and its multiplied out-
put flows through the load resistance. Excessive 
amounts of blanking voltage applied to the target 
will impair resolution, because during retrace the 
emitted photoelectrons are no longer in focus with 
the target. A desirable amount of target blanking 
is 6 volts peak to peak. 

Shading may be required even with optimum ad-
j ustment of voltage on grid No.3 in order to ob-
tain a more uniformly shaded picture. A sawtooth 
waveform of adjustable amplitude and polarity at 
both the vertical- and horizontal-scanning fre-
quency should be provided for insertion in the 
video amplifier to aid in obtaining a flat back-
ground. 

Failure o.f scanning even for a few seconds may 
permanently damage the surface of the target. The 
damaged area shows up as a spot or line in the 
picture during subsequent operation. 

The operating temperature of any part of the 
glass bulb should never exceed 65° C, and no part 
of the bulb at the large end of the tube (image 
section) should ever fall below 35° C during oper-
ation. For best results, it is recommended that 
the temperature of the entire bulb be held between 
35° and 45° C. Operation at too low a temperature 
will be characterized by the appearance of a rapid-
ly disappearing "sticking picture" of opposite 
polarity from the original when the picture is 
moved. Operation at too high a temperature is not 
only characterized by an increase in microphonic 
noise but will also cause loss of resolution and 
possibly permanent damage to the tube. The loss of 

resolution is caused by the decreasing resistivity 
of the target glass disc with increasing tempera-
ture. As a result, lateral leakage of the image 
charge occurs. Tube temperature should always be 
checked if aloss in resolution occurs during tube 
operation. Resolution is regained by waiting for 
the temperature to drop. No part o.f the bulb should 
run more than 5o C hotter than the image section 
to prevent cesium migration to the target. Such 
migration will result in loss of resolution and in 
probable permanent damage to the tube. Like other 
photosensitive devices employing cesium, the 7389B 
may show fluctuations in performance from time to 
time. Strict observance of the above recommenda-
tions with respect to operating temperature will 
not completely eliminate these variations but will 
greatly improve stability of the characteristics 
during the life of the tube. 

When the operating conditions are such that 
the maximum temperature rating or maximum tempera-
ture difference as given underAlaximum Ratings will 
be exceeded, provision should be made to direct 
a blast of cooling air from the diheptal-base end 
of the tube along the entire length of the bulb 
surface, i.e., through the space between the bulb 
surface and the surrounding deflecting-coil assem-
bly and its extension. 

To keep the operating temperature of the large 
end of the tube from falling below 35°C, some form 
of controlled heating should be employed. Ordi-
narily, adequate heat will be supplied by the fo-
cusing coil deflecting coils, and associated ampli-
fier tubes so that the temperature can be controll-
ed by the amount of cooling air directed along the 
bulb surface. 

A mask having a diagonal or diameter of 1.6 
inches should always be used on the photocathode 
to reduce the amount of light reaching unused parts 
o f the photocathode. 

The optical system used with the 7389B should 
be of high quality and should incorporate control 
of the amount of light entering the television 
camera lens. This control may consist of an iris 
or an iris and suitable neutral-density filters. 
The entire optical system should have all inside 
surfaces finished in mat black to prevent internal 
reflections from reaching the photocathode. Under 
almost all conditions, the use of a lens shade is 
beneficial. 

OPERATING INSTRUCTIONS 

The 7389B is designed to have stable operating 
characteristics which ensure optimum performance 
from day-to-day with minimum camera control 
adjustment. 

Installation of the 7389B in the camera is 
accomplished by inserting the diheptal-base end 
o f the tube through the coil assemibly and then 
inserting the tube in the envelope terminal socket. 
Proper insertion aligns the white radial line on 
the face with the bottom terminal socket for grid 
No.6. The 7389$ has two complementary guides for 
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inserting the tube correctly, the grouping of the 
envelope terminals and a white radial line on the 
face of the envelope. 

The operating position of the 7389B should 
preferably be such that any loose particles in• 
the neck of the tube will not fall down and strike 
or become lodged on the target. Therefore, it is 
recommended that the tube never be operated in a 
vertical position with the diheptal-base end up 
nor in any other position where the axis of the 
tube with base up makes an angle of less than 
20° with the vertical. 

Full-size scanning of the target should always 
be used during operation to assure maximum signal-
to-noise ratio and maximum resolution. Note that 
overscanning the target produces a smaller-than-
normal picture on the monitor. 

Underscanning the target, i.e., scanning an 
area of the target less than the desired area, 
should never be permitted. Llnderscanning produces 
a larger-than-normal picture on the monitor. If 
the target is underscanned for any length of time, 
a permanent change in target-cutoff voltage of the 
underscanned area takes place with the result that 
the underscanned area thenceforth is visible in 
the picture when full-size scanning is restored. 

Retention of a scene by the 7389B, sometimes 
called a "sticking picture", may be observed if 
the 7389B is allowed to remain focused on a sta-
tionary bright scene, or if it is focused on a 
bright scene before reaching operating tempera-
ture in the range from 35° to 45° C. Often the 
r etained image will disappear in a few seconds, 
but sometimes it may persist for long periods be-
fore it completely disappears. A persisting re-
tained image can generally be removed by focusing 
the 7389B on a clear white screen and allowing it 
to operate with an illumination of about 1 foot-
candle on the photocathode until the retained 
image disappears. 

To minimize retention of a scene, it is rec-
ommended that the 7389B always be allowed to warm 
up in the camera for 1/4 hour with the lens capped. 
Never allow the 7389B to remain focused on a sta-
tionary bright scene, and never use more illumina-
tion than is necessary. 

Occasionally,a white spot which does not 
change in size when the beam-focus voltage is 
varied, may be observed in the center of the pic-
ture. Such a spot, especially if it is visible 
on the monitor with the camera lens capped, is 
probably an ion spot. If the spot begins to grow 
in size with continuous operation, the 7389B should 
be removed from service at once, and returned for 
re-processing. Continued operation of an image 
orthicon with an ion spot will eventually damage 
the target permanently. 

Video Gain is controlled over a wide range 
by reducing the voltage on one or more of the 
multiplier dynodes. Provision to vary the voltage 
o n dynode No.3 is generally provided in the camera 
as the Video Gain Control. Dynode No.2 should be 
maintained at a fixed voltage for best signal-to-

noise ratio andshading. Because individual 7389B's 
may have a do output range of 10 to 1, such a gain 
control is required to prevent possible overload 
of the video amplifier when a 7389B having a high 
signal output or high current amplification is 
used. However, this control should not be adjust-
e d to reduce the output signal of the 7389B to such 
a low value that noise in the video amplifier stages 
is contributed to the final video signal. 

During standby operation, the lens of the cam-
era should always be closed or capped. An effec-
tive method of performing the same end result is 
to cut off the photocathode voltage by means of a 
switch. The camera will instantly be ready for 
operation when the photocathode voltage is again 
t urned on. 

PERFORMANCE CHARACTERISTICS 

The light transfer characteristic of the 7389B 
changes for different illumination levels (see 
Reference 3). The basiclight transfer character-
istic of the 7389B is shown in Fig. 2. The light 

BASIC LIGHT TRANSFER CHARACTERISTIC 
T

Y
P

IC
A

L
 S

IG
N

A
L

 O
U

T
P

U
T

-M
IC

R
O

A
M

P
E

R
E

S
 loo 

e 
6 

4 

to 
6 

o.l 

b 

e 
b 

z 

ILLUMINATION~TUNGSTEN LIGHT. 
DAY LIGHT, OR WHITE FLUORESCENT 

FOR SMALL—AREA HIGHLIGHTS. 

2 4 6 6 2 
0.0001 0.001 

HIGHLIGHT ILLUMINATION 

4 6 8 2 4 6 8 2 4 6 8 
0 01 0.1 

ON PHOTOCATHODE— FOOTCANDLES 
92CS-10690 

Fig.2 

values shown are applicable only for the indicated 
kinds of illumination incident on the photocathode. 
-This curve is representative only for small-area 
h ighlights. 

Sensitivity and Illumination. The image orth-
icon is a device exceeding in relative sensitivity 
most high-speed photographic film. When related 
to photographic film and compared at shutter speeds 
of 1/60 second which is the effective storage time 
o f the image orthicon in a standard broadcast tele-
vision system, the 7389B exposed with the high-
lights on the photocathode of 0.075 footcandle will 
h ave an equivalent ASA exposure index of approxi-
mately 2000. This equivalent film-speed rating 
can be used in conjunction with a photographic 
exposure meter set for a shutter speed of 1/60 
second to determine the approximate light level 
or lens-stop setting necessary for operating the 
7389B in a standard broadcast system. 
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The illumination on the photocathode of the 
7389B is related to the scene illumination as 
follows: 

I 
4f2 Ip~ (m + 1)2 

5 TR 

where: 
I_ =scene illumination in footcandles 
f = f-number setting of lens 
Ip~ = photocathode illumination in footcandles 
m linear magnification from scene to photocath-

ode 

T = total transmission of lens 
R = reflectance of principal subject in scene 

Except for very close shots, the linear magnifi-
cation (m) from scene to photocathode may be 
n eglected. 

For example, assume that the lens is set at 
f: 8, that it has a transmission (T) of 75%, that 
the required photocathode highlight illumination 
is 0.075 footcandle, and that the highlight re-
flectance (R) is 50%. 
Then , 

4x8 2 x0.075 
IS = = 51 footcandles 

0.75 x 0.50 

Optimum resolution and best performance is 
obtained when the 7389B is operated with the lens 
set no more than 1/2 lens stop above the knee of 
the light transfer characteristic. Under certain 
lighting conditions, such as direct sunlight, it 
may not be possible to stop the lens down far 
enough to obtain this level of highlight illumina-
tion on the photocathode. When such a condition 
is encountered, the use of a neutral-density fil-
ter selected to give the required reduction in 
illumination is recommended. 

The low illumination level utilized on the 
photocathode of the 7389B makes it necessary that 
no stray light from without or within the camera 
fall on the face of the tube. See optical system 
under Operating Considerations. 

PRINCIPLES OF OPERATION 

The 7389B h'as three sections--an image section, 
a scanning section, and a multiplier section--as 
shown in Fig. 3. 

Image Section 

The image section contains a semitransparent 
photocathode, on the inside of the faceplate, a 
g rid (grid No. 6) which together with the photo-
cathode provides an electrostatic accelerating 
field, and a target which consists of a very thin 
glass disc with a fine micro-mesh screen very 
closely spaced to it on the photocathode side. 
Focusing is accomplished by means of a non-uniform 
graded magnetic field produced by an external coil, 
and by the electrostatic accelerating field pro-
duced between the photocathode and grid No.6. 
Control of the electrostatic field shape for best 
focus is effected by the proper selection of 
photocathode voltage and adjustment of grid-No.6 
voltage. 

Light from the scene being televised is pick-
ed up by an optical system and focused on the 
photocathode which emits electrons from each il-
luminated area in proportion to the intensity of 
the light striking the area. The streams of elec-
trons are focused on the target by the magnetic 
and electrostatic accelerating fields. The shape 
of the graded-magnetic field is such that the 
optically-focused photocathode image is electro-
optically magnified between the photocathode and 
the target. 

On striking the target, the electrons cause 
secondary electrons to be emitted by the glass. 
The secondaries thus emitted are collected by the 
adjacent mesh screen which is held at a definite 
small positive potential with respect to target-
cutoff voltage. Therefore, the potential of the 
glass disc is limited for all values of light and 
stable operation is achieved. Emission of the 
secondaries leaves on the photocathode side of 
the glass a pattern of positive charges which 
corresponds with the pattern of light from the 

SCHEMATIC ARRANGEMENT AND ASSOCIATED COMPONENTS 
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scene being televised. Because of the thinness 
of the glass, the charges set up a similar poten-
tial pattern on the opposite or scanned side of 
the glass. 

Scanning Section 

The opposite side of the glass is scanned by 
a low-velocity electron beam produced by the elec-
tron gun in the scanning section. This gun con-
tains a thermionic cathode, a control grid (grid 
No. 1), and an accelerating grid (grid No. 2). The 
beam is focused at the target by the magnetic field 
of an external focusing coil and the electrostatic 
field of grid No. 4. 

Deflection of the beam is accomplished by 
transverse magnetic fields produced by external 
deflecting coils. 

Alignment of the beam from the gun is accom- 
plished by a transverse magnetic field produced 
by external coils located at the gun end of the 
focusing coil. 

By proper adjustment of potentials including 
that of grid No.5 and the field mesh, the beam 
is caused to approach the target perpendicularly 
and with zero or nearly zero velocity. Electrons 
which approach uncharged portions of the pattern 
on the glass stop their forward motion at the sur-
face of the glass and are turned back and focused 
into a five-stage multiplier. Beam electrons that 
approach positively charged portions of the pattern 
on the glass are deposited from the scanning beam 
in quantities sufficient to neutralize the poten-
tial pattern on the glass before the beam is 
turned back and focused into the signal multipli-
er. Such deposition leaves the glass with a neg-
ative charge on the scanned side and a positive 
charge on the photocathode side. These charges 
neutralize each other by conductivity through the 
glass in less than the time of one frame. 

The electrons turned back at the target form 
the return beam which has been amplitude modulated 
by absorption of electrons at the target in accord 
with the charge pattern whose more positive areas 
correspond to the highlights of the televised scene. 

The field mesh--a fine-mesh screen of high 
electron transmission--acts to increase the 
strength of the decelerating field immediately 
in front of the target. The field mesh also de-
focuses the return beam so that the texture of the 
first dynode does not appear in the background of 
the picture. The uniform gradient of the deceler-
ating field over the scanned area causes the beam 
to approach the target perpendicularly at all 
points on the target. "The enhanced field also 
prevents the charge pattern on the target from 
bending the beam away from its proper trajectory. 
The over-all result of these two effects is to 
enable the 7389B to produce a picture that is 
relatively free of unwanted bright edges or over-
shoots at the boundary of brightly illuminated 
portions of a scene. The strong decelerating 
field also allows the 7389B to be operated with 
high values of target voltage, and thereby, to 
produce extremely high signal-to-noise ratios. 

Multipl ier Section 

The return beam is directed to the first dy-
node of a five-stage electrostatically focused 
multiplier. 'This utilizes the phenomenon of sec-
ondary emission to amplify the modulated beam cur-
rent more than 500 times. The electrons in the 
beam impinging on the first-dynode surface produce 
many other electrons. These secondary electrons 
are then directed to the second dynode and knock 
out more new electrons. Grid No.3 facilitates a 
more complete collection bx dynode No.2 of the 
secondaries from dynode No. 1. The multiplying 
process is repeated in each successive stage, with 
an ever-increasing stream of electrons until those 
emitted from dynode No.5 are collected by the 
anode and constitute the current utilized in the 
output circuit. 

The signal-to-noise ratio of the output signal 
from the 7389B is very high. The gain of the 
multiplier is such as to raise the output signal 
sufficiently above the noise level of the video 
amplifier stages so that they contribute no noise 
to the final video signal. The signal-to-noise 
ratio of the video signal, therefore, is determin-
ed primarily by random variation in the quantity 
of the electrons in the modulated electron beam. 

As the beam moves from aless-positive portion 
of the target to amore-positive portion, the sig-
nal-output voltage across the load resistor changes 
in the positive direction. Hence, for highlights 
in the scene, the grid of the first video ampli-
fier stage swings in the positive direction. 
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DOS and DON'TS 
on Use of RCA-73896 

Here are the "dos" — 

I. Allow the 73896 to warm up prior to operation. 
2. Hold temperature of the 73896 within operating range. 
3. Make sure al ignment coi l is properly al igned. 
4. Adjust beam-focus control for best usable resolution. 
5. Condition spare 73896'sby operating several hours once 

each month. 
6. Determine proper operating point with target voltage ad-

justed to the desired voltage above target-cutoff. 

7. Open lens before voltages are appl ied to the 73896. 

Here are the "donuts" — 

I. Donut force the 73896 into its envelope terminal socket. 
2. Donut operate the 73896 without scanning. 
3. Donut underscan target. 

4. Donut focus the 73898 on a stationary bright scene. 
5. Donut operate a 73896 having an ion spot. 

6. Don~tuse more beam current than necessary to discharge 
the highl ights of the scene. 

7. Donut operate 73896 with target voltage greater than 3 
volts above cutoff. 

8. Donut turn off beam whi le voltages are appl ied to photo-
cathode, grid No. 6, target, dynodes, and anode during 
warm up or standby operation. 

Information furnished by RCA is believed to be accurate and re-
liable_However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 
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BASING DIAGRAM 
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This bulletin is to be used 
in conjunction with the 
bulletin for the RCA-73896. 

Magnetie Focus 
Magnetic Deflection 
4.500" Diameter 
19.375" Length 

RCA-7389B/L 
IMAGE ORTHICON 

Long-Life Target, Field-Mesh 
Type for High-Quality Black-
and-White TV Cameras. 

The 7389B/L is directly interchangeable with the 7389, 7389A, and 7389B in all cameras. 

RCA-7389B/L is a 4-1/2-inch image orthicon type 
camera tube designed primarily to provide extremely 
high-quality performance in black-and-white studio TV 
cameras and television tape-recording operations. The 
7389B/L features a very high signal-to-noise ratio, 
excellent resolution capability, and extremely tight 
limits on such important performance characteristics as 
sensitivity, and uniformity of sensitivity and back-
ground. It employs astable, long-life glass target that 
is characterized by high gain, resistance to "burn-in" , 
and the absence of any granular structure. The electri-
cal characteristics of the target, such as secondary 
emission and resistivity, are essentially constant and 
sensitivity of the 7389B/L is stable throughout life 
because the conduction mechanism involved with trans-
fer of charge through this target material is electronic 

rather than ionic as in ordinary glass targets. 

Other important advantages of this target are that 
the undesirable characteristics of scene retention or 

/~ "sticking picture" and raster "burn-in" due to under-
scanning are significantly reduced. The resistance of 
the 7389B/L to image "burn-in" provides a highly 
desirable operational feature because it is not necessary 
to use an orbiter or continually move the camera when 
focused on a stationary scene. 

The paragraphs in the attached 7389B/L bulletin 
discussing Underscanning the target and Retention of 
a scene on page 6 do not apply to the 7389B/L. 

~~, 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 

Features of the 7389B/L include: 

• Stable, Long-Life Target 

• Constant Target Gain 

• Minimal "Sticking Picture" and Raster "Burn-in" 
Problems 

• Stable Sensitivity throughout Useful Tube Life 

• Microdamp Construction 

DOS and DON'TS 
on Use of RCA-7389B/L 

Here are the "dos" 

1. Allow the 7389B/L to warm up prior to operation. 

2. Hold temperature of the 7389B/L within operating 
range. 

3. Make sure alignment coil is properly adjusted. 

4. Adjust beam-focus control for best usable resolution. 

5. Condition spare7389B/L's byoperating several hours 
once each month. 

6. Determine proper operating point with target voltage 
adjusted to the desired voltage above target-cutoff. 

7. Uncap lens before voltages are applied tothe73896/L. 

Here are the "don'ts" 

1. Don't force the 7389B/L into its shoulder socket. 

2. Don't operate the 7389B/L without scanning. 

3. Don't operate a 7389B/L having an ion spot. 

4. Don't use more beam current than necessary to dis-
charge the highlights of the scene. 

5. Don't turn off beom while voltages are applied to 

photocathode, grid No.b, target, dynodes, and anode 
during warm-up or standby operation. 

RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Harrison, N. 1. 
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RCA-7404 
IMAGE-CONVERTER TUBE 

Electrostatic Focus Monovoltage Type 
High Resolution S-21 Response 

2.33" Max. Length 
0.75" Max. Radius 

RCA-7404 is a self-focusing image-converter 
tube useful in combination with suitable optical 
systems for viewing an obj ect or specimen irradiated 
with near-ultraviolet radiation. It utilizes a 

semitransparent photocathode at 
one end on which the object to 
be viewed is focused by means 
of an optical objective. Elec-
trons from the image on the 
photocathode are electrostat-
ically focused on the fluorescent 
screen at the other end of the 
tube by electron-optical methods 
to form a reduced image which 
can be viewed with an optical 
magnifier. The inverted image 
produced by the optical system 
on the photocathode is reinverted 

by the 7404 to give an observed image that is erect. 

The 7404 is a monovoltage type, i.e., it 
operates with only a single voltage applied between 
its two terminals, and remains in focus with any 
applied voltage in the operating range from 8000 
to 12000 volts. The voltage may be obtained from 
an unregulated rectified-power supply without a 
bleeder. lailtering can be provided by a single 
capacitor. Its value should be such as to provide 
a high ratio of average do voltage to ripple volt-
agein order to obtain the highest average voltage, 
and hence the highest screen brightness, without 
exceeding the maximum voltage rating of the tube. 
Under typical viewing conditions, the value of 
operating power is less than 10 milliwatts at 

12000 volts. 

Features of the 7404 include a photocathode 

faceplate of ultraviolet-transmitting glass, a 
spectral response covering the range from about 

2350 to 6200 angstroms with peak at about 4400 

angstroms, high ratio of light output to ultra-

violet-energy input at 253? angstroms, minimum 
resolution of 50 line-pairs per millimeter, and 

low-pin-cushion distortion. These features, to-

gether with those of small size, low power require-

ments, and self-focusing over a wide range of 

operating voltage, make the 7404 especially suit-

able for use in ultraviolet microscopy. 

FIECTR4M 
7U8E 

DATA 

General: 
Spectral Response S-21 
Wavelength of Maximum Response 4400 t 500 angstroms 
Photocathode, Semitransparent: 

Shape  Convexo-Concave ~-
Minimum useful diameter  0.75" 

Fluorescent Screen: 

Shape  Plano-Plano (-

Minimum useful diameter  0.57" 

Phosphor   P20, Aluminized 
Fluorescence  Yellow-Green 
Phosphorescence Yellow-Green 
Persistence Medium-Short 

Focusing Method (Self-focusing)  Electrostatic 
Overall Length   2.28" f 0.05" 
Greatest Diameter (Excluding side tip) 1.35" f 0.03" 
Maximum Radius (Including side tip)  0.75" 

Terminals  See Dimensional Outline 

Operating Position   Any 

Weight (Approx.)  1  5 oz 

Maximum Ratings, Absolute-Maximum values~a
FLUORESCENT-SCREEN VOLTAGE:b 

Average (DC)   12500 max. volts 

Peak Instantaneous   13000 max. volts 

AVERAGE PH~I'OCATHODE CUR~EDTf 
(Continuous Operation)   0.35 max. µA 

AMBIENT TEMPERATURE  75 max. °C 

Characteristics at Ambient Temperature of 22°C: 
Fluorescent-Screen Voltage (DC)b 12000 volts 

Typical Paraxial Magnification 
Factor 0  735 

Typical Conversion Efficiencye 6000 lumens/watt 

Minimum Resolution(  50 line-pairs f. 
per mm 

Typical Equivalent Screen-Back-
ground Input at 2537 angstromsg. 1X10-10 watt/cm2

a The maximum ratings in the tabulated data are estab-
lished in accordance with the following definition 
of the Absolute-Maximum Rating System for rating 
electron devices. Absolute-maximum ratings are 
l imiting values of operating and environmental con—
ditions appl icable to any electron device of a 
specified type as defined by its publ ished data, and 
should not be exceeded under the worst probab}e con-
ditions. 

The device manufacturer chooses these values to pro- 
vide acceptable serviceability of the device, taking 
no responsibility for equipment variations, environ-
mental variations, and the effects of changes in 
operating conditions due to variations in device 
characteristics. 

Indicates a change. 
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The equipment manufacturer should design so that 
initially and throughout l ife no Absolute-Maximum 
value for the intended service is exceeded with any 
device under the worst probable operating conditions 
with respect to supply-voltage variation, equipment 
component variation, equipment control adjustment, 
load variation, signal variation, environmental con-
ditions, and variations in device characteristics. 

Referred to photocathode. 

Averaged over any interval of 10 seconds maximum. 

Defined as the ratio of the l inear size of the image 
on the fluorescent screen to the l inear size of the 
image on the photocathode. The image on the photo-
cathode consists of two parallel l ines 0.08" long, 
each located 0.075" from the tube axis. Size of the 
image on the fluorescent screen is determined by 
measuring the spacing between the two parallel l ines. 

Defined as the quotient of luminous flux output to 
incident radiant flux at 2537 angstroms. 

The resolution, both horizontal ly and vertically in 
a 0.15-inch-diameter circle centered on the photo-
cathode, is determined with a pattern consisting of 
alternate black and white l ines of equal width. Any 
two adjacent l ines are designated as a "l ine-pair". 

Defined as that value of incident radiation required 
to cause an increase in screen brightness equal to 
the screen background brightness. 
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Spectral Sensitivity Characteristic of 
7404 which hasS-21 Response. Curve 
shown for Equal Values of Radiant 

Power at All Wavelengths. 

OPERATING CONSIDERATIONS 

The maximum ambient temperature shown in the 
tabulated data is a tube rating which is to be 
observed in the same manner as other ratings. 
This rating should not be exceeded because too 
high a face temperature may cause the volatile 
photocathode surface to evaporate with consequent 
decrease in life and sensitivity of the tube. 

Handling. The 7404 should be handled by the 
metal terminals. Fingerprints on the glass 
should be avoided since they cause leakage cur-
rent, corona, and higher screen background. To 
minimize the possibility of leakage current and 

corona, the external surface of the glass side 
wall is coated with a transparent, non-hygroscopic 
film. This film should be cleaned only with a 
soft dry cloth. 

The spectral response of the 7404 is shown 
by the curve of Fig. 1. 
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Fig.2-Spec a al-Energy Emission Characteristic 
of Phosphor P20. 
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 7404 

The fluorescent screen employs the fine-grain 
phosphor P20 which fluoresces to produce ayellow-
green luminescence. It has good visual qualities 
as well as high luminous efficiency. The spectral-
energy emission characteristic of phosphor P20 
is shown in Fig.2 and its persistence character-
istic in Fig. 3. 

The light output from the 7404 as a function 
of fluorescent-screen voltage is given in Fig. 4. 

LIGHT INPUT OF OAILUMEN FROM 2870° K TUNGSTEN SOURCE 
INCIDENT ON THE PHOTOCATHODE. 

IRRADIATED PHOTOCATHODE AREA HAS DIAMETER OF 3/41NCH. 
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Fig.4 - Typical Characteristic of Type 7404. 

The effect on magnification, pincushion dis-
tortion, and resolution as the distance is in-
creased from the center of the photocathode 
toward its edge, is shown by the curves in Fig. S. 

Subjecting the 7404 to intense incident-
radiation levels may temporarily decrease the 
tube's sensitivity even though there is no volt-
age applied. The magnitude and duration of this 
decrease depend on the length of exposure. Perma-
nent damage to the tube may result if it is ex-
posed to radiant energy so great as to cause 
excessive heating of the photocathode. 

Connections to the two terminals of the tube, 
indicated on the Dimensional Outline, should not 
be soldered to the terminals. They may be made 
by spring fingers engaging the rim or the straight 
side of each terminal. 

Magnetic shielding of the 7404 is required 
to minimize the effects of extraneous fields on 
tube performance. It is to be noted that ac 
magnetic fields are particularly objectionable in 
that they seriously impair tube resolution. If 
an iron or steel case is used, care should be 
taken in its construction to insure that the case 
is completely demagnetized. 

A mounting-arrangement guide is shown in Fig. 6. 
It is intended to point out some of the areas that 
must be considered when designing a mounting 
arrangement. For example, to avoid corona effects, 
the metal parts on the end of the tube that are 

not at ground potential must be free of sharp edges. 
The tube is normally operated with the anode end 
at ground potential. However, either end of the 
tube may be grounded. The photocathode potential 
extends from the photocathode flange to the 
slight indentation in the tube envelope. Any 
mounting fixture at anode potential must, there-
fore, be insulated from this area of the bulb. 
The pressure holding the tube in compression may 
be as high as 40 pounds. However, only the minimum 
amount of uniformly distributed pressure necessary 
to hold the tube firmly in position for a given 
application s}>ould be employed. 

PINCUSHION DISTORTION (PER CENT)=(M~ -I)XI00 
WHERE: 

Mx=MAGNIFICATION AT DISTANCE~~X" FROM 
CENTER OF PHOTOCATHODE 

Mt=MAC NIF CATION AT CENTER OF 
PHOTOCATHODE 
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Fig.5 - Typical Characteristics of Type 7404. 

The do supply voltage for the 7404 may be 
obtained from a high-voltage power-supply unit. 
Units are offered commercially by several manu-
facturers listed in buyers' guides. 

The high voltage at which the 7404 is oper-
ated may be very dangerous. Great care should 
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7404 

be taken in the design of apparatus to prevent 
the user from coming in contact with the high 
voltage. Precautions must include safeguards 
which eliminate all hazards to operating per-
sonnel, In the use of high-voltage tubes, 
such as the 7404, it should always be remem-
bered that high voltage may appear at normally 
low-potential points in the circuit because of 
capacitor breakdown or incorrect circuit con-
nections. Before any part of the circuitis touch-
ed, the voltage-supply switch should be turned off 
and both terminals of any capacitors grounded. 

MOUNTING ARRANGEMENT GUIDE 

INSULATING MATERIAL CATHODE CONTACT 

~ ~,. \I 

~
'sue ~~ 

~ i 
~~ ~~ '~ 

~~~~ I~ 
SPRING ANODE CONTACT 

92CS-13222 

Fig.6 

TERMINAL CONNECTIONS 
(See Dimensional0utline) 

DIRECTION OF INCIDENT RADIATION: 
PERPENDICULAR TO 

PHOTOCATHODE END OF TUBE 

SGREEN~ANODE _G2 CL 

K, G I 

CL: COLLECTOR 

G1: GRID No.l 
(FOCUSING ELECTRODE) 

G2: GRID No.2 
(FOCUSING & ACCELER—
ATING ELECTRODE) 

K: PHOTOCATHODE 

DIMENSIONAL OUTLINE 

SEE DETAIL~~A 

.oe" 
MAX. .50" 

MIN. 

PHOTOCATHODE 
TERMINAL 

NOTE 2 

.6 ~ -'' 
i.s6"  ; 

AB'~~ 
MAX. 

SEE DETAIL'~B" 

.17"t'.o3" 
NOTE 3 

DETA/L A 

~—

fi
USEFUL 

PHOTOCATHODE 
.75" MIN. DIA. 

l 

.35"t.03" DIA. 

1.21 O" +.005" 
.004" 

DIA. 

1.305" 
1.010" 
DIA. 

1.305" 
N-1.010" 

DIA. 

+005" 1.210" _,004' SCREEN 
TERMINAL 

35" 03"DIA. 

.12" 
3.03" 

1 

1.97" 
tA4" 

I. t. 

2.28„ 
t.05 

0.3"MAX. DIA. 
OF TIP BEYOND 

MAX. DIA.OF TUBE 

._ ~~`~ USEFUL 
SCREEN 

~~III .57"MIN. DIA. 

-+iF~—A(i M~ X. 

92CM-9978R1 

1.210" ̀ :ooa„ 

DETA/L B 

1.210"+004" 

NOTE I: RADIUS OF CURVATURE OF FACEPLATE IS 1.230"± 
0.005". FACEPLATE THICKNESS AT CENTER IS 0.030" ± 0.005". 

NOTE 2: FIVE INSULATED LEAD TIPS WILL NOT EXTEND BEYOND 
M7TXIMUM O.D. OF TUBE. LEADS ARE USED ONLY DURING TUBE 
MANUFACTURE. 

NOTE 3: DEPTH IS MEASURED TO TANGENT OF THE TWO RADI I. 

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 



7539 
GRAPHECHON 

Scan-Conversion Storage Tube 
Writing Gun: Magnetic Deflection 

Electrostatic Focus 
Reading Gun: Magnetic Deflection 

Magnetic Focus 

Bombardment-Induced-
Conductivity Writing 
Capacitance-Charge 

Reading 

26" Max. Length 
3.4" Max. Diameter 

Coaxial Construction 
Two Duodecal Bases 

RCA-7539 is a sturdy charge-storage tube 

designed for use in data-processing appl ications 

where signal information must be continuously 

transformed, with minimum loss 

in detai l, from one time base or 

scanning presentation to another. 

In addition, the 7539 provides 

a means of obtaining bright 

displays having a continuous 

range of halftone information 

under conditions of high ambient 

i l lumination. 

In a typical systems appl i-

cation, PPI (Plan Position Indi-

cator) information generated by 

radar instal lations istransformed 

by the 7539 into l`V-type signals 

so that the information can be 

viewed on direct-view and pro-

jection television monitors. If 

desired, a large number of such 

monitors may be used to repeat 

the display at locations remote 

from the master-display unit. 

For example, the 7539 may be used 

in airport-survei l lance appl i-

cations where aircraft-t raffic-

condition information may be sent 

overordinary TV-type distribution 

systems to distant cities. Also, 

information from several radar 

instal lations as wel l as ground-

map or special command informa-

tion picked up by TV cameras 

may be readi ly mixed and presented 

as a composite display. 

The characteristics of the 7539 are such 

that the stored information may be extracted and 

displayed at high-brightness levels for a period 

corresponding to many TV scanning frames. 

Depending on the signal-to-noise ratio required, 

this period may be adjusted from several seconds 

to more than a minute by suitable choice of tube 

operating voltages. 

The resolution capabi l ity of the 7539 is 150 

range rings pen display radius with a response 

of 50 per cent or better. To uti l ize ful ly the 

resolution capabi l ity of the 7539, the TV monitor 

system must be designed for resolution in excess 

of 1000 TV l ines. 

Design features of the 7539 include a sturdy 

construction uti l izing special bulb supports, 

glass beading which locks the electrodes in 

permanent relation to each other, and a precision 

al ignment of the coaxial elements. These 

features insure both dependable performance and 

close 

tube. 

smal l 

uniformity in characteristics from tube to 

Another feature of the 7539 is the use of 

recessed cavity caps as envelope terminals. 

PRINCIPLES OF OPERATION 
The 7539 has three sect ions—a writ i ng sect ion, 

a reading section, and a target section— as shown 
in Fig. l . 

Writing Section 

The writing section contains an electron gun 
consisting of an indirectly heated cathode, a 
control grid (grid No. l ), an accelerating grid 
(grid No.2), a focusing grid (grid No.3), and a 
final accelerating electrode (grid No.4) connected 
to the external conductive coating. The writing 
gun produces a high-velocity electron beam which 
is focused electrostatical ly and defected by the 
magnetic fields of external deflecting coi ls. 

Reading Section 

The reading section contains an electron gun 
consisting of an indirectly heated cathode, a 
control grid (grid No. l ), and an accelerating 
grid (grid No. 2). The reading gun produces a 
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Fig.i - Schematic Arrangement o,f Ty¢e 7539• 

READING SECTION 

medium-velocity electron beam which is focused 

and deflected by the magnetic fields of external 
focusing and deflecting coi ls. 

Target Section 

The target section contains a target, a 

shading-electrode, and an output-signal electrode. 
The target consists of a very thin layer of a 
high-resistivity material deposited on the front—
the reading-gun side—of the backplate. The 
backplate is composed of an extremely thin layer 
of metal deposited on the reading-gun side of a 

very fine metal mesh. The backplate al lows high 

transmission of incident writing-beam electrons. 
The thin layer of high-resistivity material is 

cal led the storage layer. The storage layer, 

under normal operating conditions, has a secondary 

emission ratio greater than unity. The storage 
layer also serves as a dielectric for the capa-
citor formed between the backplate and the front 
surface of the storage layef. 

When the front surface of the storage layer 
is bombarded by the medium-velocity electron beam 
of the reading gun, secondary electrons are 
emitted. As the secondary-electron emission ratio 
of the front surface is greater than unity, the 
surface begins to charge i n the positive direction. 
Under continued bombardment, the surface becomes 
increasingly positive with respect to theoutput-
signal electrode unti l a retarding potential 
of a few volts is bui lt up and equi l ibrium 
is establ ished. 

The opposite side of the storage layer—the 
back side— is in mechanical and electrical 
contact with the backplate. Because the back-
plate is at a negative potential with respect 
to the output-signal electrode, a difference of 
potential exists between the two surfaces of the 
storage layer during conditions of equi l ibrium. 
During the writing process, the high-velocity 
electron beam bombards the target. It passes 
through the backplate and penetrates the storage 

92C M -105 36 

layer. The resulting bombardment-induced-

conductivity produced in the storage layer 

lowers the potentials of the front surface 

elements by varying degrees toward the negative 

potential of the backplate. The front surface 

of the storage layer thus acquires a pattern of 

potential variations which corresponds to the 

input video signal. When the writing beam is 
removed, the storage layer gradual ly regains 

normal resistivity. 

Because the output signal from any given area 

of the storage layer is a continuous function of 

the input signal, providing that area is not 

written beyond saturation, storage of a conti-

nuous range of halftone information is possible. 

The writing or discharging characteristic of 
the 7539 is a function of writing-beam current, 
writing-beam velocity, scanning speed, and width 
as wel l as repetition rate of the input-pulse 

signal. 

The change in potential of the storage-
surface elements caused by writing-beam bombard-

ment upsets the equi l ibrium conditions establ ished 

by the reading beam. Secondary electrons, 

produced by reading-gun bombardment of the 

storage-surface elements that have been driven 

toward thenegative backplate voltage by writing, 

are now accelerated to the output-signal electrode 

and constitute the output-signal current. The 
reading process, therefore, serves as an erasing 
process by removing the stored potential pattern 
and driving the storage surface back toward the 
equi l ibrium value. Because the storage layer 

does not immediately regain its normal resistivity 

after the writing beam is removed, and because 

there is relatively large capacitance between 

the front surface and the back surface of the 

storage layer, a large number of scans are 
required before equi l ibrium is reestabl ished. 
The stored signal accordingly "persists" for 
some time. 
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The reading orcharging characteristic ofi the 

7539 is a function of backplate potential and 

reading—gun current. Increasing backplate 

potential and decreasing reading—beam current 

result in increased charging time. By suitably 

adjusting these operating values, the reading 
time can be varied from a few seconds to over 
a minute. 

Because the reading process removes the 

stored—charge pattern and brings the storage—

surface elements to the equi l ibrium potential 

essential for writing, an erasing process is not 

ordinari ly required. 

The maximum number of scanning frames (copies) 

obtainable during the reading process depends on 

the magnitude of the potential variations produced 

on thestorage—surface elements du ring the writing 

process, and the minimum value of reading—beam 

current that can be used in relation to the noise 

level of the associated ampl ifier. 

The shad i ng-e I ect rode i s used to reduce var i a—
tion in the equi l ibrium potential of the storage—

surface elements as a function of their location 

on the surface. As a result of its action, the 

output signal is relatively free from the effect 

commonly cal led "shading". Theshading—electrode 

is operated at apotential somewhat positive with 

respect to that of the backplate. 

General: 

DATA 

Writing Gun Reading Gun 

Heater, for Unipotential 
Cathode: 
Voltage (AC or DC). 6.3 f 10% 6.3 t 10% volts 

Current at 6.3 volts. 0.6 0.6 amp 
Direct Inter electrode 

Capaci lances: 
Grid No.i to all 
other electrodes. 7 6 µµf 

Cathode to all 
other electrodes 4.8 5 µµf 

Output—signal elec—
trode to all 
other electrodes. 15 µµf 

Backplate to all 
other electrodes. 26 µµf 

Focusing Method   Electrostatic Magnetic 
Deflection Method Magnetic Magnetic 
Deflection Angles 
(Approx.)   300 300

Overall Length   25.5" t 0. 5" 
Maximum Diameter  3.40" 

Minimum Useful Target Diameter  2.25" 
Base: 

Wri ting Gun  Tan—Small—Shell Duodecal 7—Pin 
Arrangement 1, (JEDEC No. B7-51~ 

Reading Gun   Black—Small—Shell Duodecal 6—Pin(
Arrangement 1, (JEDEC No.B6-631 

Socket (For either base)   Alden* No.212FTSC, or 
Cinches No.9464-12, or 

equivalent 
Bulb Terminals: 

Cap (Three) .Recessed Small Cavity (JEDEC No.J1-21) 

Flange  See Dimensional Outline 

Operating Position   Tube Axis Horizontal, 
or with the Black—Base End Down 

Weight (Approx  )  1.2 lbs 

Maximum and Minimum Ratings, Absolute—Maximum Values:l

OUTPUT—SIGNAL ELECTRODE—TO—
BACKPLATE VOLTAGE: 
Positive value  100 max, volts 

Negative value  10 max. volts 

OUTPUT—SIGNAL ELECTRODE—TO—
SHADING—ELECTRODE VOLTAGE 100 max. volts 

OUTPUT—SIGNAL ELECTRODE—TO—
GRID—No.2 (Reading Gun) VOLTAGE 100 max. volts 

OUTPUT—SIGNAL ELECTRODE—TO—
EXTERNAL CONDUCTIVE COATING 
(Reading Gun) VOLTAGE   100 max, volts 

SHADING—ELECTRODE—TO—
BACKPLATE VOLTAGE   100 max. volts 

SHADING—ELECTRODE—TO—
EXTERNAL CONDUCTIVE COATING 
(Reading Gun) VOLTAGE   100 max. volts 

BACKPLATE—TO—GRID—No.4 
(Writing Gun) VOLTAGE   100 max. volts 

Voltages are referred to cathode of resflective gun 
unless otherwise indicated 

GRID—No.4 VOLTAGE . 
GRID—No.3 VOLTAGE . 
GRID—No.2 VOLTAGE . 
GRID—No.l VOLTAGE: 

Negative bias value 

PEAK HEATES—CATHODE 
VOLTAGE: 
Heater negative with 

respect to cathode. 
Heater positive with 
respect to cathode. 

Writing Gun 

11000 max, 

3000 max. 
300 max. 

Reading Cun 

— volts 
— volts 

2500 max. volts 

180 max. 0 max. volts 
' 0 min. volts 

125 max. 125 max. volts 

10 max. 10 max. volts 

Typical Operating Conditions and Characteristics: 

Voltages are referred to ground®
unless otherwise indicated 

Writing Gun Reading Gun 

Grid—No.4 Voltage 0 — volts 
Grid—No.3 Voltage 

for Focus   —7000 to —9000 — volts 
Grid—No.2 Voltage —9800 0 to —30# volts 
Grid—No.l—to—Cathode 

Voltage for Beam 
Current Cutoff. —40 to —100 —40 to —100 volts 

Cathode Voltage —10,000 —2000 volts 
Cathode Current: 
Maximum Operatin 

Value (Approx.~ 50~ 200 µa 
Maximum Zero—Bias 

Value   ~ 3.8 ma 
Focusing—Coil Currenim  — 23 ma 
Back plate Voltage. —4 to —7 volts 
Shading—Electrode 

Voltage   10 volts 
Output—Signal—Electrode 

Voltage   0 volts 

Maximum Circuit Values: 

Grid—No.l—Circuit 
Resistance 

Writing Gun Reading Gun 

1.5 max. 1.5 max. megohms 

Characteristics Range Values for Equipment Design: 

Note Min. Max. 

Peak Output—Signal Current. 1 0 3 
Relative Response of Output 

Video Signal   2 50 
Maximum Time to Erase Stored 

Signal to 10% of Value 
Immediately Following Writing 

Minimum Number of Discernible 
Output—Signal Levels  3 u 

Storage Factor for Essentially 
Saturated Writing   1,4 3 — µa—sec 

— µa 

— % 

30 sec 

Note 1: Under the following conditions: The writing—gun 
beamismodulated with pulses whose half—ampl itude 
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duration is between 0.5 and 1.0 microsecond. The 
modulated beam scans the back side of the target 
to produce a PPI display of 150 concentric rings. 
The 150th ring util izes the maximum usable diameter 
of the storage-tube target. 

PPI radial-scan repetition rate. 1000 cps 
PPI radial range period  610 µsec 
PPI scan rotational rate (Approx.) 6 rpm 

The reading-gun beam scans the front side of the 
target to produce a square raster whose usable 
edges (exclusive of blanked portions) are tangent 
to the usable target circumference. 

Vertical scan rate   60 cps 
Horizontal scan rate   28350 cps 
Frames per second  30 
Fields per frame (Interlaced). 2 
Lines per frame  945 
Active field time  90 % 
Active l ine time   63 % 
Aspect ratio   1 

The reading-beam current and/or backplate voltage 
is adjusted so that the output signal from the 
range rings drops to approximately 50% of i ts 
initial level in one PPI rotational period. 

Note 2: Relative response of output video signal is 
defined by the expression h/H in per cent where 
"H" is the peak-to-peak value of output signal 
produced when the reading beam is scanninga 35-
conceniric-ring display immediately following 
writing and "h^ is the peak-to-peak value of 
output signal produced when the reading beam is 
scanninga 150-concentric-ring display immediately 
following wri ting. This ratio is determined under 
the same writing and reading conditions of Note 1 
except the writing section is initially scanned 
to produce the PPI display on the target of 35 
concentric rings and then, after erasure, is 
scanned to produce the PPI display on the target 
of 150 concentric rings. 

Note 3: The minimum number of discernible output-signal 
levels is defined as the number of output-signal 
levels, each related to a different input signal , 
which can be just distinguished from each other 
regardless of their relat ive location on the 
storage surface. 

Note 4: Storage factor is defined as the product of the 
initial value of the peak amplitude of the output-
signal current (above background or equil ibrium 
level)and the time required for the peak ampl itude 
of the output-signal current to drop to 50% of 
its ini tial value. 

~Ir 

Alden Products Company, 117 N. Main Street, Brockton, 
Mass. 

Cinch Manufacturing Corporation, 1026 S. Homan Avenue, 
Chicago 24, Ill inois. 

The maximum ratings in the tabulated data are establ ished 
in accordance with the following definition of the Abso-
lute-Maximum Rating Systemfor rating electron devices. 
Absolute-Maximum ratings are limiting values of opera-
ting and environmental condi tions appl icable to any 
electron device of a specified type as defined by its 
publ ished data, and should not be exceeded under the 
worst probable conditions. 
The device manufacturer chooses these values to provide 
acceptabl serviceability of the device, taking no 
responsibili ty for equipment variations, environment 
variations, and the effects of changes in operating 
conditions due to variations in device characteristics. 
The equipment manufacturer should design so that 
initially and throughout l ife no absolute-maximum value 
for the intended service is exceeded with any device 
under the worst probable operating condi tions wi th 
respect,to supply-voltage variation, equipment component 
variation, equipment control adjustment, load variation, 
signal variation, environmental conditions, and varia-
tions in device characteristics. 

Static bias-voltage value should never be less negative 
than value required for beam cutoff. 

To prevent the possibility of inadvertantly exceeding 
these ratings, i t is recommended that the cathode 
should be connected to the center tap or one side of 
heater transformer. 
External conductive coatings of the 7539 should 
be grounded. 

~ Adjust for optimum stored-signal uniformity. 

~ Peak value. Average cathode current is much lower due 
to nature of radar video signals. 

~ Writing gun must never be operated at zero-bias voltage. 
m 

With Syntronic F106 Focusing Coil , or equivalent. 
Focusing-coil air-gap should be approximately 6.5" from 

'
target flange. 

Adjusted for desired storage-time characteristics. 

OPERATING CONSIDERATIONS 

handling. The 7539 should preferably be 
transportedorhandled with either the black-base 
end down or with the tube axis horizontal to 

prevent any loose particles within the tube from 

striking the storage surface and adhering to it. 

Care should be taken to prevent striking the 
glass-to-metal seals. Such rough treatment wi l l 
cause either immediate or delayed cracking of 
these seals. 

Shielding. Electrostatic, magnetic, and 

l ight shielding are required by the 7539 for 

satisfactory performance. 

Electrostatic shielding of thetarget section 

must be provided to prevent external radiation 

from causing spurious signals in the output 

circuit. This shield must make good electrical 

contact with the external conductive coatings of 

both the reading section and the writing section 

of the 7539. A suitable contact to each of the 

external conductive coatings can be provided by 

phosphor-bronze spring-finger ring contacts 

close to and on each side of the backplate flange. 

Holes for terminal leads should be made through 

the shield material. 

Magnetic shielding of the 7539 and its focusing 
coi l and deflecting coi ls must also be provided 
to prevent external magnetic fields from affecting 
the writing-gun beam and the reading-gun beam, 
and therefore, tube performance. The amount and 
nature of the shielding necessary is dependent 
on the location and intensity of the magnetic 
fields produced by the components of associated 
equipment. The use of a canister-type shield 
made of ahigh-permeabi l ity material is suggested. 
The canister wal l should be at least I/32" thick 
with provisions for adding additional layers of 
shielding material if they are required. 

Light shielding, which may be provided by 
either the electrostatic or magnetic shielding, 
is necessary because the storage-layer material 
of the target is photoconductive. Fai lure to 
provide adequate l ight shielding for the 7539 
results in unstable output-current storage-time 
characteristics and unsatisfactory erasing 

performance. 

Operating Position. The 7539 may be operated 
either horizontal ly orvertical ly with the black-
base end down. Support for the 7539 can be 
effected by mounting the tube on a set of right-
angle "V" blocks within the magnetic shield. 
Suitable straps may hold the tube in place. Care 
must be taken, however, not to exert excessive 
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radial forces on the glass necks of the tube. 

The V-blocks should be of anon-magnetic material 

and should support the tube at no more than two 

axial positions. 

Terminal Connections. The pins of both the 

black and the tan duodecal bases fit a duodecal 

socket. Connection to the backplate flange may 

be made by aspring-loaded contact bearing against 

the rim of the flange. Connections to the output-

signal electrode, the shading electrode, and 

grid No.4 of the writing-gun section are made to 

recessed smal l cavity caps. 

Deflection Considerations. The writing beam 

may be deflected by either a mechanical ly rotating 

pair of coi ls diametrical ly opposite each other 

or by two stationary pairs of coi ls. In the 

latter case, one pair is used for horizontal 

deflection; and theother, forvertical deflection. 

When a rotating pai r of coi ls is used, 
centering of the undeflected writing beam, as 

required for a PPI scan, may be accompl ished by 

means of a centering device of either the electro-

magnetic or permanent-magnet type. This device 

is mounted on the writing-gun neck behind the 

rotating deflecting coi ls. 

When stationary coi ls are used, centering of 

the undeflected writing beam is preferably accom-

pl ished by passing direct current of the required 

value through each pair of deflecting coi ls. 

Appl ication wi l l govern the choice of de-

flecting yokes for the reading and writing guns. 

It is recommended that equipment designers select 

yokes providing deflection angles of at least 

50° even though the tube requires substantial ly 

less deflection. The use of deflecting coi ls 

providing at least 50° deflection minimizes 

cross-sectional beam-distortion effects. 

For PPI to TV-scan conversion, any of the 

deflecting coi ls in the Syntronic* Y15-5, Y17-5, 

Y25-R or Y27-R series, or their equivalents, are 

suggested for the writing gun. Deflecting coi ls 

in the Syntronic Y16-6 series, or equivalents, 

are suggested for the reading gun. 

Positioning of the Deflecting Coils and 

Focusing Coil. Because the glass necks of the 

7539 have mutual axial al ignment and in turn are 

each al igned with the undeflected beams of the 

writing and reading guns, theexternal deflecting 

coi ls and the focusing coi l must be mounted 
coaxial ly with the necks to prevent distortion 

in the scan-conversion process. Interference to 

writing-gun and reading-gun beam formation by 
the magnetic fields of these coi ls is minimized 

if the axial-position l imitations shown in Fig.2 

are observed. 

Having noted these l imitations, the designer 
may position the deflecting coi ls and the focusing 

coi l where they may best serve the requirements 

* Syntronic lnstruments, Inc., 100 Industrial Road, Addison, 
Illinois. 

of this particular system, keeping in mind the 

fol lowing considerations: 

I. Power requirements for the deflecting coi ls 

increase as the yokes are moved closer to 

the backplate flange. 

2. Cross-sectional beam-distortion effects 

resulting from off-axis deflection increase 

as the yokes are moved closer to the back-

plate flange. If yokes designed for 50°

total deflection angle ormore are used, this 
consideration is of secondary significance. 

3. Resolution capabi l ities of the 7539 are 

sl ightly improved as the reading-gun focusing 

coi l is moved closer to the backplate flange. 

4. The overal l effect of pattern distortions 

associated with beam scanning of a flat 

target is minimized if the effective deflec-

tion center of each yoke is located equi-

distant from the backplate flange. 

5. Depending on the physical and electrical con—

figurations of the reading—gun deflecting coi ls 

and the focusing co i I chosen, mode rate spacing 

between these components should be used. 

TARGET SECTION 
~ J ~ 

WRITING SECTION READING SECTION 
~ ', ~ i '~ 1 

DEFLECTING 
COILS 

DEFLECTING 
BACKPLATE COILS 
FLANGE 

OOi'Oi'  ~~ 

i 

~~~ .ee ~``~, 

FOCUSING 
COIL 

;~ 

~•►• ~~ 

I ~ AIR-GAP 
H---62,MAX.~-7~~MAX.—~ CENTER LINE 

OF FOCUSING 
COI L 

92C S -10537 

Fig.a —Limitations to be Observed in Positioning 

External Deflecting and Focusing Coils ,for Type 7539• 

Power—Su~~ly and Gun—Control Considerations. 
Typical power—supply and gun—control circuits for 
use with the 7539 are shown in Fig. 3. This figure 
also shows in block-diagram form the associated 

equipment required for operation of the 7539. 

The coupl ing capacitors C~ and C10 of the 

writing- and reading-gun control circuits have 

much higher voltage ratings, and therefore are 

larger, than the capacitors normal ly encountered 

in video circuitry. Stray wiring capacitance in 

these ci rcuits should be minimized by using 

short, direct leads wherever possible. 

The external conductive coatings of the 7539 

should be grounded not only for safety reasons, 

but also to prevent excessive pickup of noise 
by the target section. 

Because the cathodes of both guns 

high negative voltages, the transformers 

supply current to the heaters as wel l 

a re at 
used to 

as the 
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AC 
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FIG. 4 
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SEE FIGS 
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J 
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TV 

OUTPUT 
v IDEO 

AMPLIFIER 

1 
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I
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—C9 R19 

R20 
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R21 
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R 

10 
MA 

READING-GUN CONTROL CIRCUIT 
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2 
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X13 
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AC 

~I 
CIO 

SYNC 
GENERATOR 

TV 

VIDEO 
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MONITOR 

TYPE 
IN441-B 
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~ 6.3 V 
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0 

K 
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AC 
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MONITOR 

6 

K7 
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AI 
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FAILURE 

o 
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  PROTECTIVE ERASE 
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6.3 V IA 
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AC 
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16 SYNCHRONIZED WITH 2-KV AC SUPPLY VOLTAGE. 

^ 1̂50 V Q+ 
\W 3MA = 

All resistors may have tolerance of t10 ¢er cent 
unless otherwise indicated 

C1: 0.1 µf, paper, µ00 v working voltage 
C2: 0.1 µf, plastic film, 5 kv working voltage 
C3, Cµ: 20 µf, electrolytic, 150 v 

working voltage 
C5: 4 µf, electrolytic, 150 v working voltage 
C6: 0.5 µf, paper, 200 v working voltage 
C7: 0.05 µf, plastic fi lm, 15 kv 

working voltage 

C8: 1 µf, paper, 100 v working voltage 

Cq: 0.1 µf, paper, 200 v working voltage 

C10: 0.1 µf, plastic film, 3 kv working voltage 
C 11: 4 µf, electrolytic, 150 v working voltage 

C12, C13: 20 µf, electrolytic, 150 v 
working voltage 

K 1: S. P.S. T. relay, normally open. Voltage 
rating is dependent on particular scan—
failure circuit used. 

K 2: S.P.S.T. vacuum relay, normally closed. 
Insulated for 15 kv. 

K3: S. P.S.T. relay, 10—second time—delay, 
normally open, 117 v ac 

Kµ: S. P.S. T, relay, normally closed, 117 v ac. 
Insulated for 3 kv. 

K5: S.P.S. T. relay, 10—second time—delay, 
normally open, 117 v ac 

K6: S.P.S.T. relay, normally open. Voltage 
rating is dependent on particular scan—
failure circuit used. 

K7: S. P.S.T. relay, normally open, 117 v ac. 
Insulated for 3 kv. 

R1: 2 megohms, 5 watts, 2500 volts 

R2: 300000 ohms, 2 watts 
R3, Rµ: 200000 ohms, 1 watt 

R5. R6: 300000 ohms, 1 watt 
R7: 15—megohm potentiometer, IRC type HV-15, 

or equivalent 
R8: 7 megohms, 25 watts, 10000 volts 

Rq: 10000 ohms, 10 watts, adjustable 

R10: 82000 ohms, 1/2 watt 

R11: 100000—ohm potentiometer, 1/2 watt. 
Bias—voltage control. 

R12~ R13~ 33000 ohms, 1/2 watt 
R1µ: 1 megohm, 1 watt 

R15: 39000 ohms, 1 watt 
R16: 10000—ohm potentiometer, 1/2 watt. 

Uniformity control. 
R17: 1 megohm, 1 watt 
R18: 100000—ohm potentiometer, 1/2 watt. 

Bias—voltage control. 
R19, R20: 33000 ohms, 1/2 watt 

R21: 82000 ohms, 1/2 watt 

R22: 10000 ohms, SO watts, adjustable 

T1: Heater transformer wi th secondary 
insulated for 15 kv. 

T2, T3; Heater transformer 

Tµ: Heater transformer with secondary 
insulated for 3 kv. 

Fig.3 — Typical Power—Supply and Gun—Control Circuits with Block Diagram 
of Associated Equipment for Type '7539• 

92CL-10534 
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sources ofcontrol-grid signals must be adequately 

insulated from ground. It is recommended that 

the cathode of each gun be connected directly to 

the mid-tap of its associated heater winding. 

The high voltages at which the 7539 is 

operated may be very dangerous. Great care 

should be taken in the design of apparatus to 

prevent the operator from coming in contact with 

the high voltages. Safety precautions include 

the enclosing of high-potential terminals and 

the use of interlocking switches to break the 

primary circuit of the power supply when access 

to the equipment is desired. 

In the use of high-voltage tubes, it should 

always be remembered that high voltages may appear 

at normal ly low-potential points in the circuit 

as a result of capacitor breakdown or incorrect 

circuit connections. Therefore, before any part 

o~thecircuit is touched, thepower-supply switch 
should be turned off, and both terminals of any 
capacitors grounded. 

Failure of Scanning. Fai lure of scanning 

whi le either beam is turned on may permanently 

damage the target. Provision should therefore 

be made to cut off beam current of both guns 

automatical ly incase of scanning fai lure. Cutoff 

may be effected by making the control grids—

grid No. I of the writing gun and the reading gun—
sufficiently 'negative with respect to the gun 

cathodes. The beams must be cut off nearly as 

rapidly as the decrease in scanning current occurs. 
The protective circuit for the 7539 should be 

capable of cutting off the writing beam and the 

reading beam within 50 mi l l iseconds after scanning 

fai lure. The protective circuit may be actuated 

by a tube that is control led by a portion of the 

scanning pulse voltage developed across the 

deflecting coi ls. It is important that the 

horizontal andvertical scanning each independently 

actuate the protective circuit in case either 

should fai l. 

Regulation of Bias Su~~lies. Because the 

output signal and reading duration are critical ly 

dependent on the beam current of both the reading 

gun and the writing gun, it is essential that 

grid-No. l bias suppl ies have good regulation if 

variations in out put signal and in reading duration 

are to be avoided. In addition, the voltage 

supply providing the writing-beam accelerating 

potential must have substantial ly less ripple 

than is permitted in ordinary cathode-ray tube 

circuits. Ripple in this supply should be kept 

to a value substantial ly less than 0. 1 volt. 

Crosstalk. At a writing-gun accelerating-
electrode (Grid No.4) voltage of 10 .ki lovolts, 

less than 20 per cent of the writing-beam current 

appears in the output-signal electrode circuit. 
For most appl ications, writing beam current is 

low and feed-through is not discernible in the 

output display. However, if cancel lation of 

crosstalk is desired, simple mixing, in opposite 

phase or polarity, of a writing-beam sample with 

the output signal of the tube should be adequate. 

RF carrier separation techniques need not be 

used. Operating the writing gun of the 7539 

at reduced accelerating voltages also reduces 

crosstalk toanegl igible value but this procedure 

also reduces tube resolution. 

Reading Duration Control.. Reading duration 

may be adjusted by cont ro I of read i ng-beam cu rrent 

and to a lesser degree by control of backplate 

voltage. The basic control of this performance 

characteristic should be effected by adjustment 

of reading-gun beam current. 

Erasure. Ordinari ly there is no need to 

program an erasing sequence but under certain 

conditions—such as radar-range changes— rapid 

clearing of information may be desirable. The 

fol lowing procedure should be used for erasure: 

I. Simultaneously adjust backplate voltage to 

+50 volts, shading-electrode voltage to -25 

volts, and the reading-gun grid-No. l bias 

voltage to 0 volts. 

2. After a 10-second interval, readjust back-

plate- and shading-electrode voltages to 

thei r normal operating voltages. 

3. Al lowa 10-second interval before readjusting 
the reading-gun grid-No. l bias voltage to 

its normal operating voltage. 

4. An additional 10-second delay permits asso-

ciated equipment to regain stabi l ity. 

As i nd i Gated i n Fig. 4, the erasing sequence may 
be effected by using time-delay relay circuitry. 

Video-Drive Considerations. Information to 
be stored by the 7539 should be appl ied as a 
video signal to the control grid (grid No. l ) or 

the cathode of the writing gun. Video signals 

are treated the same as if they were to be dis-

played on ordinary cathode-ray display tubes. 

Grid-No. l bias voltage is first adjusted to cut-

off completely writing-beam current. An un-
blanking pulse, coincident in time with the 
writing-beam scanning waveform, is then appl ied 

to grid No. l to al low the writing-beam current 
to reach the threshold of writing. For PPI 
displays, a larger writing-beam current is 

required to obtain this threshold at the edges 

of the PPI pattern than is required at the center. 
The necessary current waveshape is obtained by 

additively mixing a sawtooth waveform with the 

basic rectangular unblanking pulse. The ampl itude 

of the sawtooth component depends on the range 

and azimuth repetition rates, and the scanning 

times associated with the particular radarsystem. 

The video signal may be either mixed with this 

composite unblanking signal and appl ied to grid 

No. l of the writing gun, or the video signal may 

be appl ied directly to the cathode of the writing 

gun with the composite unblanking signal appl ied 

to grid No. l of the writing gun. Regardless 

of the method used, the ampl itude of the video 

signal is dependent on the particular parameters 

of the radar system used. 
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BACKPLATE SHADING OUTPUT-SIGNAL 
OUTPUT CIRCUIT FLANGE ~ ELECTRODE ~ ELECTRODE 

C 1 , C 2,: 1 

150 V 
(C~1 3 MA 

R2 

(G71 4 MA 

µf, 
100 

K 1: S.P:S.T. relay, SO—second 
t ime—delay, normally closed, 
117 v ac 

K 2: 3 P.D.T. relay, 117 v ac 
K 3: S. P. S. T. relay, 20-second 

time-delay, normally closed, 
117 v ac 

SIGNAL OUTPUT 
TO VIDEO PREAMPLIFIER 

ERASING-SEQUENCE CIRCUIT 

 OA 

117 V AC 
OPERATES 
RELAY 

TO SWITCH 
READING-GUN 
GRID N'I TO 
ZERO BIAS 
VOLTAGE 

 OB 
92CM-10540 

All resistors may have tolerance of t10 qer cent unless otherwise indicated 
paper, K u: S. P.S. T. relay, normally open, R7: 1000—ohm potentiometer, 
v working voltage 117 v ac 1/2 watt. Storage—

time control. 
2400 ohms, 1/2 watt 
47000 ohms, 1/2 watt. 

Representative value. 
D. P. S. T, momentary contact 
(spring return), normally 
open. "Push-to-erase" 
switch. 

Fig.q -Output Circuit and Erasing-Sequence Circuit .for Type 7539• 

R1: 

R2: 

R3: 
Rq: 

R5: 
R~; 

43000 ohms, 1 watt 

1000 ohms, 1/2 watt 

62000 ohms, 2 watts 

6200 ohms, 1/2 watt 

330 ohms, 1/2 watt 

10000 ohms, 1/2 watt 

Video—Amplifier Circuitry. Typical video 
ampl ifier circuits for the 7539 are shown in 
Fig. 5. In most appl ications, the peak—to—peak 
output signal current of the 7539 is in the order 
of tenths of a microampere. Video ampl ifiers 
should, therefore, be designed for high gain 
and low noise. A cascode—type preampl ifier 
fol lowed by appropriate high—peaker stages is 
highly recommended because of the extremely low 
equivalent—noise—input current that can be 

real ized with this type of ampl ifier system. 
For example, such a system designed fora noise—
equivalent bandwidth of 18 Mc may have an 
equivalent—noise—input current of less than 0.02 

microampere rms value. An ampl ifier having a 
noise—equivalent—bandwidth of at least 18 Mc is 
necessary to ful ly uti l ize the capabi l ities of 
the 7539 in scan—conversion systems employing 

945 l ines per frame and 30 frames per second. 

The designer may wish to add one or more 
video—ampl ifier stages between the cascode pre—
ampl ifier and the high—peaker stage. It is good 
practice to ampl ifiy the output signal from the 
cascode preampl ifier to a high level —avoiding 
overload conditions—before feeding the signal 
into the high—peaker stage. In Fig.5 the output 
signal of the preampl ifier stage is approximately 
0.25 volt. If additional ampl ification is 
desired, one or two video—ampl ifier stages each 
having a gain of 5 are recommended. 

Ra: 

Rq: 

Sw; 

SET-UP PROCEDURE 

The fol lowing steps should be fol lowed when 

first placing the 7539 in operation: 

I. Insert the 7539 in its mount, position the 
external deflecting and focusing coi ls, and' 
attach sockets. 

2. Make certain that the deflection circuits 
are functioning properly to cause the beams 
to scan the target. 

3. Be sure the grid-No. l voltage of each gun is 
adjusted beyond beam cutoff and then apply 
voltages as indicated under Typical Oberation. 

This procedure is essential to avoid possible 
damage to the target. 

4. Adjust the reading-gun grid-No. l bias voltage 
so that a picture of the 7539 target becomes 
visible on the system display monitor. 

5. Adjust reading-beam deflection circuitry as 
required. In a typical PPI to TV system, 
the edges of the useful target area should 
l ie tangent to the reading raster. 

6. Adjust reading-gun focusing-coi l current for 
sharpest picture of the 7539 target as seen 
on the system display monitor. 

7. Set backplate voltage to -4 volts and reading-
gun grid-No.2 voltage to -25 volts. 

8. Without applying the input video signal, 
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C1: 
C2: 
C3: 
C4: 

C5: 
C6: 

C7: 

CASCODE VIDEO PREAMPLIFIER 

O 
VIDEO SIGNAL 

FROM 
OUTPUT-SIGNAL 
ELECTRODE OF 

7539 

SEE NOTE 3 
/~/ + 

205 V + 
~ql 20 MA 

HIGH-PEAKER STAGE 

R17 L3 

All resistors nay have tolerance of t10 qer cent 
unless otherwise indicated 

10 µf, electrolytic, 450 v working voltage 
0.1 µf, paper, 100 v working voltage 

10 µf, electrolytic, 450 v working voltage 

0.01 µf, paper, 400 v working voltage 

0.22 µf, paper, 200 v working voltage 

0.001 µf, ceramic disc,600 vworking voltage 

500 µf, electrolytic, 25 v working voltage 

Cg: 0.22 µf, paper, 400 v working voltage 

Cg, C10: 40µf, electrolytic, 250vworkingvoltage 
C11: 150 µf, mica, 500 v working voltage 
C12: 20 to 200 µµf, ceramic trimmer, 500 volts. 

This trimmer provides compensation over a 
range of 30 to 50 µµf for the high-
frequency-response attenuation caused by 
the capacitance at the 5842/417-A grid. 

013: 30o µf, electrolytic, 150 v working voltage 
C14: 0.1 µf, paper, 400 v working voltage 

L1: 

L2: 

L3: 

L4: 

R1: 

R2: 
R3: 
R4: 

R5: 
R6: 
R7: 

5 µh ' 
10 µh 
5 µh 
10 µh 

330000 ohms, i/2 watt 
270000 ohms, 1/2 watt 
47000 ohms, 1/2 watt 
750 ohms, 2 watts 
12000 ohms, 2 watts 
510000 ohms, 1/2 watt 
750 ohms, 2 watts 

5600 ohms, i/2 watt 

22000 ohms, i watt 

R17: 750 ohms, 1 watt 

Riq: 3600 ohms, 2 watts, 5 per cent tolerance 

R20: 1000 ohms, 1/2 watt, 5 per cent tolerance 
R21: 4700 ohms, 1/2 watt 

Rg: 200 ohms, 1/2 watt 

Rq: 680 ohms, 1 watt 

R10~ 

R11~ 

R12: 

R13' 

4700 ohms, 1/2 watt 
200 ohms, 1/2 watt 

1 megohm, 1/2 watt 
82000 ohms, 1/2 watt 

R14: 1 megohm, 1/2 watt 

R15~ 
R16~ 

R18• 

VIDEO OUTPUT 
SIGNAL TO 
NEXT STAGE 

92CM-10539 

NOTE I: BECAUSE THIS IS A LOW-IMPEDANCE PART OF 
THE CIRCUIT, THE 5842/417-A SHOULD BE LOCATED 
CLOSE TO THE 7539 TO PERMIT USE OF A SHORT, 
DIRECT INPUT LEAD TO MINIMIZE STRAY INPUT CAPACI-
TANCE. THE CONNECTION FROM THE 5842/417-A PLATE 
TO THE 6BQ7-A CATHODE MAY BE A LOW-IMPEDANCE 
CABLE UP TO 18" IN LENGTH. 

NOTE 2: VALUES SHOWN FOR L1, Lz, L3, L4, R7, 
R10• R 7, AND R21 ARE APPROXIMATE VALUES FOR AN 
AMPLIFIER BANDWIDTH OF 15 Mc. THE INDUCTORS 
SHOULD BE SLUG-TUNED FOR INDIVIDUAL TRIMMING OF 
THE FREQUENCY RESPONSE CHARACTERISTIC. 

NOTE 3: THE INDIVIDUAL DESIGNER MAY WISH TO ADD 
ONE OR MORE ADDITIONAL VIDEO-AMPLIFIER STAGES 
BETWEEN THE CASCODE PREAMPLIFIER AND THE HIGH-
PEAKER STAGE. 

Fig.S - Typical Video Preamplifier Circuit and High-Peaker 
Amplifier Circuit for Type 7539• 

adjust writing-gun grid No. I and/or unblanking 
signal level so that bombardment of the 7539 
target by the writing beam is just evident. 

9. Adjust writing -beam deflection circuitr,~ 
as required. 

10. Adjust the shape of the sawtooth waveform 

which is superimposed on unblanking pulse 

and concurrently adjust writing-gun grid-No. l 

bias voltage for threshold writing over al l 
areas encompassed by the writing scanning 

pattern. 

I I. Adjust reading-gun grid-No. l bias voltage so 

that writing is just below threshold. 

12. Apply video signals (e.g. range marks) to 
produce writing pattern. Adjust input video-
signal ampl itude to a value just below that 
which produces visual evidence of crosstalk 
on system display monitor. 

13. Adjust writing-gun grid-No.3 voltageforbest 
focus of writing pattern as seen on system 
display monitor. 

14. Readjust reading-gun grid-No.2 voltage for 
minimum variation of intensity of output 

signals. At optimum value of reading-gun 

grid-No.2 voltage, the output display wi l l 

show more detai l than otherwise. 
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15. Apply video signal which is to be processed 
for display. 

16. The reading-gun grid-No. l bias voltage may 
now be adjusted to give the desirerJ reading 
duration f i.e.displaypersistence) . Secondary 
control of reading duration may be effected 
by adjustment of backplate voltage within 
range shown under Typical Operation. 

REFERENCES 

L. Pensak, "Picture Stora e Tube", Electronics, Vo1.22, 
No.7, pp.84-88 (July, 1949. 

L. Pensak, "The Graphechon—A Picture Storage Tube", RCA 
Review, VoI.X, No.l, pp.59-73 (March, 1949). 

A.H. 8ennerand L.M. Seebergger, "Gra~hechon Writting Charac-
teristics", RCA Review, Vo1.XII, No. 2, pp.230-250 (June, 
1951). 
M. Knoll and 8. Kazan, "Storage Tubes and Thetir Basic 
Princibles", John Wiley & Sons, Inc., New York, (1952). 

DOS and DON'TS 
on Use of RCA-7539 

Here are the "dos"—
I. Handle the 7539 with care. 

2. Use extreme caution when install ing the 7539. 
3. Be sure that both beams are always cut off 

before applying operating voltages. 

4. Operate the reading gun first so that effects 
of subsequent writing-beam operation may be 
observed on monitor. 

Here are the "don'ts"—
I. Donut strike glass-metal seals of the 7539. 

2. Donut operate the 7539 without scanning. 

3. Don't use excessive writing-beam current. 

The significance of each of these ^dos" and "don'ts" in 

obtaining optimum performance from the '7539 is explained 
in the preceding pages of this bulletin. 

Information furnished by RCA is bel ieved to be accurate 
and rel iable. However, no responsibil ity is assumed by 
RCA for its use; nor for any infringements of patents 
or other rights of third parties which may result from 
its use. No l icense is granted by impl ication or 
otherwise under any patent or patent rights of RCA. 
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Ep=6.3 VOLTS-EACH GUN 
BACKPLATE VOLTS•=-5 
OUTPUT- SIGNAL- ELECTRODE VOLTS ~ =0 
SHADING-ELECTRODE VOLl'5~=+10 

Wining Gun 

GRID-N~4 VOLTS 0 
GRID-N4 3 VOLTS ADJUSTED FOR 

BEST FOCUS 
GRID-N~ 2 VOLTS ~ -9800 

GRID-NCI VOLTS 

CATHODE VOLTS 

FOCUSING-COIL MA 

ADJUSTED FOR 
THRESHOLD OF 

WRITING IN ABSENCE 
OF VIDEO-INPUT 

SIGNAL 
-10000 

SCANNING 
RADIAL REPETITION 

RATE (CPS) 
RADIAL RANGE 

PERIOD (µSEC) 
ROTATIONAL RATE 

(RPM) 
VERTICAL RATE 

(CPS) 

HORIZONTAL RATE 
(CPS) 

VIDEO-INPUT SIGNAL: 
PULSE LENGTH 

(µSEC) 

PEAK-TO-PEAK VOLTS 
ABOVE CUTOFF 

REFERRED TO GROUND. 

0.4 

F-N ] w 
a~ F a 0.3 
~g 
OQ 
Y~ 

WV 
a~ 

OJ
rQ
~z Y 
wN 
a 

0.2 

0.1 

PPI 

1000 

610 

6 

30 

5 

Reodhq Gun 

ADJUSTED FOR 
MOST UNIFORM 

DISPLAY 
ADJUSTED FOR 

READING DURATION 
AS SHOWN 

-2000 

ADJUSTED FOR 
BEST FOCUS 

TV 

60 

28350 

I I I I ~ I
 NOTE: THE VIDEO-INPUT SIGNAL 
  IS APPLIED JUST BEFORE AND 
  REMOVED JUST AFTER THE 
  WRITTEN PPI PATTERN REACHES 
  DISPLAY POINT AT WH CH OBSER-
  VATION IS TO BE MADE. 

0 10 20 
TIME AFTER WRITING- SECONDS 

30 

92CM-10544 

Fig.6—Typical Storage Characteristic 
of Type ry539• 

Ep=6.3 VOLTS-EACH GUN 
BACKPLATE VOLTS=-5 
OUTPUT -SIGNAL-ELECTRODE VOLT5~=0 
SHADING-ELECTRODE VOLTS*=+10 

Wiidnq Gun 

GRID-Ns4 VOLTS 0 

GRID-N~ 3 VOLTS ~ ADJUSTED FOR 
BEST FOCUS 

GRID-N' 2 VOLTS ~ -9800 

GRID-Ns I VOLTS ~ 

CATHODE VOLTS' 

FOCUSING-COIL MA 

ADJUSTED FOR 
THRESHOLD OF 

WRITING IN ABSENCE 
OF VIDEO-INPUT 

SIGNAL 
-10000 

SCANNING: 
RADIAL REPETITION 

RATE (CPS) 
RADIAL RANGE 

PERIOD (µSEC) 
ROTATIONAL RATE 

(RPM) 

VERTICAL RATE 
(CPS) 

HORIZONTAL RATE 
(CPS) 

VIDEO-INPUT SIGNAL: 
PULSE LENGTH 

(µSEC) 

PEAK-TO-PEAK VOLTS 
ABOVE CUTOFF 

REFERRED TO GROUND. 

Reodhq Gun 

ADJUSTED FOR 
MOST UNIFORM 

DISPLAY 
ADJUSTED FOR 

READING DURATION 
OF 10 SEC 

-2000 

- ADJUSTED FOR 
BEST FOCUS 

PPI TV 

1000 

610 

6 

0.75 

5 

60 

28350 
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0 50 100 150 
RANGE RINGS PER DISPLAY RADIUS 
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92CM-10543 

Fig.7 —Typical Resolution Characteristic 
of Type 7539• 
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Ep VOLTS 
WRITING GUN=6.3 
READING GUN=NO VOLTAGE APPLIED 

Wiifing Gun 
GRID-N'3 VOLTS -8000 

GRID-N42 VOLTS -9800 

GRID-N°I VOLTS ADJUSTED TO GIVE 
INDICATED VOLTS 

~ ABOVE CUTOFF 

CATHODE VOLTS -10000 
FOCUSING-COIL MA —

CATHODE CURRENT EQUALS GRID-N'3 CURRENT PLUS 
BEAM CURRENT (APPROXa. 

BEAM CURRENT IS THE CURRENT COLLECTED BY THE FOLLOW-
ING ELECTRODES TIED TOGETHER AND GROUNDED WRITING-
GUN GRID NQ 4, BACKPLATE,OUTPUT-SIGNAL ELECTRODE, 
SHADING-ELECTRODE, READING-GUN GRIDS N3 2 S I, AND 
READING-GUN CATHODE. 

~ REFERRED TO GROUND. 
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WRITING-GUN GRID-N' I VOLTS ABOVE CUTOFF 

92CM-10541 

Fig.B — Writing—Gun Control—Grid Characteristics 
o,f Tyye 7539• 

Ef=VOLTS 
WRITING GUN=NO VOLTAGE APPLIED 
READING GUN=6.3 

BACKPLATE VOLTS* +50 

SHADING-ELECTRODE VOLTS-25 
Reading Gun 

GRID-N^I VOLTS ADJUSTED TO GIVE 
INDICATED VOLTS 
ABOVE CUTOFF 

~I 
CATHODE VOLTS -2000 

FOCUSING-COIL MA 23 

BEAM CURRENT IS THE CURRENT COLLECTED BY THE BACK-
PLATE WITH THE FOLLOWING ELECTRODES TIED TOGETH-
AND GROUNDE D~ WRITING-GUN GRIDS Ns 4,3,2,1 AND CATH-
ODE,READING-GUN GRID N32,AND THE OUTPUT-SIGNAL 
ELECTRODE. 

'REFERRED TO GROUND. 
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Fig.q — Reading—Gun Control—Grid Characteristics 
of Tyge 7539• 
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DIMENSIONAL OUTLINE 

WRITING ENO 

SMALL-SHELL 
DUODECAL 7-PIN BASE 

ARRANGEMENT I, 
JEDEC M~B7-51 

(NOTES 183) 

EXTERNAL 
CONDUCTIVE 

COATING 

GRID N~4 
RECESSED SMALL 

CAVITY CAP 
JEDEC N~JI-21 

(NOTE 2) 

BACKPLATE 
FLANGE 
(METAL) 

OUTPUT-SIGNAL 
ELECTRODE 

RECESSED SMALL 
CAVITY CAP 

JEDEC N~JI-21 
(NOTE 2) 

EXTERNAL 
CONDUCT I V E 

COATING 

SMALL-SHELL 
DUODECAL 6-PIN BASE 

ARRANGEMENT I, 
JEDEC N'86-63 

(NOTES 183) 

TAN BASE 

12.75 
±.25~ 

1.44 ~ i.06~~ 

7.75 
±.i2~ 

3.25 
+.I 1 ~~ 
-10~ 

3.40~~ 
A MAX. 

3.25 
+.II~~ 
-.10~~ 

SHADING~ELECTRODE 
RECESSED SMALL 

CAVITY CAP 
JEDEC N~JI-21 

(NOTES 182) 

7.75 ~ 
±.12 

W 

1.44 ~t.06 

BLACK BASE 

25.5 + 5.~ 

READING END 
92CM-10518 

ENLARGED DETAIL 
OF 'TARGET SECTION 

I. 
OBO~~ t.09~~ 

MAX 

I.00~~ 
t.09~~ 

3.00~~ f . I 1 ~~ 

1.25~~ 
METAL ±.10~~ 

3.40 
MAX. 'IY

METAL T 
I.50~~ 
±.10 

i 

92C5-10522 

NOTE I: THE PLANE THROUGH THE TUBE AXIS AND THE KEY OF 

EITHER DUODECAL BASE MAY VARY FROM THE PLANE THROUGH THE 

TUBE AXIS ANDCL OF THE SHADING-ELECTRODE CAP BY AN ANGULAR 

TOLERANCE OF ±10°MEASURED ABOUT THE TUBE AXIS. 

NOTE 2: THE PLANETHROUGH CL OF THEOUTPUT-SIGNAL-ELECTRODE 
CAP AND GRID-No.0 CAP MAY VARY FROM THE PLANE THROUGH fL 
OF THESHADING-ELECTRODE CAP AND THE TUBE AXIS BY AN ANGULAR 
TOLERANCE OF ±SO° MEASURED ABOUT THE TUBE AXIS. 

NOTE 3: THE AXIS OF EITHER DUODECAL BASE WILLNOT DEVIATE 
MORE THAN 20 IN ANY DIRECTION FROM THE AXIS OF THE TUBE 
ENVELOPE. 
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BASING DIAGRAM 

BACK-
PLATE 

WRITING SECTION 

End View of Duodecal 7 -Pin Base Depicted by Sol id Lines 

PIN 1: HEATER 

PIN 2: GRID N0.1 

PIN 6: GRID N0.3 
PIN 7: NO CONNECTION 

PIN S0: GRID N0.2 

PIN li: CATHODE 

P1N 12: HEATER 
CAP ON WRITING 

GUN SIDE OF 
FLANGE (Cap located 
on side of tube 
opposite base key): GRID NO. u, EXTERNAL 

CONDUCTIVE COATING 

READING SECTION 

End View of Duodecal 6 -Pin Base Depicted by Dashed Lines 

PIN 1; HEATER 

PIN 2: GRID N0.1 

P1N 6: GRID N0.2 

PIN 10; NO CONNECTION 

PIN il; CATHODE 
PIN 12; HEATER 

C: EXTERNAL CONDUCTIVE COATING 

TARGET SECTION 

FLANGE: BACKPLATE 
CAP ON READING 

GUN SIDE OF 
FLANGE (Cap located 
on side of tube 
over base key) : SHADING ELECTRODE 

CAP ON READING 
GUN SIDE OF 
FLANGE (Cap located 
on side of tube 
opposite base key): OUTPUT-SIGNAL ELECTRODE 
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