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RADIO CORPORATION OF ARPIERICA
RCA INTERMNATIONAL DIVISHORN

HARRISON, NEW JERSEY

LICENSEE SERVICE @

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 af
modulator.

The 4603 is intended for use as a plate-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 a plate-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.

Very truly yours,

R. F. SIMOKAT
RFS:mlm Licensee Service



4612"

SUPER-POWER TRIODE

Double-Ended 0.4 Megawatt as Linear Designed
Terminal Configuration RF Amplifier in Particle to Simplify
for Symmetrical Circuitry Accelerator Service at 475 Mc Broadband Circuitry

RCA-4612 is awater-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 amplifier at frequencies up to 600 Mc. put, the double-ended tube allows operation at

higher frequencies.

To simplify 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 andgrid from cathode.
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
stability to the 4612.

GRID-CATHODE —|——
COOLING COURSE LOWER GRID
| TERMINAL
FILAMENT ——
TERMINAL
FILAMENT
LOWER LOWER PLATE
CATHODE TERMINAL
TERMINAL :
) | PLATE
Ratings and typical operation areestablished ] = %&kgg}
for the 4612 as a linear rf power amplifier in z
particle accelerator—or equivalent—service. “}’
In this application, the tube will provide a
useful peak power output of 0.4 megawatt at y
475 Mc with duty factor of 0.16 and pulse dura- }
tion of 8.33 milliseconds.
The 4612 features a symmetrical double-ended [
terminal configuration for symmetrical circuitry
: ; UPPER PLATE
which places the electrical center of a half- i TERMINAL
wavelength portion of a resonant cavity in the
) UPPER CATHODE ; UPPER GRID
active region of the tube electrodes. This TERMINAL TERMINAL
arrangement provides the following advantages
over a single-ended structure: for a given diam-

eter, the double-ended tube can be designed ‘

CERAMIC RINGS | 92CM-11742
* RCA Commercial Designation for Dev. Type A-15010. Fig.1 - Structural Arrangement of Type 4612.
Trademark(s) ® Registered ELECTRON TUBE DIV'S'ON 4612 7-62
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The 4612 also features an internal electrode

structure consisting of aprecisely spaced cylin-
drical identical each

array of 96 triode units,

employing a matrix-type, oxide-coated filamentary

cathode to provide high emission, long life and

economical operation.

These outstanding advantages and features of

the 4612 prompt
For preliminary information regarding

its use in a wide variety of ap-
plications.
other possible services, see the sheet attached
to this bulletin. For further

requested services,

information on

these and contact your RCA

field representative or the nearest District
Sales Office.

GENERAL DATA

Electrical

Filamentary Cathode, multistrand,

matrix-type, oxide-coated:

Current (DC):
Typical operating value . . . . 1800 amp
Maximum valued. . . . . . . . . 2000 amp
Max imum value for starting,

even momentarily. . . . . . .

Minimum time to reach

2000 amp

operating current . . . . . . 30 seconds
Minimum time at normal oper-
ating current before plate
voltage is applied. . . . . . 60 seconds
Voltage (DC):b
Typical value required to
obtain 1800 amperes . 1.50 volts
Maximum value under any
condition = « w « = w s« © & w» 2.0 volts
Pump, electronic high-vacuum type:
Maximum voltage . . « « « « . . 3500 volts
Maximum current . . . . . . . . . 5 ma
Direct Interelectrode Capacitances:
Grid to plate . . . + « v o 0 . . 150 nuf
Grid to cathode . . . . . . . . . 1600 puf
Plate to cathode. « « « « o .Less than 1.0 puf

Mechanical:

Operating Position. . Tube axis vertical, either end up

Overall Lengths » s« o ¢+ 5 & 5 & & 19.5 inches
Maximum Diameter. . . . . . . 23: 5 inches
Terminal Connections. . . . . . . See Dimensional Outline
Weight (Approx.). . « « « v « « « . 220 1bs
Thermal:

Ceramic-Ring Temperature. . . . 150 max. O¢
Metal Surface Temperature . . 150 max. 9%
Minimum Storage Temperaturec. & 5 & -65 min. ¢

Air Cooling:

It is important that the temperature of any external
part of the tube not exceed 1500 C. In general, forced-
air cooling of the ceramic rings and the ad)acent 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 quant|ty of air across the ceramic rings
and adjacent termlnal areas to limit their maximum tem-
perature to 150° c.

water Cooling:

Water-cooling of the grid-cathode structure and the
plate is required. The water flow must start before
application of any voltages inorder 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-
plies is recommended to prevent tube damage in case of
failure of adequate water flow. The use of distilled
water is essential.

water Flow:
Pressure

. Absolute
J’yl?zcal Mtpnlz:um ;g;fe;’yepratczaall
gpm gpm 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. & & o & o o & 20 15 1.5
Resistivity of water
at 259 C:
Plafle w o w ¢ o m & o om o s o o 1 min. megohm-cm
Grid-Cathode. .« . + « v « & « o & 5 min. megohm-cm
water Temperature from any outlet . 70 max. %
External Gas Pressure®. . . . . . . 65 max. psig

Maximum Water Pressure

at any intet® . . . . . .. ... 90 max. psig
LINEAR RF POWER AMPLIFIER IN
PARTICLE ACCELERATOR SERVICE
For frequencies up to 600 Mc and with "ON"
time of 8.33 milliseconds in any 16.6 milli-
second interval, and for altitudes uﬁ to 5000 ft.
Max imum Ratings, 4bsolute-Maximum Values:
DC PLATE VOLTAGE. . . . . . . . . . 16,000 max. volts
DC GRID VOLTAGE . . « « « « « v « .« . -150 max. volts
PEAK PLATE CURRENT. . . « « . . . . . 100 max. amp
PEAK CATHODE CURRENTf © P WE s & 5 % 120 max. amp
PLATE DISSIPATION (AVERAGE) . . . . 300,000 max. watts
Typical Operation:
4t 475 Mc with pulse waveform shown
in Fig.2 and duty factor of 0.166
DC Plate Voltages s « « s « s s = &« & 12,000 volts
DC Grid Voltage . . « & & « & &« & o & 0 volts
Peak Plate Current. o « « w « w w o w 90 amp
Peak Cathode Currentf N 100 amp
Peak Driver Power Outputg S R 25,000 watts
Useful Peak Power Output. . . 300,000 watts

2 The specified maximum filament current is a maximum

rating which should not be exceeded, even momentarily,
during operation of the tube. The Vife of the tube can
be conserved by operating the filament at the lowest
current which will enable the tube to provide the desired
power output. Because the filament 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 will
give adequate but not excessive emission for any par-
ticular application. Good regulation of the filament
current is, in general, economically advantageous from
the V|ewpo|nt of tube 1ife.



Measured between KL and KU (See Terminal Diagranm).

The tube 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
cated typical flow.

With gauge located inan 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.)

9 priver 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.

indi-

DEFINITIONS

Rating System — The maximum ratings inthe tabulated data
are established in accordance with the following defini-
tion of the Absolute-Naximum Rating System for rating
electron devices.

Absolute-Maximum ratings are limiting values of operating
and environmental conditions appl|cable 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 serV|ceab|l|ty of the device, taking no re-
spon5|b|]|ty for equipment varlatlons enV|ronment vari-
ations, and the effects of changes in operatlng conditions
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 vari-
ation, equlpment control adJustment load variation,
signal variation, environmental cond|t|ons and variations
in device characteristics.

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

Pulse Duration — The time interval betweenthe 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.

pulses
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Fig.2 - Pulse Waveform for Grid-Pulsed Amplifier
in Particle Accelerator Service.

GENERAL CONS IDERATIONS
Identification

The serial number which
and which should be used
concerning the tube, is printed on the name
plate loccated on the outside diameter of the
plate terminal, as indicated on the Dimensional
Outline. Other numbers stamped externally on
the tube are for purposes of manufacturing re-
cords only.

identifies each 4612
in any correspondence

Handling

In transportation, handling, and storage of
the 4612, care should be taken to protect the
tube from rough handling that would damage the
seals or other parts. Care should be taken to
avoid distortion ordamage to the filament, cath-
ode, or grid terminals by bumping or improperly
fitting connectors. NEVER SUPPORT NOR ALLOW THE
TUBE TO REST ON THE FILAMENT TERMINALS, UPPER OR
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 |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 isplaced instorage, the internal ducts should
be blown free of water especially if the storage
temperature will drop below 0° C (32° F). 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
filtered air, these areas collect 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 cleanliness 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 possibility 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.



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
filament, it is recommended that the filament
connectors be kept short tominimize voltage drop.
The use of coaxial filament connectors is recom-
mended. The connector for the coaxial terminals
of the filament should be of the coil-spring,
pressure-contact type. (See Detail of Filament
Terminals). The filament connectors should make
firm, large-surface contact. Caution should be
exercised when assembling or disassembling the
filament connectors so that the filament ter-
minals are not loosened. To avoid loosening of
filament terminals, always rotate connectors
clockwise when viewing tube from filament-ter-
minals end, both for assembly and disassembly of
filament 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 applied 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 installed 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 cooling 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
cooling courses of the tube, and provision for
interlocking the water flow through each of the
coolant courses with the power supplies.

The low-volume water-supply to the grid-cath-
ode coolant courses requires a very high quality
water (minimum resistivity of 5 megohm-centi-
meters), whereas the high-volume water supply to

the plate coolant course requires only high-
quality water (minimum resistivity of | megohm-
centimeter). Therefore, it is economically
feasible to tap a portion of the water to the
plate coolant course, and by additional filter-
ing, provide the water supply tothe grid-cathode
coolant course.

It is essential that the insulating tubing
between the cooling-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 |0 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 cooling. Series or parallel
arrangement of the water ducts is permissible so
long as the specified flow, pressure and outlet
temperature ratings are observed. Caution: The
feed-pipe system should be so designed that all
of the water indicated by the flow-meter at each
outlet passes through the associated water duct
within the tube, and isnot shunted inadvertently
by any other path.

Precautions

Proper functioning of the water system is of
the utmost importance. Even a momentary failure

of the water flow will damage the tube. |In fact,
without water flow, the heat of the filament
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 fail. This may be done by
the use of water-flow iinterlocks which open the
power supplies when the flow through any element
is insufficient or ceases. The water flow must
start before application of any voltages and
preferably should continue for several seconds
after removal of all 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
eliminate contamination of the water by oil,
dust, etc., some impurities are likely to enter
the water. The use of a strainer with at least
60-mesh screen is recommended in the water-supply
line as near to the tube as possible to trap any
foreign particles likely to impair the water-
flow through the tube ducts. Also, a regenera-
tion loop followed by a submicron filter should
be employed.



Use of Water

In the design of a cooling system utilizing
water, it is recommended that the system be of
the closed type utilizing distilled water. When
pure distilled water is introduced into the sys-
tem, it becomes contaminated by the system com-
ponents. For example, in a copper-plumbing
system the presence of oxygen and carbon dioxide
enhances the dissolution of copper into the sys-
tem water and its subsequent deposition ascopper
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. Eventually the
amount of precipitated oxide may reach a magni-
tude such that it will thermally insulate the
plate fromthe water and cause the plate to crack
because of insufficient cooling.

It is essential (1) that high-quality water
be used to fill the system initially, (2) that
provision be made for continuous regeneration
(purification) of the system water, and (3) that
steps be taken to eliminate insofar as possible
the sources cof contamination. These requirements
are necessary to prevent scale formation, cor-
rosion, and excessive electrolysis. Any one of
these conditions can greatly reduce tube life.
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 solids. The most
thorough means for determining the quality of
the system water is by a complete chemical anal-
ysis. Such an analysis, although difficult, can
be performed by a qualified testing laboratory.

A suggested method of achieving suitable
quality of the system water is as follows:

I. Use only distilled water to fill the system.
The use of distilled water avoids the intro-
duction of organic or colloidal matter that
may exist in de-ionized water.

2. To maintain acceptable quality, 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
filters. 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 life of the regeneration
loop may be improved by retarding the rate of
recontamination of the water by foreign mat-
ter. Pipe lines 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-
ingtheairwithnitrogenunder slight 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 |0 megohms at 25° C.

________ DIRECTION
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Lo____ 3 I
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(0.01 cell constant) and meter,

1. Resistivity cell "
This

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

2. Oxygen-removal resin, such as Barnstead No0.0810
cartridge, in BD-2 Bantam Demineralizer.

3. Mixed bed demineralizer, such as Barnstead Type M
Bantam Demineralizer.

u, Sub-micron filter, such as Barnstead MF-25.
5 Flow meter.

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

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

Although an accurate chemical analysis is the
absolute method of checking systemwaterquality,
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 falls below | 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 realized with a
properly operating regeneration loop. For ex-
ample, the specific resistivity can have a theo-
retical maximum value of |8 megohm-cm at 25° C.



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 25°C values for comparison with the specified
values by means of the following equation:

Rys0 = Ry, [I + 0.025 (t; - 25)] (1)
where:
Rp50 is the converted value of the measured re-
sistance of resistivity.
Rty is the measured resistance or resistivity
at water temperature t;.
14 is the water temperature indegrees Centi-

grade at which the resistance or resistiv-
ity is measured.

ELECTRICAL CONSIDERATIONS

Plate Dissipation Calculation

An approximated value of the platedissipation

may be calculated from the following equation:

Pwatts = n (to - t;) x 264 (2)

In which t; is the temperature of the water at

the inlet to plate in degrees Centigrade, tqy is

the temperature of the water at the outlet from

plate in degrees Centigrade, and n is the number

of gallons per minute of total flow through the
two parallel plate cooling courses.

In the above equations, the values for tg
and t; are read on thermometers installed in the
pipe lines as close to the tube as possible.

Protection Circuits

The plate voltage at which this tube operates
15 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 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 supplies when any gate or door
on the protective housing is opened, and should
prevent theclosing of this primary circuit until
the door is again locked.

An interlocking relay system should be pro-
vided to prevent application of the plate voltage
pulse priortothe application 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 application
of voltage until the filament 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 remove theplate voltage with-
inlOmicroseconds 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-foil" test de-
scribed below is recommended. When the plate
modulation system passes this test,simple inter-
ruption of the modulator trigger following the
occurrence of a fault will be adequate.

The following 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 follows: Disconnect the plate lead from
the 4612. Fasten to the '"disconnected" plate
lead from the modulation system a small sheet
(approximately 2" x 2") of thin aluminum foil,
such as ordinary household foil. Then discharge
the full rated voltage of the plate modulation
system by bringing a grounding rod slowly up to
the piece of metal foil. The protective device
is not needed when the discharge of the plate
modulation system produces not more than a pin-
hole inthe foil attached to the plate modulation
system lead.

The protective device employed to remove the
plate voltage in any installation must be ap-
proved by an RCA field representative or by the
nearest District Sales Office. In addition, the
rf-power—-input transmission line should be pro-
vided with VSWR protection to remove drive power
and plate voltage within |0 milliseconds 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. Thedrive pulse should start ahead of the
plate pulse, and should remain on after the end
of the plate pulse to insure this condition.
However, thedrive-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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Filaments

The 96 interconnected matrix-oxide filaments
in the 4612 constitute the filamentary cathode.

A filament starter should be used to raise
the filament voltage and current gradually in
order to limit the high initial surge of current
through the filament 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 filament
transformer, or an adjustable autotransformer.
Regardless of the method of control, it is im-
portant that the filament starting current never
exceed a value of 2000 amperes, even momentarily.

The life of the filament can be conserved
by ‘operating it at the lowest filament current
which will give adequate but not excessive emis-—
sion to enable the 4612 to give the desired
power output. Because the filament when opera-
ted near the maximum value of current provides
emission in excess of any requirements within
tube ratings, it is recommended that the fila-
ment current be reduced to a value that will
give adequate but not excessive emission for any
particular application. Good regulation of the
filament current is in general economically
advantageous from the viewpoint of tube l|ife.

During long or frequent standby periods, the
4612 may be operated at decreased filament volt-
age to conserve life. It is recommended that
the filament current be reduced to 80% of normal
during standby periods up to 2 hours. For
longer periods, the filament 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 all 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 life are
achieved because the sputtering rate is a linear
function of pressure. This action is accom-
plished by the application 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
supplied by a suitable isolation transformer.
This power supply should also provide adequate
metering to permit monitoring of gas currents
fromseveral microamperes to several milliamperes.

Utilizationof the permanently attached elec-
tronic high—vacuum pump will provide maximum
reliability, but is not necessary for nmormal
tube operation.

Driver

The value of driver power output given in
the tabulated data (See Typical 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 all 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 line
voltage, in components, in initial tube charac-
teristics, in tube characteristics during life,
and transmission-line mismatches.

Break-In Procedure

The following "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 1: 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 filament in the normal
manner and operate at the prescribed
typical operating filament current for
15 minutes.

Step 3: Apply reduced value of rf drive power
(approximately three-quarters normal
drive power) for 5 minutes.

Step 4: Apply reduced value of positive-pulse
plate voltage (approximately one-half
normal voltage) for several minutes until
stable performance is obtained.

Step 5: Increase rf drive power to normal.

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

Step 6: Increase plate voltage to normal, grad-
ually or in steps. Operate the tube
for several minutes until stable per-
formance is obtained at each plate volt-
age level.

After giving the 4612 the above treatment
and after it lis operating normally to give the
desired output, it is suggested that the read-
ings of the meters and flow indicators as well
as the control settings be logged.
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DIMENSIONAL OUTLINE

; /\
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/

UPPER PLATE WATER CONNECTOR
(NOTES 3 & 4) OOO" LOWER PLATE WATER

CONNECTOR (NOTES 3 & 4)

UPPER PLATE TERMINAL
CONTACT AREA (NOTE 2)

ELECTRONIC HIGH —
VACUUM PUMP

““MOUNTING BOLT HOLES
(NOTES 2,8 & 9)

B AGRER ~————(I12) MOUNTING HOLES
PUMP MAGNE (NOTES |

& 8)

UPPER PLATE WATER CONNECTOR

(NOTES 3 & 4)
LOWER PLATE WATER
CONNECTOR (NOTES 3 & 4)
e———————15.500" + .025" DIA.———————»
(NOTE 11)
6.625" + .005" DIA. —>
(NOTE 1)
6.230" £ .005" DIA. —
(NOTE 11)
5.945"+ 005" DIA.—
(NOTE 11)
e 3.625"+ 0I5"—
" DIA.
(NOTE 11) (NoTE 1)
. —|—2.385"MIN. . .
UPPER GRID_OUTPUT TERMINAL (NOTE Il INOTE 2
CONTACT AREA E—
7
UPPER CATHODE TERMINAL LY/ ! UPPER GRID INPUT TERMINAL
CONTACT AREA (NOTE 7) | CONTACT AREA (NOTE 6)
/ 5.090"
UPPER PLATE TERMINAL 425
CONTACT AREA (NOTE z’\ i
" \
4000
[e— MAX. v
1l 2 i SIDE_RODS
l = (NOTE 9)
|
f\ /
4 NAME "
PLATE 9.000
PUMP MAGNET—> (NOTE 10) 125
LSRNl :
[/
LOWER PLATE WATER _1 /
CONNECTOR (NOTES 3 & 4) [ 44, m|
\
n UPPER PLATE WATER CONNECTION
: (NOTES 3 & 4)
LOWER PLATE TERMINAL | |
CONTACT AREA (NOTE 2) 4.260" ] <7 A\ LOWER CATHODE TERMINAL CONTACT AREA
125 L o\ FILAMENT TERMINAL (INNER) SEE DETAIL
,l/' \ FILAMENT TERMINAL (OUTER) SEE DETAIL
LOWER GRID_OUTPUT TERMINAL—
CONTACT AREA | ——— .

LOWER_GRID INPUT TERMINAL)
CONTACT AREA (NOTE 6)

CERAMIC
CONTACT AREA 92CL-11740



NOTES FOR DIMENSIONAL OUTLINE

NOTE I: TWELVE (12) MOUNTING HOLES EQUALLY SPACED ON A

BOLT CIRCLE OF 14.250" DIAMETER. THE HOLES ARE 0.u437"
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 150TH STREET, CLEVELAND
11, OHIO. THE PLUGS ARE LOCATED 90° APART AND ARE ALTER-
NATED SO THAT TWO UPPER PLATE CONNECTORS, 1809 APART, ARE
CLOSER TO THE UPPER PLATE TERMINAL AND THE TWO LOWER
PLATE CONNECTORS, 1800 APART, ARE CLOSER TO THE LOWER
PLATE TERMINAL.

NOTE Y4: THE PLATE WATER FLOW IS OPTIONAL AS FOLLOWS:
a. FROM BOTH UPPER TO BOTH 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 8: HOLE LOCATION
THE HOLES

IN LOWER PLATE ARE DIRECTLY BENEATH
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 10: NAME PLATE MAY BE LOCATED BETWEEN ANY TWO ADJA-
CENT PLATE WATER CONNECTORS, EXCEPT THAT OCCUPIED BY PUMP
NOTE Il: DIMENSION APPLIES TO BOTH ENDS OF TUBE.

DETAIL OF FILAMENT TERMINALS

GRID-CATHODE

1.700”+ .005"DIA.

WATER FLOW
\ \
N AL 23
" V)
2N BN
S%our IN é \\
N\ A
’i / Z \ 22'%?8”
N 7 7 3.375"
3.995~ 2 5 N +.035"
995 7
+.030 N é / $$
2 N D 7N
T 7 655'
_i_ | +.015”
A Y ¥
2757 % ] ~J N
j 100” \
00| [ MAX. NOTE 5
L "75|D”| :_.oos”__
mapg et
. 3.oo%|:foos -
3.126” + 005"
M Dia. —
F——————‘——'lezﬁ;i'05”'—“'*'—--*’
92Cs-11743
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FILAMENT TERMINAL (INNER)
FILAMENT TERMINAL (OUTER)
UPPER CATHODE TERMINAL
LOWER CATHODE TERMINAL

UPPER GRID

REFERENCE

M. V. Hoover, "Advances in the Techniques and Applications

of Very-High-Power Grid-Controlled Tubes”, Proceeding

s of

I'nternal Convention on Microwave Valves, May, 1958.

Proceedings Institution of Electrical Engineers (Lond
Vol.105, Part B Suppl. No.10 1958.

TERMINAL DIAGRAM

GUO: UPPER

GLI: LOWER

GLO: LOWER

PL: LOWER

INPUT TERMINAL PU: UPPER

For location of respective terminals,
see Dimensional Qutline

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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GRID OUTPUT TERMINAL
GRID INPUT TERMINAL
GRID OUTPUT TERMINAL
PLATE TERMINAL
PLATER TERMINAL









4612

SUPER-POWER TRIODE
PRELIMINARY TECHNICAL OBJECTIVE DATA

{

The design of the RCA—46I2,|ends itself for
use as an rf power amplifier,” rf |inear power
amplifier, and rf-pulsed amplifier and should be
considered for use in single-sideband service,
long-range search radar, pulsed transmission in
communications service, and other applications
employing high-power rf circuits.

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

DEF INITIONS

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

Pulse Duration — Thetime 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.

"Single-Tone" — Modulation in which the grid input con-
sists of a monofrequency rf signal having constant ampli-
tude. This signal is produced in a single-sideband
suppressed-carrier system when a single audio frequency
of constant amplitude is applied to the input of the system.

PLATE-AND-GRID PULSED AMPLIFIER*
Typical Operation:
Inacathode-drive circuit, with rectangular

waveshape pulses with duratton of 30 micro-
seconds at 425 Mc and a duty factor of 0.01.

Peak Positive-Pulse Plate Voltage?. . . . . 25,000 volts
Peak Cathode-to-Grid VOltageb s e 60 volts
Reak Plate CUrrent. = » o' o o = o comms 57 o 400 amp
Peak Cathode Current® . . . . . . . . ... 500 amp
Peak Driver Power Outputd (Appiroxs) = s w 0.2 mw
Useful Peak Power Output (Approx.). . . . . 5 mw

LINEAR RF POWER AMPLIFIER*
Single-Sideband Suppressed-Carrier Service

Typical Operation:

With "Single-Tone' modulation
and at a frequency of 450 Mc.

DC Plate Voltage. . « « « ¢« « &« « o o o & 16,000 volts

DC Grid Voltage . . . . s m v W e s 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.) 6 s v e a # o o e 30,000 watts

Max.-Signal Usefu1 Power Output (Approx.). 600,000 watts

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).

For General Data, Established Ratings, Dimen- d Driver power output includes circuit losses %nd is the
. 3 . . . actual power measured at the input to the grid circuit.
sional Outline, a"? Operatlng'Conslderatlons, It will vary depending upon the frequency of operation and
refer to the technical bulletin for the 4612. the current used.
* This information applies tocontemplated performance and . )
is subject to change. No obligations are assumed as to I'nformatlon furnished by RCA is believed to be accurate and re-
future performance in this service unless otherwise ar- liable. However, no responsibility is assumed by RCA for its use;
ranged. For further information regarding this applica- nor for any infringements of patents or other rights of third
tion, contact your RCAfield representative or the nearest _parties \yhich may result from its use. No license is granted by
District Sales Office. implication or otherwise under any patent or patent rights of RCA.
Trademark(s) ® Registered ELECTRON TUBE DIVISION 4612 7-62

Marca(s) Registrada(s)

RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY

Printed in U.S.A.




RADIQO CORPORATION OF AMERICA
RCA INTERNATIONAL DIVISION

HARRISON, NEW JERSEY

LICENSEE SERVICE @

NEW RCA-4616
SUPER~POWER
BEAM POWER TUBE
February 15, 1963

Gentlemen:

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 tube, the RCA-4616, formerly Dev, No, 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 600 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 tube's use in airborne and light-weight portable equipment,

The 4616 retains the outstanding features of the RCA Super-Power
Ty "tetrode" line: sturdy mechanical structure consisting of a symmetrical

) array of unit electron—optical systems surrounding a centrally located
plate, low-loss ceramic insulators, integral by-pass capacitors between
grid No.2 and cathode, integral coolant ducts for effective cooling of the
electrodes, and large-area rf electrode terminals.,

Further technical information for the 4616 is in preparation,

Very truly yours,

R.F. SIMOKAT
Licensee Service
RFS:mg




RADIO CORPORATION OF ARMERICA
RCA INTERMNATIONAL DIVISION

HARRISON, NEW JERSEY

LICENSEE SERVICE @

RCA-4617
NEW SUPER-POWER UHF TRIODE

April 4, 1963

Gentlemen:

RCA-4617, formecly Dev. No.Al5025B, 1s a new, uhf, water-cooled, super-
power triode for use as a pulsed-rf power amplifier up to 450 Mc in search
radar, pulsed transmission 1n communications or control service, and particle-
accelerator service.

Like 1ts prototype, RCA-7835, the 4617 can deliver 8 megawatts of short-
pulse power (25-microsecond pulse at 0.0] duty factor). Unlike 1ts 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, 1t 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 be given on request.

Very truly yours,

R. F. SIMOKAT
Licensee Service

RFS/mg



at 600 MHz

; ®
CERMOLOX

Matrix-Type Unipotential Cathode
Forced-Air Cooled
1350 Watts CW Power Output

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 a plate-modula-
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,
af power amplifiers or modulators, linear rf power am-
plifiers (AM or television), 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.

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 inthe Application Guide for RCA
Power Tubes, ICE-300e.

INDEX page
I. DESCRIPTION
Generdl Datai s s v s s sswem s svmsmss was 1
RATINGS. o ivs sr5iie) @751 & 8500060 o) i i@t ol ot & 2.3
Footaotes mie 5sm s @5, 56606 il & % a) & lebods & 2
Characteristics Range Values . . ... ... .. 3
Dimensional Outline . ... ... ......... 4
Terminal Digagram : « e ww v e s mwe o 0 s 5 e 4
Il. CHARACTERISTICS
Cavity Tuning Curves + oo vt v v e onnos 5
Constant-Current Curves. « « v v v v v v 0 oo oo 6,7
Cooling wewesspnanssswmanies ssmnas 8
MEURE NG i & B S e TRl IS: fahlo heasce! i oo 8
Il. GENERAL APPLICATIONS
® This bulletin is to be used in conjunction with
the publication Application Guide for RCA Power
Tubes, ICE-300. For a copy, write RCA, Com-
mercial Engineering, Harrison, N.J.

GENERAL DATA

Electrical:

Heater for Matrix-Type Oxide-
Coated Unipotential Cathode:

5.5 typical volts
Voltage (acorde). .. ......

6.0 max. volts
Current at 5.5 volts 17.3 A

Minimum heating time b) minutes

See further information on the heater in Appli-
cation Guide for RCA Power Tubes, ICE-300;

Section V.A.3, Filament or Heater.
Mu-Factor, Grid No.2 to Grid
No.1 for plate volts = 2500,
grid No.2 volts = 600, and

platemA=600 .......... 17
Direct Interelectrode
Capacitances:
Grid No.1to platea . . ... .. 0.181 max. pF
Grid No.1 to cathode & heater 492 pF
Plate to cathode & heatera,b_  (.017 max. pF
Grid No.1 to grid No.2 . . ... 55 pF
Grid No.2 to plate. . .. .... 12 pF
Grid No.2 to cathode & heaterb 1.4 max. pF
Mechanical:
Operating Position .. ..cuceaosvoeansnes Any
Overall Lenpth, , . ....cvvusussvnss 3.34" max.
Greatest Diameter ................ 3.75" max.
Terminal Connections ., . . .. See Dimensional Outline
Radiator ., .. « oo o v wwis o s s o Integral part of tube
Welght (Approx.) .:secescosasosws s s 2 1bs.
Thermal:
Terminal Temperature (Plate,
grid No.2, grid No.1, cathode,
and heater) ., . ........... 250 max oC
Plate-Seal Temperature . . . . ... 250 max oC

See Dimensional Qutline for temperature-mea-
surement 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.

4618 8-66
Supersedes 4618 4-63
Printed in U.S.A.

Trademark(e) ® Registered
Marca(s) Registrada(s)

RADIO CORPORATION OF AMERICA
Electronic Components and Devices Harrison, N. J.
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Maximum CCS Ratings, Absolute Values:

LINEAR RF POWER AMPLIFIER, CLASS AB+©
Single-Sideband Suppressed-Carrier Service

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

Typical CCS Class AB; ““Single-Tone'’ Operation

Up to 1215 MHz Up to 60 MHz
DC PLATE VOLTAGE. . ........ 3000 max. volts  DC Plate Voltage . . . ...... 2950 2250  volts
DC GRID-No.2 VOLTAGE. ....... 1000 max. volts DO Grid No.2 Voltage, « . .. ... 700 700 volts
MAX.-SIGNAL DC PLATE CURRENT 1.0 max. A DC Grid-No.1 Voltage . . . . ... 50 50  volts
MAX.-SIGNAL DC GRID-No.1 Zero-Signal DC Plate Current .. 0.2 0.2 A
CURRENT. . .....ccvveunn 0.2 max. A Zero—Signal DC Grid-No.2
MAX.-SIGNAL PLATE INPUT. . ... 2500 max. watts COETit .« oo o e o e e e n e s 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.1 Circuit Resistance Current. .......oovuuu.. 0.045 0.045
Under Any Condition: Max.-Signal DC Grid-No.1
e ; Currentu e o s e s w8 905 5 0 0 A
W}th f.1xed bllas Ceeeee 5000 max. ohms Max.-Signal Peak RF Grid-No.1
With fixed bias (in Class
. Voltage: i s sss s amanmswsm 50 50  volts
ABy operation) . . v« v e vv v Not recommended Max.-Sienal Driving P
With cathode bias Not ded LS T, O
"""""" Qb FetOiuenae (Approx.). « v v v v v v v v nn 0 0 watts
Grid-No.2 Circuit Impedance . . .. .. .. .. See note d  Max.-Signal Power Output
Plate Circuit Impedance, , ., . ... ..... See note e (APPIOX.). « v v veee e e v ns 1000 1250  watts

PLATE-MODULATED RF POWER AMP.-Class C Telephony®

Carrier conditions
modulation factor o

Maximum CCS Ratings, Absolute Values
Up to 1215 MHz

fpfrotube for use with max.

Typical CCS Operation in

Grid-Drive Circuit at 600 MHz:

DC PLATE VOLTAGE. .. ... 2500 max. volts 7
DC GRID-No.2 VOLTAGE. . . . 1000 max. volts DC Pl?te Voltage : s sm 55 s s 1800 2000 volts
DC GRID-No.1 VOLTAGE. . .. -300 max. volts DC Grid-No.2 Voltage ... ... 500 500 volts i
DC PLATE CURRENT. ..... 0.85 max. A DC Gl‘id-NO.l Voltage ...... =75 =75 volts
DC GRID-No.1 CURRENT. ... 0.2 max. A DCPlate Current . ... ... .. 0.75  0.83 A
PLATE INPUT. . .« oo oo .. 1700 max. watts  DC Grid-No.2 Current. . . . . .. 0.015 0.015 A
GRID-No.2 INPUT. . . ...... 35 max. watts  DC Grid-No.1 Current
PLATE DISSIPATION 1000 max. watts (BpProx.). s o s s 0 s w4 & & 0.04 0.04 A
Driver Power Output

Maximum Circuit Values: (APProX.). v v v v e v e e 50 55  watts
Grid-No.1-Circuit Resistance: Useful Power Output

Under any condition. . . . .. 5000 max. ohms (ADProX.). v v v v v v v e a s 650 800  watts

FOOTNOTES

@ With external flat metal shield having diameter of 8"

and

spring fingers that connectthe shield to grid=No.1 terminal.

center hole approximately 3" in diameter provided with
spring fingers that connectthe shield to grid-No.2 terminal.
Shield is located in plane of grid-No.2 terminal perpendicu-
lar to the tube axis.

Shield islocated in plane of grid-No.1 terminal perpendicu-
lar to the tube axis.

€ See Section V.C. of 1CE-300.
d See Section V.B.2 of ICE-300.

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

€ See Section V.B.1 of 1CE-300.
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RF POWER AMPLIFIER & OSC. — Class C Telegraphy®

and

RF POWER AMPLIFIER — Class C FM Telephony®

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.1 Voltage . ... .. . “s <5 el
DC Plate Current . . ....... 0.9 1.0 A
DC Grid-No.2 Current. . .. ... 0.02 0.02 A
DC GRID—NO.I VOLTAGE. oo e -300 max. volts DC GI‘id—NO.l Current
(CAPProxals s sw sim v 5.5 v s 0.07 0.07 A
DC PLATE CURRENT. ... .. 1.0 max. A Output Circuit Efficiency
‘ (Approx.). « v v v v v v v ... 90 90 %
DC GRID-No.1 CURRENT. ... 0.2 max. A Driver Power Output
(ApProx.). v v e v v v v v v 70 75  watts
Useful Power Output
PLATEINPUT........... 2500 max. watts (APPIOX.). & v e e e e e e ns 1050 1350 watls
GRID—NO.Z INPUT......... 50 max. watts Maximum Circuit Valuves:
Grid-No.1-Circuit Resistance:
PLATE DISSIPATION . ..... 1500 max. watts Under any condition. . . ... 5000 max ohms
CHARACTERISTICS RANGE VALUES
Note Min. Max. Note 1: With 5.5 volts ac on heater.
W - T T—— 1 16.3 18.2 A Note 2: With external flat metal shield having diameter of 8'",
PSSR S SSE S e . . and center hole approximately 3" in diameter provided
. with spring fingers that connect the shield to grid-
2. Direct Int:ereleCtrOde No.2 terminal. Shield is located in plane of grid-No.2
Capacitances: terminal perpendicular to the tube axis.
Grid No.1 to plate. . . 2 - 0.181 pF Note 3: With external flat metal shield ha\//irll'g diameter of 8",
0 and center hole approximately 2-3/8'" in diameter pro-
Grid No.1 to cathode vided with spring fingers that connect the shield to
& heater....... - 37 46 pF grid-No.1 terminal. Shield is located in plane of grid-
Plats to cathiode No.1 terminal perpendicular to the tube axis.
& heater. . ... .. 2,3 = 0.017 pF Note 4: With dc plate voltage of 2500 vo&]ts, dc grid-No.2 volt-
. . t f 600 volts, and dc grid-No.1l voltage adjusted
Grid No.1 to grid No.2 - 46 62 pF tc?ggeivz a plazg current of 0.6 amperes.o
Grid No.2 to plate. . . - 9.9 13.1 PE Note 5. With de plate voltage of 3000 volts, dc grid-No.2 volt-
Grid No.2 to cathode age of 1000 volts, and dc grid-No.1 voltage adjusted
& heater. . ..... 3 - 1.4 pF to give a plate current of 20 mA.
. Note 6: With dc plate voltage of 2500 volts, dc grid=No.2 volt-
3. Mu-Factor, Grid No.2 to age of 500 volts, anddc grid-No.1 voltage adjusted to
Grid No.1........ 1.4 8 24 give a plate current of 0.6 ampere.
. Note 7: In a CW cathode-driven amplifier circuit at 600 MHz
4. Cutoff Grid-No.1 and for conditions: dc plate voltage at 2500 volts, dc
Voltage. . . . ...... 1,5 - -140 volts grid-No.2 voltage of 700 volts, and dc grid-No.1 volt-
5. Grid-No.2 Current 1.6 _98 +192 mA age adjusted to give a plate current of 1.0 ampere.
) . ’ Note 8: As specified in MIL-E=IE Test Method 1031, and with
6. Useful Power Qutput. .. 1,7 1000 - watts plate voltage of 450 volts, grid-No.2 voltage of 300
volts, grid-No.1 voltage varied to give a plate current
7. Low-Frequency Vibration 1,8 - 500 mV of 10 mA, and plate load resistor of 2000 ohms.
8. High-Frequency Vibration 9 (See Note 9) Note 9: As specified in MIL-E-IE Test Method 1031.
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DIMENSIONAL OUTLINE

3.72 £.03 DIA.

NOTE |
/’AIR COOLED RADIATOR

219
04
278
£or
3.24
PLATE TERMINAL racs
CONTACT SURFACE
3210 MIN, DIA, —
NOTES | &2
105 MIN, ——
GRID-No.2 TERMINAL -
CONTACT SURFACE
3.010 MIN. DIA. e
NOTES (82 M T
GRID=No. | TERMINAL 37
CONTACT SURFACE  “Zn% 03
2.307 MIN. DIA. - |48
NOTES I8 2 2
=
HEATER - CATHODE
TERMINAL /— REFERENCE _J I_ —
CONTACT SURFACE 725 ThEN ] .
1710 MIN. DIA. 200 MIN. MAX. DIA:
NOTES 18 2 NOTES | & 2 ;299

STIPPLED REGION
NOTE 3

CERAMIC INSULATOR

PY TERMINAL TEMPERATURE
MEASUREMENT POINT

135 MIN.

DIMENSIONS IN INCHES

NOTE 1: 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

o Qa0 T

. Plate Terminal — 3.2605

. Grid-No.2 Terminal — 3.0605
. Grid-No.1 Terminal — 2.
. Heater-Cathode Terminal — 1.7445

3375

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.

HEATER-TERMINAL CONTACT SURFACE

92CL-12603

TERMINAL DIAGRAM
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CAVITY LENGTH L—INCHES

TUNING CHARACTERISTICS

GRID No.l (G|} TO GRID No.2 (G2)

i)
ola

]

I7 e
345 0D U
29
43510 ;i

Zo = 24.4 OHMS

0]

200 400 600 800 1000 1200 1400

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

@

0O 200 400 600 800 1000 1200 1400

FREQUENCY—MHz

92CM-1259I
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GRID-Mo.| VOLTS

40

30

20

-0

-20

TYPICAL CONSTANT-CURRENT CHARACTERISTICS

With Grid-No.2 Velts = 500

Ef=5.5VOLTS

GRID—No.2 VOLTS =500
Ip = PLATE AMPERES

Ic|= GRID—No.| AMPERES ===

Icp = GRID—No.2 AMPERES == =—— ———

Ip=4.8

Ic,=1.0

4.0

0.75

3.8

3.0

0.5

? 2.5
/ 0.25
1 %
Ip=1.5
1.0
0.5
500 1000 1500 2000 2500

PLATE VOLTS

92CM-9744RI
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92CM-9752RI

TYPICAL CONSTANT-CURRENT CHARACTERISTICS

With Grid-No.2 Volts = 700
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FORCED-AIR COOLING

AirFlow:

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.1 voltages.
See graph, Typical Cooling Characteristics.

To Plate, Grid-No.2, Grid-No.1, 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.

PRESSURE DROP—

CURVE | |NCHES OF WATER
A 0.35
B 0.6
¢ i
0 .5

°C

250

MAXIMUM ALLOWABLE TEMPERATURE RISE
/ WITH INCOMING-AIR TEMPERATURE OF 45°C

200

150

100

50

PLATE - SEAL-TEMPERATURE RISE ABOVE INCOMING-AIR TEMPERATURE

20 60 80

PER CENT OF MAXIMUM RATED PLATE DISSIPATION
FOR EACH CLASS OF SERVICE

a0

100

92CM-9737RI

TUBE EXTRACTOR
Suggested Design

aniessnun SN v

_.250"+.005" DIA.
2 HOLES

- ~

N ",
N 1.0154.005"R.
\

| (|
i
) /

-
~

~

v

. = -
'R \\ '/
" 06"R. & o
06 R. ﬁ:% ~——.140"+.005" DIA.
3 \;A ‘ 2 HOLES
NOTE I: MATERIAL Y THICK i

COLD ROLLED STEEL \./e 3°
‘,/4 5°

NOTE 2: SLOT BETWEEN HOLES
92CS-9759RI

NOTE 3: ROUND ALL EDGES

MOUNTING

See the preferred mounting arrangement below. See section

II1.C.3.a of 1CE-300 for a description of the fixed method of
mounting. The adjustable method is not recommended for the
4618.

PREFERRED MOUNTING ARRANGEMENT

[ |.9I2 DIA.

«—.025 WIDE x 500 DEEP
(8 SLOTS EQ SP)

|‘7 725 DIA.

.594 DIA

500 DIA. —»| L =

DETAIL

ENLARGEMENT

2602

DIMENSIONS IN INCHES



UHF Grid-Drive Operation

Distributed Amplifier Service to 500 Mc RCA 46 2 4
Matrix-type Unipotential Cathode iy

300 Watts UHF TV Output at 890 Mc

nowans pep et oM. | BEAM POWER TUBE

Forced-Air Cooled

RCA-4624* is a compact forced-air-cooled GENERAL DATA
ceramic-metal beam powertube designed especially  Electrical:
for use in broadband uhf amplifier service in sta-  Unipotential Cathode, Matrix Type:
. . i Heater voltage (ac ordc). . . . . . 6.3 volts
tionary and portable equipment. It is rated as an s el B E  « v v 3.5 i
rf power amplifier in Class B television service and Minimum heating time . . . . . . . 1 minute
as a linear rf power amplifier in single-sideband See further information on the filament in Appli-
. cation Guide for RCA Power Tubes, 1CE-300;
service. Section V.A.3, Filament or Heater.
i . X Mu-Factor, Grid No.2 to Grid No.1
Grid-drive operation of the 4624 becomes prac- for plate volts = 450, grid-No.2
cal hf f . b £ the i 1 volts = 325, and plate amp. = 1.2 . . 12
tical at uhf frequencies because of the interna Disct Titspelscirode Capaclantes:
grid-No.2-to-cathode bypass capacitor and "cross- Grid No.l1toplate. . . . . . . . .  0.062 max. pf
over" of the grid No.1 and cathode terminals. The Geid N, b0 GREbGRL. ~ « = = 3 » 8 2 pf
. . . Plate to cathode . . . . . . . . . 6.2 max. pf
large-area pins and base configuration together Grid No L to @i No.B . « « o o « 19 pf
give low lead inductance and low input capacitance Grid No.2 to plate. . . . . . . . . 2.2 pf
for uhf service. In addition, the three grid-No.1l Cor g 8 iy Boghiadh, v 'm w1 ' a5 el S
leads to separate pins accommodate a split-input )
] ) o o ) Mechanical:
circuit for distributed amplifier service. Operating Position . . . . . . « « . « « . . . . . .Any
o ) OverallLength . . « . « ¢ ¢« ¢« ¢« « « ¢ ¢ « « 2.19" max.
Additional features of the 4624 include a  Greatest Diameter. . . . . . . . ... ... 226" max.
matrix..type unipotential Cathode’ precision_aligned Terminal Connections . . . . . . .See Dimensional Outline
. . . . . Radiator. . . . . . . . . . . . . . .Integral part of tub
grids, and an integral louvered-fin radiator. Details . Ak et e he
) ) Weight (Approx.) « « « « 5 = s« o « + s & & « s+ « 4.5 0%,
of these features are described in the Application
Guide for RCA Power Tubes, 1CE-300. Thermal:
A Terminal Temperature (Plate, grid
Formerly Dev. No. A2733. No.2, grid No.1, cathode—heater,
and heater). . . _— 250 max. %%
INDEX one Plate-Core Temperature T T 250 max. Ye
I. DESCRIPTION See Dimensional Outline for
General Data. . 1 temperature-measurement points
Ratings . 2
Footnotes . " 2
Dimensional Outlme 3
Terminal Diagram. 4
II. CHARACTERISTICS
Cooling . 3 3
Mounting 3
Cavity Tuning Curve 4
Plate Curves. 4
Grid Curves . 4
I1I. GENERAL APPLICATIONS . . ’ .
This bulletin is to be used in conjunction with the Information furnished by RCA is believed to be accurate and re-
e, it : liable. However, no responsibility is assumed by RCA for its use;
publication Application Guide for RCA Power Tubes, £ infri £ th ioh £ third
1CE-300. For a copy, write RCA, Commercial En- nor for ‘@ny ininingements ot petentsjor other wghte, of tair
gineering, Harrison, N.J parties which may result from its use. No license is granted by
! o implication or otherwise under any patent or patent rights of RCA.

@ RADIO CORPORATION OF AMERICA T 4624 364

Electronic Components and Devices Lancaster, Pa. Marca(s) Registradal(s) Printed in U.S.A.
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RF POWER AMPLIFIER --

Class B Television Service®

Typical CCS Operation:
In a grid-drive circuit at 890Mc and bandwidth of 8.5Mc

DC Plate Voltage . . . . . . . . . . 2000 volts
Synchronizing-level conditions pertube DEC Grid-Noi2 Voltage » » = « » » ¢ « 400 veiles
unless otherwise specified DC Grid-No.1 Voltage . . . . . . . . -55 volts
DC Plate Current:
Maximum CCS Ratings, Absolute-Maximum Values: Synchronizing level . . . . . . . . 350 ma
Pedestal level . . . . . . . . . . 260 ma
DC PLATE VOLTAGE. . . . . . . . 2200 max. volts DO Geiil-No.2 Curront:
DC GRID-No.2 VOLTAGE . . . . . . 400 max. volts Synchronizing level . . . . . . . . 1.3 ma
DC PLATE CURRENT. . . . . . . . 375 max. ma SR R EREAANA kil o
DC Grid-No.1 Current:
GRID-No.1 CURRENT . . . . . . . . 100 max. ma Symohrontzinglovel . « « o « v « & 0 —
PLATE DISSIPATION. . . . . . . . 400 max. watts Pedestal level . . . . . . . ... . 0 ma
GRID-No.2 INPUT. . . . . . . . . . §uex. watty Driver PowerOuipuk:
Synchronizing level . . . . . . . . 30 watts
Pedestal level . . . . . . . . . . 17 watts
Qutput Circuit Efficiency. . . . . . . 80 %
Useful Power Output:
Synchronizing level . . . . . . . . 300 watts
Pedestal level . . . . . . . . . . 170 watts
LINEAR RF POWER AMPLIFIER® Typical CCS Operation:
Single-Sideband Suppressed-Carrier Service With **Two-Tone’” Modulation and at 30 Mc
DC Plate Voltage . . . . . . . . . . 2000 volts
DC Grid-No.2 Voltage . . . . . . . . 400 volts
o ) ) DC Grid-No.1 Voltage . . . . . .+ . . -44 volts
fe;?nigzsfogfag?ﬁfgxfg?; g£ O;Z;éfn;ltﬁ,algfng 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 ——
DC PLATE VOLTAGE. . . . . . . . 2200 max. volts Average DC Plate Current . « » . . + 250 it
DC GRID-No.2 VOLTAGE . . . . . . 400 max. volts DC Grid-No.2 Current
DC GRID-No.1 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. . . . . . . . 450bmax. ma DC Grid-No.1 Current . . . . . . . . 0 _—
DC GRID-No.1 CURRENT . . . . . . 100 max. ma Peak Envelope Driver
GRID-No:2.INPUT.. s« ¢ s o w « « w @ 8 max. watts Power OQutput (Approx.) . . . . . . 0.3 watts
PLATE DISSIPATION . . . . . . . . 400 max. watts Output-Circuit Efficiency (Approx.) . . 92 %
Distortion Products Level:
Third Order. « s & o« » = & & » @« @ 30 db
Maximum Circuit Values: Fifth Orders s « « « s » & » « « % 34 db
Grid-No.1-Circuit Resistance . . . . . 30,000 max. ohms Useful Power Output (Approx.):
Grid-No.2-Circuit Impedance . . . . . . . . . .See Note c AVEXBEE o w o s w w v w w w8 % b 205 watts
Plate-Circuit Impedance . . . . . . . . . . . .See Noted Peak Envelope . . . . . . . . . . 410 watts
FOOTNOTES

9 See Section V.C of 1CE-300.

b 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 as high as 450 ma.

-2-

€ See Section V.B.2 of 1CE-300.

d See Section V.B.1 of 1CE-300.
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DIMENSIONAL OUTLINE (Dimensions in Inches)

PLATE TERMINAL CONTACT
SURFACE (RADIATOR)

Q—> le—

PLATE CORE
TEMPERATURE
MEASUREMENT POINT

CATHODE-HEATER

FLANGE TERMINAL

CONTACT SURFACE
(NOTE If)

T (4 FLANGE
HOLES)
_—U(PIN CIRCLE)

_—X_ (I PIN)
GRID No.2

Z (4 RECESSES)

S—Ww (I PIN)
HEATER

¥
ENoTE 3 v (FL/C&:tI\lRGCELEH)OLE
58 cERAMIC
92C5-12502

A - 2.19 max. M-0.500£0.010 W -0.081 £0.002 dia.
B -1.660+0.060 Note 1d 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-1.62510.015dia. Y -0.12610.002 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 -45915' AA - 0.200 min.

J - 0.024 max. T-0.175+0.005dia. AB - 0.325 min.

K - 1.435 max. dia. U -0.939 dia. AC - Note 1b

Note la Vv -2.000 dia. AD - Note 1lc

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:

HAVING SUITABLY SPACED APERTURES OF THE FOL-
LOWING DIAMETERS:

(a) Grid-No.1 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:
EQUIVALENT.

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

CONCENTRICITY OF THE BASE PINS IS SUCH
THAT THE TUBE WILL ENTER THE GAUGE IN NOTE 1

RF GASKET, SUCH AS METEX* No.A2733, OR

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.1
voltages.

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
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 afew minutes after all electrode power isremoved.

For further information on forced-air
cooling, see sectionlV.C of 1CE-300.

TYPICAL COOLING CHARACTERISTICS

© INCOMING AIR TEMPERATURE—24°C . DIRECTION OF AIR FLOW

PLATE DISSIPATION
WATTS

CURVE
A

AIR FLOW—CUBIC FEET PER MINUTE

[0 50 100 50 200 250 360

PLATE CORE TEMPERATURE °C (SOLID LINE)
o 05 15 2 25 3
PRESSURE DROP IN INCHES OF WATER (DASHED LINE)

92CM-12496

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, 1CE-300.

-
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TYPICAL PLATE CHARACTERISTICS
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TYPICAL OUTPUT CAVITY TUNING CHARACTERISTICS

: 2.615 ID
| 1.875 OD
5 T— |
L PLATE
1 TERMINAL
o4 630
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92Cs-12501

TICS

TYPICAL CHARACTERIS
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TERMINAL DIAGRAM
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CERMOLOX ®
Thoriated-tungsten Mesh Filament
Forced-Air Cooled
10,000 Watts PEP Output

RCA-4628

79 at 30 Mc/s
2owvar: coviorount | BEAM POWER TUBE
at 400 Mc/s
Useful to 890 Mc/s
High Gain-Bandwidth Products

RCA-46284 is a forced-air-cooled beam power GENERAL DATA
tube designed especially for use in single side- Electrical:
band service in stationary and portable equipment. F’iIl‘amentaryMCagh%de, Thoriated-

" . 5 g . ungsten Mes ype:
[t israted as alinear rf power amplifier in Class AB; 1 B 4.5t04.75 typical volts
single sideband suppressed carrier service. Viltage™ tae'or dek su s sune ; 5.0 max. volts
Current:
— The 4628 and variants of its basic design may Typical value at 4.5 volts. . . .. 125 A
also be useful in applications such as af power Maximum value for starting,

o even momentarily ......... 300 A
amphf?ers (.)r modulators, plate-modulated rf power e 0.005 ohm
amplifiers in Class C telephony service, rf power Minimum heating time. . . « . . . . . 15 5
amplifier and oscillator in Class C telegraphy 1 y..cured at tube terminals.

vice, an rf power ifier 1 - . .

service : p amphfler in Class C FM Fele See further information on the filament in Appli-

phony service, modulators, pulsed-rf amplifiers, cation Guide for IRCA Pow.:r Tubes, 1CE-300;
. ; P ti .A.3, Fi t ter.

regulators, or other special services. Variations R, Yo SRR S

: . Mu-Factor, Grid No.2 to Grid No.1

in cgohng structl.lre or qther paramc?ters are also for plate volts = 000, grid-No.2

P possible.  For information on variants, contact volts = 1375, and plate amp. = 9. . 10
your RCA field representative, or the nearest Dis- Direct Interelecm’d:’ CpenE:
trict Sales Office Grid No.l toplate” . ......... 0.60 max. pF
' Grid No.1 to filament......... 60 pF

. Plate to filament®® .. .. ... ... 0.11 max. pF

F.eatures of t'he 4628 include the Cgmlolox con- Grid Nou1 to grid No.2 . « « v« .. . 65 oF
struction, a thoriated-tungsten mesh filament, and  Grid No.2 to plate. . ... ...... 13 oF
an integral louvered-fin radiator. Details of these Grid No.2 to filament® . . ... ... 3.3 max. pF
features are described in the Application Guide for  yechanical:

Z RCA Power Tubes, 1CE-300. Operating Position ... ... ..o Vertical, either end up
i Overall Length. . . v v vt vttt ittt e e nannas 5.65" max.
Formerly RCA-Dev. No. A2775. Greatest DiGmeter. . « v v v v v o oo 0o oo nneean 6.17" max.
Terminal Connections . . ... .... See Dimensional Outline
Radiator « v v v v v v e v v v e aonnonns Integral part of tube
Weight CADproXi) i sis s ns s s eomwins s owe s o5 v e..10 1bs.
INDEX
page Thermal:
I. DESCRIPTION - ;
Terminal Temperature (Plate, grid
ge?'eral Datas s s smwic s e e s s s oBE s s 68§ % NO.Z, gnd NO.l, cathode-filament o
Fﬁolglgo Ste-s ------------------------- 5 and filament) « « « o v v v v e e e e 250 max. C
Dimensional Qutline. . .. ... .00 veeeeenn 3 Plate-Core Temperature . . « « v « « « « 250 max. %6
Terminal Diogray e w s s swwis s s s ame.e s &80 3 i Ot f
See Dimensiona utline for
1L CHéoRrg(t:;}E-%lusr’xI-‘égtSCurves 45 temperature-measurement points
Cavity Tuning CuUrves s o s e ws s s 5 wme o o oo 6
Cooliig ss s ssssnes smeun s smmms s ous 7
Mounting . . . v v v vt v v oot oeonceceeees 7
Il GE?EEA&xI?SEL%SﬁZISEiSed in conjunction with the Information furnished by RCA is believed to be accurate and re-
; s . . . liable. However, no responsibility is assumed by RCA for its use;
A &)\é%igggonﬁoﬁpgcg;wn %‘;’rﬁz fﬁbic%o?;:é;‘fbé;'_ nor for any infringements of patents or other rights of third
gineerin. Harrison II)\?,'J ! parties which may result from its use. No license is granted by
g LS S implication or otherwise under any patent or patent rights of RCA.

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

4628 9-65
Printed in U.S.A.

Trademark(s) ® Registered
Marca(s) Registrada(s)
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LINEAR RF POWER AMPLIFIER®
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:
volts

Typical Class AB7 CCS Operation with
““Two-Tone’’ Modulation

In a grid-drive circuit, at 30 Mc/s

DC PLATE VOLTAGE .......... 7500 max. DC Plate Voltage . s e s s s s ssaves e 7000 volts
DC GBID-New2 VOLIPAGE, » o ¢ rv s 1650 max.  volts [ Grid-No.2 Voltage +...vvvvvvnns 1500  volts
DC GRID-No.1 VOLTAGE. ........ -750 max. volts DC Grid-No.1 Voltage « .. vvvnwnnn. -200 volis
DG PLOTE CODRENT ATPRAK  domss o Zero-Signal DC Plate Current . .. .. ... 0.5 A
DC GRID-No.1 CURRENT. . « v v . ... 500 max. mA Effective RF Load Resistance. . ...... 1200 ohms
GRID-No.2 INPUT®. . . oo vveennn 150'max. watts DO I late Current st Peak of Envelops. . . & A
PLATE DISSIPATION . . « v v v v v 16 sies, KW Average DC Plate Current. . . . . ... ... 2.15 A
DC Grid-No.2 Current

Maximum Circuit Values: at Peak of Envelope .. .. ccooeeeee 0.1 A
Grid-No.1-Circuit Resistance Under Any Condition: Average DC Grid-No.2 Current. . . . . . . . 0.07 A

With fixed bias ¢ o e s s 2 o965 60 090 5000 max. ohms Peak-Envelope Driver Power

With fixed bias (In Class AB] Output (APProX.).e v v e o v v v v v v oo e s Note g

OPeration) « « v v v o v e e v e v e o 25,000 max. ohms Qutput Circuit Efficiency (Approx.). . . . . 90 %

With cathode bias . . ¢ v e v vt v v e v v v v Not recommended Useful Power Output (Approx.):
Grid-No.2 Circuit Impedance « .« v v v v e v v 0 v v v See Note d AVETage , v oviss svwmns s mewnion s 5000 watts
Plate Circuit Impedance. . . « « v ¢« e e v e v v 0 o o a See Note f Peak Envelope.: s s sssws s s sawwmss s 10 kW

LINEAR RF POWER AMPLIFIER®
AM Telephony Service
Typical Class AB7 CCS Operation
Carrier conditions for use with a maximum
modulation factor of 1.0 In a cathode drive circuit, at 400 Mc/s

Maximum CCS Ratings, Absolute-Maximum Values: DC Plate Voltage « « s swwe s #sjwwnis « & 6500 volts
DC PLATE VOLTAGE .......... 7500 max. volts DC Grid-No.2 VOltage .« .« e o eoeeeens 1250 volts
DC GRID-No.2 VOLTAGE. . . ...... 1650 max. volts DC Grid-No.1 Voltage . ... v v eeeewnn _160h volts
DC GRID-No.1 VOLTAGE. . . ...... -750 max. volts DC Plate Current. . « « s e 655 sssmes s s 1.4 A
DC PLATE CURRENT .......... 2.0 max. A DC Grid-No.2 Current. « « « e ¢ s e 0 o 0o v 0.005 A
DC GRID-No.1 CURRENT. .. ... ... 500 max. mA Driver Power Qutput . ............. 75 watts
GRID-No.2 INPUT: & s ssswie s 5 simma 150 max. watts QOutput Circuit Efficiency (Approx.). . . . . 90 %
PLATE DISSIPATION . . ¢ ¢ o vt e e v 10 max. kW Useful Power Qutput . . . . . oo o0 v 0o 2000 watts
FOOTNOTES
@ € See Section V.B.3 of 1CE-300.

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.

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.
€ See Section V.C. of 1CE-300.

See Section V.B.2 of 1CE-300.

f See Section V.B.1 of 1CE-300.

9 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.
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DIMENSIONAL OUTLINE

6.17 DIA. MAX.
NOTE la
RAD}ATOR

PLATE CORE TEMPERATURE 5.65
/ MEASUREMENT POINT MAX.
4.715
£.050
P
Sy e,
3.250+.015 DIA. —>] a— +.040
NOTE Ib NOTE 2 1.330
o +1030
G2
s i [ i
3,028 * .04 DIA. NOTE 2
NOTE IC He
G| o L)
GRID=No.| TERMINAL 502
CONTACT SURFACE : .850
2.319% .02 DIA. ¥ +.035
NOTES Id & 2 5 REFERENCE_| | _ .200
SURFACE +.025
K=F 3
CATHODE —FILAMENT .250— —FILAMENT TERMINAL CONTACT SURFACE
TERMINAL CONTACT MIN.
SURFACE NOTE 2 ——751£ .00 DIA. NOTES Ig & 2
1.850 +.010 DIA.
NOTES le & 2 NOTE If

=5 STIPPLED REGION
NOTE 3

CERAMIC INSULATOR

e TERMINAL TEMPERATURE
MEASUREMENT POINT

92CM—12493R2

DIMENSIONS IN INCHES

NOTE 1: CONCENTRICITY BETWEEN THE VARIOUS DIA-
METERS IS SUCH THAT THE TUBE WILL ENTER A GAUGE
HAVING SUITABLY SPACED CONCENTRIC APERTURES
AND POSTS OF THE FOLLOWING DIAMETERS:
. Radiator - 6.241
. Plate Terminal - 3.288
. Grid-No.2 Terminal - 3.061
. Grid-No.1 Terminal - 2,338
. Cathode-Filament Terminal - 1.878
Filament Terminal (OD) - 0.908
. Filament Terminal (ID) - 0.722

"o a0 o

a0

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.1 TERMINALS
EXTENDS 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 CONTACTS OR CIRCUIT COMPONENTS TO
PROTRUDE INTO THESE ANNULAR REGIONS.

TERMINAL DIAGRAM
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS
For Grid-No.2 Voltage =1250 Volts

FILAMENT VOLTS =45 TO 4.75
GRID-No. 2 VOLTS = 1250

PLATE AMPERES = Iy,

GRID -No. | AMPERES = I¢| —— —

GRID-No. 2 AMPERES = ICp = —=~—~ '

200

150

100

50

GRID No. | VOLTS

-850

-100 -

-150

-200

-250 T ‘ i BN , , e
0 1000 2000 3000 4000 5000 6000 7000
PLATE VOLTS 92CM-13488



GRID No. | VOLTS

200

150

100

50

-50

-100

-150

-200 -

-250
0]

TYPICAL CONSTANT-CURRENT CHARACTERISTICS

For Grid-No.2 Voltage =1500 Volts

FILAMENT VOLTS = 4.5 TO 4.75
GRID-No. 2 VOLTS = 1500

PLATE AMPERES = Ip

GRID -No, | AMPERES = I¢| —— —
GRID- No. 2 AMPERES = ICp = = ===

= 0.6
4, Ip=12
0.3
10
Ib , 8
/
14t =
/ /
byt 4
K/\
\\\\\\\\\\-- Ip 2
\ n
0.5
1000 2000 3000 4000 5000 6000 7000
PLATE VOLTS 92CM-13489
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CAVITY LENGTH L—INCHES

0]

]

'y
F) k2,000 o0
: . Z >
alt |

CAVITY TUNING CHARACTERISTICS

GRID No.l TO GRID No.2

GRID-No.2
TERMINAL

GRID-No. |
TERMINAL

2.718 0Dz

3.000 ID=_»

Zo=6
OHMS

PLATE
TERMINAL

— GRID-No. 2
TERMINAL

4906 |ID=__,

' Z0=25
OHMS

12 GRID No.l TO CATHODE

GRID-No. |
TERMINAL

CATHODE—
FILAMENT
TERMINAL

2.500 1D =,

Zo=13
OHMS

200 400

400 800 1200 1600

FREQUENCY—Mc/s

92CM-12492R2
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FORCED-AIR COOLING TUBE EXTRACTOR (Suggested Design)

Air Flow: <—1.20 —>

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.1 voltages.

To Plate, Grid-No.2, Grid-No.1, 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. \L\/

During Standby Operation -- Cooling air is required
when only filament voltage is applied to the tube. L IS~ 450+ 005 1
DIA

During Shutdown Operation-- Air flow should continue \./,O-L_, ‘ F
for afewminutes after all electrode power is removed. DIMENSIONS IN INCHES

= '°°|" <——|eo

_—.200 + 005 DIA. (——ﬂ
S~ S I.I5 R,

1

8
@ P 3 92Cs-1212
For further information on forced-air

K . NOTE 1: MATERIAL 1/8" THICK COLD ROLLED STEEL.
cooling, see sectionlV.C of 1CE-300. L

NOTE 2: SLOT BETWEEN HOLES.

TYPICAL COOLING CHARACTERISTICS NOTE 3: ROUND ALL EDGES.
Mounting

INCOMING AIR TEMPERATURE—25° C DIREf T: ”ﬁ’%‘ IR.E.FIJOW See the preferred mounting arrangement below. For
CURVE l PLATE D RATION other arrangements, cavity-type mounting for multiple-

A 4000 ring terminal-type tubes, such as the 4628 may be con-

c 8000 B ¢ structed by using either fixed or adjustable contact

° 10000 Vﬁ;}ﬁ'&" rings of finger contact strips in the transverse plane as

: described in section III.C.3 of 1CE-300.
PREFERRED MOUNTING ARRANGEMENT
= & ~_~——
YD R OO sy
I R =
— | | |j«—3.430DIA.
1050 — J_ _______ l [<—3.208 DIA.
400 - A LA e ODOMOEHHOT %
e et M M
1.350 — S le—2.500 DIA. |
e NOTE 2
00 SEE DETAIL -
DETAIL

“REFERENCE LINE
.020 WIDE x.425 DEEP
(6 SLOTS EQ. SP.)

AIR FLOW— CUBIC FEET PER MINUTE

200 A A
: .76l DIA.
.43l DlA.:-‘—N 4[‘:
125 R. —/@ % eT SECTION A A’
N
100
/
; 531 +33301a. ] l-—
DIMENSIONS IN INCHES
NOTE 1: FINGER STOCK IS NO. 97-360 MADE BY INSTRU-
, nEE MENT SPECIALTIES CO., LITTLE FALLS, N.J.
© PLA'?‘CE’ CORE TEMPERATURE <G (SOLID Cive) NOTE 2: CATHODE RING DIA. IS 2.030" WHEN USING
0 2 3 4 6 7 NO. 97-360 FINGER STOCK OR 2.080" WHEN USING NO.
PRESSURE DROP N INCHES OF WATER (DASHED Lnel 97-135 FINGER STOCK. MADE BY INSTRUMENT SPECIAL~

TIES CO., LITTLE FALLS, N.dJ.

=7







NEW PRODUCT
ANNOUNGEMENT

RADIO GORPORATION OF AMERICA

INTERNATIONAL DIVISION / HARRISON, N. J.
LICENSEE SERVICE

RCA-4632

NEW UHF CERMOLOX TUBE

RCA-4632 joins the ‘8501 family”’ as a smaller-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 Cermolox 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-air-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 af 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, 1CE-300.

AL ormerly RCA-Dev. No.A2841

INDEX

I. DESCRIPTION
General DabR) o o e s w0 w s o oo iooe o o o
RAUINES: v s ¢ 00 o o m o = w0 w0 tscionio s o w5 w08
Foothotes « « v o ¢ « s v e s s anownssones
Dimensional Qutline .. ..............
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Terminal DIagram « ¢ o oo s o 0 o o o

II. CHARACTERISTICS
Cavity Tuning Curves . . . ... .o ov e
Constant-Current Curves. . « « v v v v v v v v vt
COOITIES © & ssals o sl & % &ELELE 5 B 505 5.8

D O U

MOUNLIME . « ¢ v v v v v e e e e et e e e e e e

III. GENERAL APPLICATIONS

.This bulletin is to be used in conjunction with
the publication Application Guide for RCA Power
Tubes, 1CE-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:
Voltage! (AC or DOY v o o v w0 s s

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, 1CE-300;
Section V.A.3, Filament or Heater.

Mu-Factor, Grid No.2 to Grid No.1
for plate volts = 5000 grid-No.2
volts = 900 and plate amperes = 1.0........ 14

Direct Interelectrode Capacitances:

Grid No.1to plate® . ... ... .. 15 max. pF
Grid No.1to heater . . . ...... 60 pF
Plate to heater® . ......... 0.024 max. pF
Grid No.1to grid No.2 . . ... .. 60 pF
GridNo.2toplatei..: « s « s s v 12 pF
Grid No.2 to heater® . . ... ... 1.2 max. pF
Mechanical:
Operating POsition : s s s s 6 s« s ¢ 5 ssw s 0 5 505 5 Any
Overall Tength o « « s55 55 9 59 50 6 0.5 5 308 4.70" max.
Greatest Diameter. - « s s = = s o5 55 515 » 4.570" max.
Terminal Connections . . ... See Dimensional Qutline
RAAIACOT = 5 5 <1 i 1 1 siogms i 5ot 8073 Integral part of tube
Weight (Approx.). . . . .o i v i i e e 6 lbs.
Thermal:
Terminal Temperature (Plate, grid No.2,
grid No.1, cathode-heater and
et e o oo B8 B 85 @ 5w 5w s & 250 max. °C
Plate-Core Temperature . . . .. ..... 250 max. °C

See Dimensional Qutline: for temperature-mea-
surement points

TMeasured 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. J.

4632 10-66
Printed in U.S.A.

Trademark(s) ® Registered
Marca(s) Registradal(s)
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RF POWER AMPLIFIER & OSCILLATOR - Class C Telegraphy®©

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 VOLTAGES. . . . .. 1500 max. volts bandwidth of 8.5 MHz
gg gE;Dégocngé‘g?GE """" _253 nax VOlt; DC Plate Voltage «: « « s 5 55 s « s 55 w1 3700 volts
max.
DC GRID-No.1 CURRENT ....... 0.5 max. A DC Grid—N0.2 Voltage ............. 800 volts
GRID-No.1 INPUT: ........... 50 max. watts DC Grid-No.1 Voltage . ... ......... —55 volts
GRIDNo.2 INPUT. ... . T3 max. WS DG plase Cument 20 A
b A = o s 2 v2 max- WA DC Grid-No.2 Current . ... ......... —020 A
DC Grid-No.1 Current . ... ......... 0 A
Maximum Circuit Values: .
) o ‘ Driver Power Qutput? . ............ 200 watts
Grid-No.1-Circuit Resistance. . . . . 5000 max. ohms o o
Grid-No.2-Circuit Impedance . . . .. .. .. See Note d  Output-Circuit Efficiency (Approx.). . . . . 80 %
Plate-Circuit Impedance. . . ... ...... See Note ¥  Useful Power Qutput . . . ........... 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.1 terminal, perpendicular to the

tube axis, and is connected to grid No.1.
€See Section V.C. of 1CE-300.

dSee Section V.B.2 of 1CE-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.
€See Section V.B.3 of 1CE-300.

fSee Section V.B. and V.B.1 of 1CE-300. A series
impedance of 100 ohms is required in the plate lead

to limit momentary fault currents.

9Driver power output includes circuit losses and is
the actual power measured at input to grid-No.1l cir-
cuit. The actual power required depends on the

operating frequency and the circuit used.
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DIMENSIONAL OUTLINE

4.57 DIA. MAX.

NOTE la

RADIATOR
T o @
)
‘ |
1.945 470
+.015 MAX.
4,140
P PLATE CORE TEMPERATURE +.050
PLATE TERMINAL MEASUREMENT POINT |
CONTACT SURFACE -__ !
3.250 £.0I5 DIA. i
NOTE Ib e ‘
Go \\ |
GRID—No. 2 TERMINAL
CONTACT SURFACE
3.028 + .0l4 DIA.
NOTE le
G| [
GRID — No. | TERMINAL
CONTACT SURFACE
2.319 .02 DIA. 1
NOTE Id & 2
H—K |
HEATER — CATHODE TERMINAL | / 1,025 1
CONTACT SURFACE 1.850 +.0I0 DIA: | L \ *
NOTE le & 2 135 5
MIN. | H : |
‘ HEATER — TERMINAL
CONTACT SURFACE \
25 DlA. | \ REFERENCE
STIPPLED REGION - NOTE 3 NOT'E“-\I?(-B‘Z"— SURFACE
CERAMIC INSULATOR
© TERMINAL TEMPERATURE
MEASURMENT POINT
92LM-1720

DIMENSIONS IN INCHES

NOTE 1: Concentricity between the various diameters is
such that the tube will enter a gauge having suita-
bly spaced concentric apertures and posts of the
following diameters:

. Radiator — 4.67

. Plate Terminal — 3.288

. Grid-No.2 Terminal — 3.061

. Grid-No.1 Terminal — 2.338

e. Heater-Cathode Terminal — 1,878
f. Heater Terminal (ID) — .6950

a0 owp

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.

NOTE 3: Keep all stippled regions clear. Do not allow con-
tacts or circuit components to protrude into these

annular regions.

TERMINAL DIAGRAM




4632

CAVITY LENGTH L—INCHES

CAVITY TUNING CHARACTERISTICS

GRID No.l TO GRID No.2

~~ ™1 GRID-No.2
TERMINAL

GRID-No. |

TERMINAL
0| 2.718 0D=_,
3.000 1D=_,
Zo=6
OHMS
8 ;;;;;
6
4 L PLATE
TERMINAL
— GRID-No. 2
; TERMINAL |
2 | !
3.268 0Dz,
4.906 D=,
Zo=25
0 _OHMS
12 GRID No.l TO CATHODE GRID No.2 TO PLATE
GRID-No. | i
TERMINAL
10 HEATER
¥ CATHODE
H | TERMINAL
: 2.000 0Dz,
8 2.500 1D = ,
Zo=13
OHMS
o B
al
2
" 200 400 600 800 O 400 800 1200 1600
FREQUENCY — MHz
92LM-1722
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TYPICAL CHARACTERISTICS

Ef =5.5 VOLTS ] ! !
GRID-No.2 VOLTS = 800
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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.1
voltages.

To Plate, Grid-No.2, Grid-No.1, 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 T14 \‘H 1T ‘{ T 1T VVVIHII‘III
FHH ine : ! T|{DIRECTION OF AIR FLOW
o feke s
T a B8 Fepo R
200+ T
S i ! ‘ C J
e  imas: a8 if [ |
SEEEE i ~—
T mA BEEE
ESSESSESSSSSS: : INCOMING _ AIR
HT st sue TEMPERATURE : 25° C
o “HH CURVE I PLATE DISSIPATION
e |'Ea=at, : WATTS
T 1 ISR 48R A 2000
w 1SOHF e H ] B 3000
E EEEdissmsamns: Y 4000
= ot £ + D 5000
S HiEs \ 81 85 o T
+ 1 = ‘ IRE ¥ 1 1 1
E" I i ¥ : \ X T T
' 4 T 1
- zBaa: HHHY
w EEESEEEENES ¥ h Ba s T 5
I ¢ S aehs -
v 4 I EEES. T 1
-+ I i A \ N
SHTYe] sassssassss] 1 X :
o gass: TN
o 1 X
| s ]
= T T T 2
S = : :
w’ T A
 ams
I ¢ : e :
= H
N ] 4111
T 1 HHH EREsamE
" HHHEH :
0 maa Ssau LT
IS i L T 11T
T +t T + : :—-—._A
B T T
ol HH T H ESEESaEESaEEs
0 50 100 150 200 250 300 400
PLATE CORE TEMPERATURE °C (SOLID LINE)
0 I 2 3 4 5 6

PRESSURE DROP IN INCHES OF WATER (DASHED LINE)

92LM-1192

TUBE EXTRACTOR
Suggested Design

r_|,a”—>1 b .7 ">
F f —
_.250"£,005" DIA.
. [ 2 HOLEs
s N p
v ol N 1.015°4,005"R.
/ \
/
] \
2.8” 1 ] '
3 i
\ ”
\ .75
\ ". /
S A AR
” 4% S~ 24
06'R. 2 . "
06 R. ‘?% ——.140"£.005" DIA.
3\ 2 HOLES
Al
NOTE I: MATERIAL ¢’ THICK JI
COLD ROLLED STEEL \./o.a‘
NOTE 2: SLOT BETWEEN HOLES " 4.8°
NOTE 3: ROUND ALL EDGES .
42 92C$-9759R|

Mounting

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 1CE-300.

PREFERRED MOUNTING ARRANGEMENT

| = 3.430(NoTE 1)
1 [*3.208DIANOTE D
NaNawE 44

- m__r~2'5 430
AN
le—2.500 DIA,(NO‘I"EI)T
NOTE 2

.025 WIDE x .500 DEEP
(8 SLOTS EQ.SP)

.-7,725 DIA.

.594 DIA.

SEE DETAIL

“REFERENCE LINE

.062 R.

—

.500 DIA.—-I

DETAIL

92LS-1732
DIMENSION IN INCHES

NOTE 1: Finger Stock is No0.97-360 made by Instrument
Specialties Co., Little Falls, N.J.

NOTE 2: Cathode Ring dia. is 2.030" when using No0.97-360
Finger Stock or 2.080" when using No0.97-135
Finger Stock. Made by Instrument Specialties Co.,
Little Falls, N.J.
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8 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 light 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/
VAB888D. 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 t0 5.0 GHz
Electrical:
Cathode: . .....owsevomsmanemes s Indirectly-heated Tungsten
Dispenser Cathode
Filament:
Voltage . . . ........... .. 6.5 05 \Y
Curent A BB N ¢ o en s adbs s Be 5 0s 5 2.6 A
Maximum current. . ... ... ... ... ... 8.2 A
Warmup time (min.) ... ............... 180 s
Mechanical:
Mounting POsition « s s sssanss 388 5 amad o5 s HEE 58§ Any
Length (max.) .......comcevesacas (393 mm) 15.5 in
Width (max.) . .................. (267 mm) 10.5 in

® High Efficiency
® High Power Gain

Kiystron

4658 /VA888D

C Band Klystron

® Gang Tuned Cavities

Weight (approx.) (17.2 kg) 38 b
(18.1 kg) 40 Ib

(22.5 kg) 50 Ib

In commercial pack. .. ...........
In military pack . . ..............

Thermal:
Collector Temperature (max.) . . .............. 260 ©C
Body Temperature (max.) .................. 150 ©C
Tuner Fin Temperature (max.) ............... 150 ©C
Electron Gun Potting
Insulation temperature (max.) .............. 250 ©cC
Storage temperature (min.) . ............... -65 ©OC

Cooling

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

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

Min Reg Max

Air Flow Press-Drop

Ib/min kg/min  in H0 cm H20
Collector . ............ 7.5 34 20 5.1
Body & Tuners . . ....... 0.85 0.38 0.75 19
Performance

Maximum CW Ratings, Absolute-Maximum Values:

DCBeam Voltage . ... ............c0uuuuun.. 8.5 kV
DCIBeam CUTTONT = .« o5 ws 25 56 o0 o6 s s b s 2 as 600 mA
DC Body CUrrent « .. i« vs 55 siwnms siss amais sins 60 mA
Surge Current . . . . ... ... ... 25 A
Lioad MSWR! . icuinss ge ssus 85 @5 vbtessp e 2.0:1
Input VSWR . .. ... . 2.0:1

Typical CW Operation:
High Efficiency Tuned

Frequency 4.4 GHz 5.0 GHz
DC Beam Voltage . ........... 75 7.5 kV
DC Beam Current . ... ........ 490 490 mA

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
4658/VA888D
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Typical CW Operation (cont'd.)
High Efficiency Tuned

Frequency 4.4 GHz 5.0 GHz

DC Body Current . ... ::wu . oes 10.0 10.0 mA
RF Power Qutput . . .. ........ 1.45 1.30 kW
Bandwidth (3dB) . ........... 8.0 10.0 MHz
Efficiency . ... ............. 39.0 35.0 %
Gain ... 44.0 44.0 dB
Drive. . ................... 50.0 50.0 mW
Load VEWR v ssms s sss s ams s 1.05:1 1.05:1 —
Input VSWR . ... ... ... ...... 1.3 1.3 —
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 . . ...«. .5+ 10.0 10.0 mA
RF Power Output . . .......... 1.30 1.15 kW
Bandwidth (3.dB) .« « v cwms . 6.0 8.0 MHz
Efficiency s : cn63 ¢o5 3 595 ¢ 35.0 31.0 %
GAIN oz e 2 5ie = cming 86 5 3 51.0 51.0 dB
Drive . ................... 10.0 10.0 mW
Load VSWR . . ... ... ... ..... 1.05:1 1.05:1 —
loputi VSWRL. « - vws s wws sz s s 1.3:1 1.3:1 -
Broadband Tuned

Frequency 4.4 GHz 5.0 GHz

DC Beam Voltage . ........... 7.5 1.5 kV
DC Beam Current s s vz s 55 ¢ 4 490 490 mA
DC Body Current . ss g5 s wws s - 10.0 10.0 mA
RF Power Output . . . ... ...... 1.35 1.25 kwW
Bandwidth (3dB) ............ 13.0 19.0 MHz
Efficienty =:: cons sess smnz s 36.0 33.0 %
Gain .. 41.0 41.0 dB
Drive s s sws 2 cmws s gmn s smas sn 100.0 100.0 mwW
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 1CE-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 all 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 set up by the klystron focusing magnet.

In shipment, the tube is enclosed in a polyethylene bag to pre-
vent dust and other particles from collecting 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”
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 threefold purpose: safety of per-
sonnel, protection of the tube and protection of tube cir-
cuits. Consult Application Guide 1CE-279A for complete
information on protection circuits.

V‘
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Tabulated Dimensions* for the Outline Drawing

Dimension

Reference

IO MMmMmQoOw>»

—

N Dia.
P Dia.

N<xXxs<cCc-H®mxD

>> > P P P
rxAmMmoQg o >

AM Dia.
AP
AR

Specified Values

Inches

15.5 max.
406 *.12
1.80 *.12
3.5 max.
3.00 *.06
3.80 *.12
0.68 * .05
1.80 * .09

+.15

0.68 .10
6.25 max.
1.50 *.03
412 *.03
2.130 £ .015

10.5 max.
65 *5
050 *.12

15.00 *.25
3.25 max.
5.00 .06
250 *.06
1.00 *.06
2.00 *.06
3.00 *.06
2.10 *.02
1.00 £.03
2.00 .03
0.440 £ .010
0.230 £ .005
0.249 £ .002
3.00 *.06
475 £ .12

Millimeters
393.7 max.
103.1 *3.0
457 *3.0
88.9 max.
76.2 %15
96.5 =£3.0
17.3 *13
45.7 %23
17.3 38
-25
158.8 ~max.
38.1 * 8
1016 * 8
54.10 * .38
266.7 max.
165.0 *13.0
127 * 3.0
3810 * 6.0
82.55 max
1270 *15
635 *15
254 15
508 15
76.2 15
563.34 * 51
254 t 8
508 * 8
11.18 *.25
584 * .13
6.325 £ .051
76.2 *15
1206 *3.0

Notes for Outline Drawing

1.

2.

10.

11.

Mates with Type “N’* Connector UG-21 B/U or equivalent.
Dimension applies to Shaft No.1 only.

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

Mates with UG-149 A/U or equivalent.

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

Holes 0.437"" = .062" (11.1 £ 1.6 mm) thru (One side only).

High-Voltage LLead Designation
Heater Lead — Yellow
Heater-Cathode Lead — White

Thru-holes checked with gauge.

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

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

Hole #6-32 UNC-2B, 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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8 Air Cooled

The RCA 4659 is a permanent-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:

Electrical:
Cathode . ...... Indirectly-Heated Tungsten Dispenser Cathode
Filament
Voltage . . ... .......... . 6505V
Current (at 6.5 V) . ... ... ................. 7.6 A
Current (maximum). . .. ........ .. ... ... .... 82 A
Warm-Up Time . . .. .. .. ... ... ... .. 180 s
Mechanical :
Mounting Position . . .. ........... ... .. ... . ... Any
Length (maximum) . ................ (393 mm) 155 in
Width (maximum) . . ... ............. (267 mm) 105 in
Weight (approx.)
Wnerated .xs swws smas smme smas o (17.2 kg) 38 Ib
In commercial pack . ............. (18.1 kg) 40 Ib
In military pack: . cwws sw s sses s (22.5 kg) 50 Ib
Thermal:
Collector Temperature (maximum) . .. ............ 260 °C
Body Temperature (maximum) . ................. 150 ©C

8 Compact — Sturdy

Klystron -

4659

C Band Klystron

5.0 Kilowatts Pulsed Power Output

® High Efficiency — High Power Gain

Gang-Tuned Cavities

Tuner Fin Temperature (maximum) . .. ............ 150 °C
Electron Gun Temperature
Insulation (maximum) . .. ................... 250 °C
Storage (minimum) < s ss6 s wms s emus smas imas s -65 °C

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

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

Min. Air Flow Max. Press Drop

Ibs/min. kg/min. in H20 cm H20
Collector . . 75 3.4 20 5.1
Body and
Tuner ... . 0.85 0.38 0.75 1.9

Typical Rating as a Pulsed RF Ampilifier
Maximum Ratings, Abso/ute-Maximum Values:

Pulsed Beam Voltage 14.0 max. kV

Pulsed Beam Current . . . ... ..........c.. 1.6 max. A
Pulse Width : a5 s swws swps smws s@ms smws 500 Msec
BUty :wws swosienmssones shos sgos smes 0.2 %
Typical Pulsed Operation

Frequency . . .. ... .. ... ... .. 4.7 GHz
Pulsed Beam Voltage . ... ............... 12.0 kV
Pulsed Beam Current . . .. .. ............. 14 A
Pulsed Power Output® . ... ... ........... 5.0 kW
Power Gain . ......... ...t 50.0 dB
Efficiency . ........ ... .. ... ... ... .. 30.0 %
Pulse Width . .. ... ... ... ... .......... 5.0 Usec
DUBY s cmmn smwms smme 5508 § §ME S {55069 0.2 %

*A waveguide transformer was used to optimize the power output
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
4659




4659

Notes for Outline Drawing

-

o W

10.

11.

Mates with Type ““N’* Connector UG-21 B/U or equivalent.
Dimension applies to Shaft No.1 only.

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

Mates with UG-149 A/U or equivalent.

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

Holes 0.437” £ .062" (11.1 £ 1.6 mm) thru (One side only).

High-Voltage Lead Designation
Heater Lead — Yellow
Heater-Cathode Lead — White
Thru-holes checked with gauge.

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

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

Hole #6-32 UNC-2B, 0.25” (6.35 mm) minimum depth.

Basic dimensions are in inches unless otherwise stated. Metric equiv-

alents

are derived from the basic inch dimensions. (One inch = 25.4

millimeters).

Tabulated Dimensions for the Outline Drawing

Dimension Specified Values

Reference Inches

A 15.5 max.

B 406 % .12

c 1.80%.12

D 3.5 max.

E 3.00* .06

F 3.80% .12

G 0.68 £ .05

H 180 .09
+.15

J 0.68 10

K 6.25 max.

M 1.50* .03

N Dia. 4121 03

P Dia. 2.130%.015

R 10.5 max.

S 655

T Dia. 0.250 £.015

U 13.50* 25

\% 3.25 max.

w 5.00 .06

X 250 .06

Y 1.00 £ .06

Z 2.00* .06

AA 3.00% .06

AB 2.10* .02

AC 0.201 £.010

AD 1.00* .03

AE 2.00* .03

AF 3.256% .02

AG 3.75%.03

AH 0.25 % .03

Al 0.62%.03

AK 0.440 £ .010

AL 0.230 £ .005

AM Dia. 0.249 * .002

AN 0.125 = .030

AP 3.00% .06

AR 475 12

Millimeters

393.7 max.
103.1£3.0
457%*3.0
88.9 max.
76.2%*15
96.5*3.0
173213
45.7%123
+3.8
17.3 25
158.8 max.
38.1%8
10168
54.10 * .38
266.7 max.
165+ 13.0
6.35+.38
343.0t6.0
82.55 max.
127015
635*15
25415
508115
76.2%15
53.34 £ 51
5.11%.25
25418
50.8% .8
82.55 £ .51
95.3%.8
6.4t .8
15.8%*.8
11.18 1 .25
5841 .13
6.325 * .051
3.2%38
76.2%t15
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 4659 include the following:

Data Sheet — RCA 4659
Application Note — AN 4213
Application Guide — 1CE-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 voltagée 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-S4473C 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.

RCA | Electronic Components | Harrison, NJ 07029

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-
guide can 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’” 1CE-279 for com-
plete information on protection circuits.
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®  Aijr Cooled

The RCA 4660 is a permanent-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:

Electrical:
Cathode ....... Indirectly-Heated Tungsten Dispenser Cathode
Filament
Voltagel s srerae smrans Sl Then SRR, S s 2 6.5*05V
Current (at 6.5 V) ... .. ... 76 A
Current (maximum). . .. ....... ..., 82 A
Warm:=Up Time o o s v ws 5 ww s v ie s ems omms o ws s 180 s
Mechanical:
Mounting POSITION o« v - siis v 5 fisre we s & sise = 8wy & 8% Any
Length (maximum) . ................ (393 mm) 15.5in
Width (maximum) . ................. (267 mm) 10.5 in
Weight (approx.)
Uncrated s1: am6s v mes mars s i asers i ars (17.2 kg) 38 Ib
In commercial pack . ............. (18.1 kg) 40 |b
In militery PEEK . s csswms s emws sms (22.5 kg) 50 Ib
Thermal:
Collector Temperature (maximum) . .............. 260 °C
Body Temperature (maximum) . ................. 150 °C

® Compact — Sturdy

Klystron

4660

C Band Klystron

m 5.0 Kilowatts Pulsed Power Output

® High Efficiency — High Power Gain

® Gang-Tuned Cavities

Tuner Fin Temperature (maximum) . .............. 150 °C
Electron Gun Temperature
Insulation (mMaxinaum) . .« = w5 w0 o5 5 5w s 5w w0 250 °C
Storage {minimum). &5 s wes smss smms smss swss i -65 OC

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

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

Min. Air Flow Max. Press Drop

Ibs/min.  kg/min. in H20 cm H0
Collector . . 7.5 3.4 2.0 5.1
Body and
Tuner . ... 0.85 0.38 0.75 1.9

Typical Rating as a Pulsed RF Amplifier
Maximum Ratings, Absolute-Maximum Values:

Pulsed Beam Voltage . . .. ...............

Pulsed Beam Current . . . . ............... 1.6 max. A
Pulse Width . .. ........... . ... ..., 500 Msec
DULY wussma s s s o Sm @ v a0ar s o s e e b 0.2 %
Typical Pulsed Operation

PYeQUERCY: © -« wi § @ s & 455 & @ & 619 5 et s o 680 i Lot o 4.7 GHz
Pulsed Beam Voltage . . ................. 12.0 kV
Pulsed Beam Current . . .. ............... 1.4 A
Pulsed Power Output® . ................. 5.0 kW
POWEE GaIN . .o oo o wis o ore @ e & 6w 308 0§ 8 50.0 dB
EHICIBAGY .....cocscons imms sass e o 30.0 %
Rulses WIdth s s smes sm e sereie sowie @6 eys-s 5.0 Msec
DO . -vcv cims emins saims ii®ms imwa @ » 0.2 %

*A waveguide transformer was used to optimize the power output
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
4660
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Notes for Outline Drawing

o P 0N =

2

10.

1.

Mates with Type ““N’* Connector UG-21 B/U or equivalent.
Dimension applies to Shaft No.1 only.

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

Mates with UG-149 A/U or equivalent.

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

Holes 0.437” * .062" (11.1 £ 1.6 mm) thru (One side only).

High-Voltage Lead Designation
Heater Lead — Yellow
Heater-Cathode Lead — White

Thru-holes checked with gauge.

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

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

Hole #6-32 UNC-2B, 0.25” (6.35 mm) minimum depth.

Basic dimensions are in inches unless otherwise stated. Metric equiv-

alents

are derived from the basic inch dimensions. (One inch = 25.4

millimeters).

Tabulated Dimensions for the Outline Drawing

Dimension Specified Values |
Reference Inches Millimeters v
A 15.5 max. 393.7 max.
B 4.06 .12 103.1£3.0
(& 1.80%.12 45.7+3.0
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+23

+.15 +3.8
dJ 0.68 10 17.3 25
K 6.25 max. 158.8 max.
M 1.50%.03 38.1t8
N Dia. 412+ .03 101.6*.8
P Dia. 2.130*.015 54.10 £ .38
R 10.5 max. 266.7 max.
S 65%f5 165 % 13.0
T 050% .12 12.7+£3.0
U 15.00* .25 381.0£6.0 S
\ 3.25 max. 82.55 max.
W 5.00 £ .06 127.0%£15
X 2,50 £ .06 635%15
Y 1.00 £ .06 254115
Z 2.00 £ .06 508*1.5
AA 3.00 .06 76.2%1.5
AB 2.10* .02 53.34 + .51
AD 1.00%.03 254+ 8
AE 2.00% .03 50.8% .8
AK 0.440 £.010 11.18+* .25
AL 0.230 £.005 5.84* .13 \
AM Dia. 0.249 £ .002 6.325 * .051
AP 3.00* .06 76.2%t15
AR 475% 12 120.6 £3.0

A
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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 — 1CE-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.

RCA | Electronic Components | Harrison, NJ 07029

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-
guide can cause arcing during 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’” 1CE-279 for com-
plete information on protection circuits.
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International Licensing
Licensee Services

I.inear 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 by 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
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® Ruggedized
® Reliable

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 dB. 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-
mizes induced 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”, 1CE-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.

Trademark(s) ® Registered
Marca(s) Registrada(s)

CERMOLOX"  Beam

® Forced-Air Cooled

B Matrix Cathode

,Powe’r Tub,e’
4661

Power Tube

® Full Input to 400 MHz
® QOver 1000 Watts CW FM
B QOver 250 Watts CW AM Linear

General Data

Electrical:
Heater-Cathode:

Type . ......... Unipotential, Oxide Coated, Matrix Type
5.5 typ. \
Voltaged (ACor DC) ................ B8 max  V
Current (@55 V) ................. 17.3 A
Minimum heating time . .. ... ........ 180 s
Mu Factor® . .. ... .. 6.5
(Grid No.1 to Grid No.2)
Direct Interelectrode Capacitances:
Grid No.1 toplate® . ............... 0.14 pF
Grid No.1 to Cathode-Heater . ......... 38 pF
Plate to Cathode-Heater® . . ... ........ 0.02 pF

Grid No.1toGrid No.2 . ............. 52 pF

Grid No.2to Plate . ................ 13 pF
Grid No.2 to Cathode-Heater® . .. ...... 1.4 pF
Mechanical:
Operating Position . . ... ... ... ... ............. Any
Maximum Length . ... ... ........... (98.0 mm) 3.86 in
Greatest Diameter . .. .............. (94.7 mm) 3.73 in

Terminal Connection . . ........... See Dimensional Outline
Socket

Radiator

................................ See page 6

Integral part of tube

Weight (Approx.) . . ... ... ... ... (0.9 kg) 2 Ibs
Thermal:
Ceramic-Metal Interface Temperatured . . .. .. .. 250 max. °C
(Plate, grid No.1, grid No.2,
cathode-heater, and heater)
Plate Core Temperatured . .. ... ... ........ 250 max. © C

f,lnfmmatmn furmshed by RCA is beheved to be accume and
_ reliable. However, no responsibility is assumed by RCA for

' t for any infringements of patents or other rights of

thi ies which may result from its use. No license is
q:anted by mspi:eamm or othenmse under any’

- patent ﬂgﬁfsm‘ RCA , . -

Prmted in US.A. /5-70
' ’ 4661
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Linear RF Power Amplifier®
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. \%
DC Grid-No.1 Voltageh ... ............. 300 max. V
DE Plate CUrrent ; swes sws swms sz a6 a5 700 max. mA
Grid-No.2 InPUL . . .ces sussems smus w5 s 50 max. W
Plate Dissipation . . . ... ... ... .....uu.. 1500 max. W

Calculated CCS Operation as a Class ABq Amplifier:

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

DCPlateVoltage . ... . . ... . ... 2600 V
DC Grid-No.2 Voltage . .. ... .. ... ..uuoo... 550 V
DC Grid-No.1 Voltagek .. ... ... ........... 75 V
DC Plate Current . .. . ... ... ... 490 mA
DC Grid-No.2 Current . . .. ... ... -15 mA
DC Grid-=No.T Curfent . . :wws vawws swe swms 0w 0 mA
Drive Power (Approx.) . ............ouu... 18 W
Output Circuit Eff. (Approx.) . . ... .......... 90 %
Useful Power Qutput . . . o voes oo s mus soa 280 W

RF Power Amplifier & Oscillator — Class C Telegraphy®
and
RF Power Amplifier — Class C FM Telephony®

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 Input9 . ... ... ivniivnnionss 50 max. W
Plate Dissipation « : sw: sws s s% § 4@ 5,595 & 1500 max. W
Maximum Circuit Values:

Grid-No.1-Circuit Resistance . . ............. 5000 max. §2
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 MHzl.

DCPlate Voltage .. .: 0 swas smos sis s snsse 2600 V
DC Grid-No.2 Voltage . . . ... ............... 550 Vv
DC Grid-No.1 VoltageM . . . .. ............... -85 V
DC Plate Current . ... ......... ... . 900 mA
DC Grid-No.2 Current . . ................... -10 mA
DC Grid-No:1 ‘Current ; « sz sas: sms s sms s 5ms 2 5 mA
Drive Power (Approx.) . .. ... ... ... ... u.... 70 W
Output Circuit Eff. (Approx.) . . .. .. .......... 90 %

Useful Power Qutput . . .. .. ................ 1160 W

Notes:

o

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

o

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

With special shield adapter.

a o

See Dimensional Outline for temperature measurement points.
See Section V.C. of 1CE-300.

See SectionV.B. and V.B.1 of 1CE-300.

See Section V.B.2 of 1CE-300.

See Section V.B.3 of 1CE-300.

-~

o @

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

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

M Adjust for zero-signal DC plate current of 0.1 A.
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Figure 1 — Tube Extractor — Suggested Design

Tabulated Dimensions*

Dim. Values

A 2.8 (71.)

B 1.8 (46.)

C Radius 0.06 (1.5)

D Radius 0.06 (1.5)

E 0.7 (18.)

F Dia. 0.250 ( 6.35)

G Radius 1.015 (25.78)

H 0.75 (19.)

J Dia. 0.140 ( 3.56)

K 8.39 0.145 radians
M 459 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 mm).
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Mounting

See the preferred mounting arrangement below. See section
111.C.3.a of 1CE-300 for a description of the fixed method
mounting. The adjustable method is not recommended for
the 4661. Special sockets are available.

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

ENLARGEMENT

] |

DETAIL 92L.5-3556

Figure 6 — Preferred Mounting Arrangement

Note: Finger stock is N0.97-360A 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 Products Incorporated
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 ( 0.64)
K 0.500 (12.70)
M Dia. 0.725 (18.42)
N Dia. 0.594 (15.09)
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 | Electronic Components | 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. In typical operation at 1500 watts plate dissipation,
and 22590 C plate core temperature, 35 cfm at 0.50 inch
water, static pressure drop, at 500 C ambient air temper-
ature at one atmosphere, should be sufficient as shown
in the Coolant Characteristic curves of Figure 7.

INCOMING AIR TEMPERATURE =50°C AR FLOW
MAXIMUM CORE TEMPERATURE=250°C o .
PLATE CORE TEMPERATURE i~ k!
STATIC PRESSURE DROP ——— |
T T 1
1 1 R weo aw
t T |
: : = ‘
100 s —
T 1 }
T }
= : e
= TEMPERATURE HHOISEO),
= T mad Rl KUy
=z 80 I I 0
= 1 T V4 T
E ’y
a. 1 1
5 !
w 70 s
w H STATIC PRESSURE H
pre i¥atuass RELATED TO SEA
@ A LEVEL ]
$ 60 - f T
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g 4
z B
'3 50
E e
AW ]
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I ¥ T
NG 3 T t H
N : ; n
F T 600W 1T 900W - 1200W HI500W
Er A F
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PLATE CORE TEMPERATURE-°C
o 1.0 20 30

STATIC PRESSURE DROP-INCHES H,0
92LM-3558

Figure 7 - Coolant Characteristics

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 2500 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.C of 1CE-300.

4

A4
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AIR COOLED
RADIATOR
NOTE la

PLATE CORE

TEMPERATURE
MEASUREMENT POINT

PLATE TERMINAL
CONTACT NOTE Ib

GRID-No.2 TERMINAL
NOTE Ic

GRID-No.| TERMINAL/L T
NOTE Id R | —

HEATER-CATHODE /

TERMINAL NOTE le

£Z3 NOTE 2
27 CERAMIC INSULATOR

® CERAMIC-METAL INTERFACE
TEMPERATURE MEASUREMENT
POINT

Figure 5 — Dimensional Outline

Tabulated Dimensions*

.
=

Dimension Value

Inches Millimeters
A Dia. 3.70 £.03 93.98*.76
B Dia. 3.210 min. 81.54 min.
C Dia. 3.010 min. 76.45 min.
D Dia. 2.307 min. 58.60 min.
E Dia 1.700 min. 43.18 min.
F Dia 0.725 max. 18.41 max.
G 3.76 £.10 955 25
H 3.30 *.10 83.8 25
J 1.65 *£.03 4191%.76
M 0.200 £.025 5.08 .64
N 0.37 *.03 9.40*.76
P 0.46 *.03 11.68 .76
R 0.250 min. 6.35 min.
S 0.105 min. 2.67 min.
T 0.200 min. 5.08 min.
U 0.620 min. 15.75 min.
\% 271 £.10 68.8 25

\HEATER TERMINAL
NOTE It

92LM-3557

Note 1: The contact distance* indicated is the minimum uniform

length as measured from the edge of the terminal.

Terminal Dimensional Value
Inches Millimeters

1.a Radiator 0.620 15.75
1.bPlate 0.220 5.59
1.cGrid No.2 0.220 5.59
1.dGrid No.1 0.175 4.45
1.e Heater-Cathode 0.115 292
1.f Heater 0.135 3.43

Note 2: Keep all stippled regions clear. In general do not allow
contacts to protrude into these annular regions. If special connectors

are required which may intrude on these regions,

contact RCA

Power Tube Application Engineering, Lancaster, PA, for guidance.

*Basic dimensions are in inches unless otherwise specified. Metric
dimensions are derived from the basic inch dimensions (One inch =

25.4 mm).



RADIO CORPORATION OF ARPIERICA
RCA INTERMNATIONAL DIVISION

HARRISON, NEW JERSEY

LICENSEE SERVICE @

May 9, 1963
RCA-5651A

MINIATURE VOLTAGE-REFERENCE TUBE
For Exceptional Voltage Stability

Gentlemen:

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 dec 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 dc operating voltage) —— no greater than 0,1 percent
b) between 300 and 1300 hours of operation
(from dc operating voltage at 300 hours) — 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 -55°C to +90°C range.

}

}

The 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,

$i

Very truly yours,

R.F. SIMOKAT
Licensee Service

RFS/mg




Glow=-Discharge
Tube

7-PIN MINIATURE TYPE

RCA-5651A

VOLTAGE-REFERENCE TUBE

For Exceptional Voltage
Stability

RCA-5651A 1s a7-pin miniature, voltage-refer-
ence tube of the cold-cathode, glow-discharge
type. Because of its exceptionally
stable voltage characteristic the
5651A 1is especially useful as a
voltage-reference tube in dc power
supplies. The 5651A maintains a
dc operating voltage of 85.5 volts
at 2. 5milliamperes, has adc opera-
ting current range of 1.5 to 3.5
milliamperes, and an operating
characteristic which isessentially
independent of ambient temperature
in the -55 to +90° C range. The
maximum variation in initial tube
drop at any specific current value
1s only 4 volts.

The 5651A 1s life tested to
assure that the tubes provide
exceptional voltage stability. During the first
300 hours of operation the voltage drift from the
initial dc 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 dc operating voltage at 300 hours. Further-
more, the voltage drift during any 100-hour period
between 300 and 1300 hours of operation 1s no
greater than 0.05%.

The excellent performance of the 5651A 1is
largely due to its special design in which the
entire cathode area 1s 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 tominimize slow voltage drift.

DATA
General:
Cathode s s 6 w o s © & @« s © s @ ¢ & & .+ .Cold
Opetating Position: « = @ s s eve o o8 & & 5 @ & & Any
Maximum Overall Length. . . . . . . . . . . . . 2-1/8"
Maximum Seated Length . . . . . . . . . . . . . 1-7/8"
Length, Base Seat to Bulb Top
(Excludlng D) w0 w s o w ow om s e o s 1-1/2" + 3/32"
Diameter: « s s s » s s & « » z 0.650" to 0.750"
Biilbz & 5 8 8 % s @ 6 916 & & 5@ & @ %@ % & 3 T5-1/2

Base. . . .Small-Button Miniature 7-Pin (JEDEC No.E7-1)
Dimensional Qutline . « « « « « « o & JEDEC No.5-2

Maximum and Minimum Ratings, 4bsolute-Maximum Values:

DC Operating Current (Continuous) . . 3.5 max. ma
DC Operating Current (Continuous) . . 1.5 min. ma
Ambient Temperature Range . . . . . . -55 to 490 °C
Characteristics and Operation Range Values:
Min. Av. Max.

DC Starting Voltage . . . s 107 115% volts
DC Operating Voltage (Varla-

tion from tube to tube):

At 1.5 ma . . . . .. .. 83 85 87 wvolts

At 2.5 M8 s 5 » s ® » ® & 83.5 85.5 87.5 volts

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

3.oMa) v s m w8 @ ow s - - 3 volts

Temperature Coefficient of

Operating Voltage (over

ambient temperature range o

of -55 to +90° C) s « @ s - -4 - mv/°C

% A dc supply voltage of 115 volts minimum should be
provided to insure "starting" throughout tube life.

750
— .650%*
DIA.

A1
Dimensions
2 in Inches
8

MA

x

E )
I -
Blor n—

T5-1/72 BASE
BULB JEDEC No. E7-1
92Cs—1202!

Measured from base seat to bulb-top line as deter—
mined by ring gauge of 7/16" I1.D.

** Applies in zone starting 0.375" from base seat.

580

Pin 1- Anode

Pin 2-Cathode

Pin 3— 1C—Do Not Use
Pin 4 -Cathode

Pin 5-— Anode

Pin 6 - 1C—Do Not Use
Pin 7 -Cathode

RADIO CORPORATION OF AMERICA
® Electron Tube Division Harrison, N. J.
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5651A

Percentage Variationbof
Operating Voltage:
During first 300 hours

of lifeS, s o o & u =
During subsequent 1000
hours of life o+ « « =

Short-term (100 hours)
Variation of Operating
Voltage after first 300

hours of lifel. . . . .. - -

Instantaneous Voltage
Fluctuation (Voltage
Jump)Zs 5 o w0 w @ 5 - -

0.1 %
0.1 %

0.05 %

0.1 volt

Circuit values:

Shunt Capacitor . . . . . . - -
Series Resistor . . . . . . Note e

0.02 pf

b e operating current = 2.5 ma.
€ After initial 3-minute warm-up period.
Defined as the maximum instantaneous voltage fluctua-

tionat any current level within the operating current
range.

A series resistor must always be used with the 5651A.
The resistance value must Ke 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

Stability 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,
dc operating milliamperes = 2.5, anode-circuit
resistance (ohms) =20000. At the end of 300 hours
of operation, tubes will not show a change in dc
operating voltage greater than 0.1% from the
initial dc operating voltage. At the end of 1300
hours of operation, tubes will not show a change in
dc 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 achange in dc operating
voltage greater than 0.05% from the dc operating
voltage at the start of the interval.

INSTALLATION AND APPLICATION

Make no connections to pins 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 a jumper 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
pair of interconnected pins exceed one ampere.

If the load for the regulated power supply is
disconnected either directly or by removing
the 5651A fromits 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 warm—up period of 3 minutes should be allowed
each time the equipment is turned on to insure
minimum voltage drift of the 5651A.

When a shunt capacitor is used with the 5651A,
its value should be limited to 0.02 xf. 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 1s opera-
ted in the presence of strong rf or magnetic fields.

A series-type stabilized voltage supply using
the 5651A as voltage-reference tube, 6080 as
series-regulator tube, and 5751 as control tube,
is shown in Fig.1. 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 dc 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 avariation of
+ 10 per cent inline voltage is less than 0.1 volt.

‘b
SRs 3Rs  3Rg
>

<
b: <
< <
TYPE 6
—\575! REGULATED SUPPLY
| o -K R7 VOL;;;%E gOTLO.AD
UNREGULATED ) o-zzg ﬁA?
FILTERED
DC VOLTAGE* gng . g TYPE
0 X XX
T
92CM —12020
C1-0.1 uf, 400 volts Rs — 12000 ohms, 2 watts

R1 - Plate current balanc-
ing potentiometer,

R6 — 68000 ohms, 1 watt
R7-1 megohm, 1/2 watt

160 ohms, 10 watts Rg — 15000 ohms, 2 watts
R2-12000 ohms, 2 watts Rg — Output voltage-con—
R3 = 470000 ohms, 1/2 watt trol potentiometer,
Ry — 470000 ohms, 1/2 watt 10000 ohms

A 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.1l - Series-Type Stabilized Voltage Supply Using
RCA-56514 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.
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HARRISON, NEW JERSEY

LICENSEE SERVICE @

May 15, 1961

NEW RCA-5762-A
AN IMPROVED POWER TRIODE
FOR VHF TELEVISION

Gentlemen:

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.

Verytruly yoursy’ S .

/(LN

/

R.F. SIMOKAT
Licensee Service

RFS:mlm

RADIO CORPORATION OF ARPIERICA
RCA INTERMNATION AL DIVIASION




5762-A

POWER TRIODE

Thoriated-Tungsten Filament
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 4-11/16"
Max. Length (Excluding
flexible leads) 7-1/8"

RCA-5762-A
triode designed for vhf service

is a forced—air-cooled power
in television
and cw applications. It has a maximum plate
dissipation of 4 kilo-
watts and is rated for
operation up to 220 mega-

cycles per second.

The flanged—-header
grid terminal is adesign
feature of particular
value when the 5762-A is
used in cathode-drive
(also called grounded-
grid) circuits. In such
circuits this terminal,
when used with a large
ef-

isolates the

circular connector,
fectively
filament circuit fromthe
plate circuit, and pro-
vides adirect low—induc—
tance path to the grid.

As a result, neutraliza—

tion is generally un-

necessary in cathode-drive service.

The design of the 5762-A includes three

multiple—ribbon filament leads, one of which is
a center tap to facilitate the reduction of fila-—
ment—lead inductance in high-frequency circuits.
Within the tube, the leads to the thoriated-
tungsten filament are short and direct. An
efficient external radiator provides for plate

cooling by means of forced air. The conical grid

support is structurally strong, serves to cool
the grid,

ductance.

and effectively reduces grid-lead in-
These various design features al
contribute to the excellent performance of the

5762—A in very—high—frequency applications.

The B762-A can deliver a synchronizing-level
power output of 6.35 kilowatts in broad-band

television service at 216 Mc; a carrier power

Trademark(s) ® Registered
Marca(s) Registrada(s)

ELECTRON TUBE DIVISION

RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY

output of 3.7 kilowatts in plate-modulated tele-
phony service using conventional grid-drive cir-—
cuits at frequencies up to 30Mc;
put of 7 kilowatts
using cathode-drive circuits at frequencies up
to 30 Mc, or 4 kilowatts at 220 Mc.

and a power out-
in class C telegraphy service

The 54762-A is unilaterally interchangeable
with the 5%762/7C24.

GENERAL DATA

Electrical:

Filament, Thoriated Tungsten:
voltage (AC or DC). 12.6 + 0.6 volts
Current . . . . .. 29 amperes

Starting current: The filament current must never exceed
175 amperes, even momentarily

cold resistance . 0.052 ohm
amplification Factor. @ v % 29
Direct Interelectrode Capacitances:
Grid to plate « « s « s s @ s = « = 18 pu f
Grid to filament. . . + . « « + . . 19 uu f
Plate to filament . . . . . . . . . 0.5 uuf
Mechanical:
operating Position. » = Vertical, either end up
Max imum Overall Length (Excluding flexible leads). 7-1/8"
Maximum Diameter. . @ B-11/16"

See Dimensional Qutline

Terminal Connections.

rRadiator. Integral part of tube
Weight. 6-1/4 1bs.
Thermal:

Air Flow:

Through Radiator—The specified flow of incoming air
at a temperature of 459 ¢ for various plate dissi-
pations, as indicated in the tabulation below,
should be delivered by ablower through the radiator
before and during the application 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. . . 300 214 125 cfm
Static Pressure . . . 2.9 1.47 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 application of any voltages in order
to 1imit the temperature of the filament seals and
the grid seal to their maximum value.

Incoming Air Temperature. e e e e o« « . 45 max. op
Radiator Temperature (Measured on the core g
at end away from incoming air). E . . 180 max. C

Bulb Temperature (At hottest part). 180 max. Oc
Seal Temperature:

Filament, grid, and plate . 180 max. °c

5762—A 5=61
Printed in U.S.A.




AF POWER AMPLIFIER & MODULATOR — Class B

Maximum CCS? Ratings, 4bsolute-Maximum Values:b

DE PLATE VOLTAGE: » o « = o 9 & & # = = 6200 max.
MAX.—-SIGNAL DC PLATE CURRENTS . . . . . 1.5 max.
MAX.—SIGNAL PLATE INPUTS. . . . . . . . 8700 max.
PLATE DISSIPATIONS. . . . . . . . . . . 2000 max.

Typical Operation:
Values are for 2 tubes

DC Plate Voltage. . « « o « « o« « & « o H4700
DG Grid Voltage ¢ « « ¢ w « 4« © & o o« &« =200
Peak AF Grid-to-Grid voltage. . . . . . 900
Zero-Signal DC Plate Current. « . . . . 0.3
Max.-Signal DC Plate Current. . . . . . 2.8
Effective Load Resistance

(Plate to plate)s « ¢« « & s w s s = s 3640
Max.-Signal Driving Power (Approx.) . . 195
Max.—-Signal Power OQutput (Approx.). . . 8800

volts

amp
watts
watts

volts
volts
volts
amp
amp

ohms
watts
watts

RF POWER AMPLIFIER — Class B Television Service

Synchronizing-level conditions per tube unless

otherwise specified.
Maximum CCS2 Ratings, 4bsolute-KMaximum Values:

DC PLATE VOLTAGE: + : = & s @ ¥ « & s « 4500 maxs
DC PLATE ‘CURRENT« w & = w s ® s w» s o 2.0 max.
DC GRID CURRENT (Pedestal level). . . . 0.325 max.
PLATE INPUT o w o @ & @ som ¢ & @ s @ 9000 MaKs
PLATE DISSIPATION « « « « « « « &« « « . 4000 max.

Typical Operation in Cathode-Drive Circuit:

Bandwidth™ of 10 Mc 8.5 Mc 6.0 Mc

DC Plate voltage. . . . . 3000 3200 4300
DC Grid voltage . . . . . =105 -110 -150
Peak RF Grid voltage:

Synchronizing level . . 380 435 500

Pedestal level. . . . . 290 310 355
DC Plate current:

Synchronizing level . . 118 1.8 2.0

pedestal level. . . . . 1.36 1:35 15
DC Grid Current:

Synchronizing level . . 0.265 0.400 0.439

pPedestal level. . . . 0.115 0.130 0.118
Driving Power (Approx.):€

Synchronizing level . . 625 770 983
Power Output (Approx.):

Synchronizing level . . 3150 4000 6350

pedestal level. . . . . 1800 2300 3590

GRID MODULATED RF POWER AMPLIFIER —

At Frequency of 54 to 215 Mc.

volts
amp
amp
watts
watts

volts
volts

volts
volts

amp
amp

amp
amp

watts

watts
watts

Class C Television Service

Synchronizing-level conditions per tube unless

otherwise specified.
Maximum CCS2 Ratings, 4bsolute-Maximum Values:

DC PLATE VOLTAGE. « « -« « =« « « « « . . 3700 max.
DC GRID VOLTAGE (white level) . . . . . —800 max.
DC PLATE CURRENTs = & & s & & & & 5 » = 1.9 max.
DC GRID CURRENT (Pedestal level). . . . 0.225 max.
PLATE INPUT & 5 © s s @ s @ & & % s 5 & 6500 maxs
PLATE DISSIPATION « « « « « « & « « « . U000 max.
Typical Operation in Cathode-Drive Circuit:
Bandwidthd of 8.5 Mc
DC Plate Voltages s« « w.5s s @ o« » » & & 3200
DC Grid voltage:
Synchronizing level . . . . . . . -110
pedestal 1level. v s = s ¢ @ s « & » @« —220
white level ¢ « « = s« s« w3 » « #+ &« s —520
Peak RF Grid voltage. . . . . . . . . . 435

At Frequency of 54 tob216 Mc.

volts
volts
amp
amp
watts
watts

volts

volts
volts
volts
volts

DC Plate Current:

Synchronizing level . . . « . « . . . 1.8

Pegestal levels « @ « w o & @ & 5 & v 1.25
DC Grid current (Approx.):

Synchronizing level « « 4+ « « &« « « » 0.400

pedestal Tevels s = ¢« o s s « & » & = 0.130
priving Power (Approx.):&

Synchronizing level . « « &« « o « & « 770
Power output (Approx.):

Synchronizing level . . . . . . . . . 14000

pedestal levels « = @« » » » o &« &« & &« 2300

PLATE MODULATED RF POWER AMPLIFIER —

amp
amp

amp
amp

watts

watts
watts

Class C Telephony

Carrier conditions per tube for use with a maximum modu-

lation factor of 1.0.

Maximum CCS2 Ratings, 4bsolute-N¥aximum Values

DC. PLATE VOLTAGE: s « & & & &« » s » « = 5000
DC GRID VOLTAGE « « ¢« o ¢ o o o « « » « =1000
DC PLATE CURRENTs o o « o » o & @ s o @& 1.0
DC GRID CURRENT « ¢ & & o « s o o & o & 0.3
PLATE INPUT « « & « o o =« =& @ » = o = « 5000
PLATE DISSIPATION = & & o o & « w « @ & 2700
Typical Operation in Grid-Drive Circuit:
Up to
30 Mc I
DC Plate Voltage. -« « o« « « « » « « #4700
DC Grid voltage . « « « ¢« o » « « » —U00
From a grid resistor of . . . . . 1425
peak RF Grid voltagef . . . . . . . 675
D¢ Plate currente « s = s = @ s == 0.96
DC Grid current (Approx.) . . . . . 0.28

Driving Power (ApPpProx.) « . « « . . 170

Power output (Approx.). . . . . . . 3700
Typical Operation in Cathode-Drive Circuit:
DC Plate Voltage. « - « « » « « o « #7700
DC Grid Voltage . « « « « &« &« « » « =400
From a grid resistor of . . . . . 1425
Peak RF Grid voltage. . . . . . . . 675
PC Plate Current. « « o « & o o s = 0.96
DC Grid Current (Approx.) . . . . . 0.28
priving Power (Approx.)9. . . . . . 720
Power OQutput (Approx.). . . . . . . 14200

RF POWER AMPLIFIER & 0SC.
and

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

At
10 Mc
4000
-350
1460

600
0.93
0.24

130
2800

4000
=350
1460

600
0.93
0.24

600
3200

See Ratings VS Frequency Chart.

volts
volts
amp
amp
watts
watts

volts
volts
ohms
volts
amp
amp
watts
watts

volts
volts
ohms
volts
amp
amp
watts
watts

— Class C Telegraphy

RF POWER AMPLIFIER — Class C FM Telephony

See Ratings VS Frequency Chart
Maximum CCS2 Ratings, 4bsolute-Maximum Values

DG PLATE VOLTAGE: = w « @ @ s « & & & « 6200
DC GRID VOLTAGE + « « « o s s « « o « « —=1000
DC PLATE CURRENT: s « & o i & = & # % & 1.4
DE GRID CHRRENT « % & & @ @ » @ © = = o 0.3
PLATE INPUT « o » o = o o @ &« @ w s = =« 8700
PLATE DISSUPATION = « & o & % & @ & % 1000
Typical Operation in Grid-Drive Circuit:
Up to 30
DC Plate vVoltage. . « « . « &« o « « « . 6000
DC Grid voltage:
From a fixed supply of. . . . . . . . =550
From a grid resistor of . . . . . . . 1900
From a cathode resistor of. . . . . . 360
Peak RF Grid voltage. . « « « « v « « & 875
DG Plate currents s = « & = # » & 3 « » 1285
DC Grid current (Approx.) . . « . . . . 0.290
Driving Power (APProx.) . « « « « o« . . 225
power output (Approx.). « . « . . . . . 6000

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

Mc

volts
volts
amp
amp
watts
watts

volts

volts
ohms
ohms
volts
amp
amp
watts
watts

A4



Typical Operation in Cathode-Drive Circuit:

Up to At At
30 Mc 110 Mc 220 Mc

DC Plate voltage. . . . 6000 5000 4300 volts
DC Grid voltage:

From a fixed supply of. . -550 —=1000 -200 volts

From a grid resistor of . 1900 4100 807 ohms

Fromacathode resistor of. 360 740 134 ohms
Peak RF Grid voltage. . . . 875 1350 432 volts
DC Plate Current. . .. 1.25 leid 1.25 amp
DC Grid current (Approx.) 0.290 0.245 0.25 amp
Driving Power (Approx.) . . 1225 1680 542 watts
Power Qutput (Approx.). . . 7000 5500 4000 watts
SELF-RECTIFYING OSCILLATOR or AMPLIF|ER — Class C

See Ratings VS Frequency Chart
Maximum CCS2 Ratings, 4bsolute-Naximum Values:
AC PLATE VOLTAGE (RMS): « « « « « « « . 7000 max. volts
DC GRID VOLTAGE « + &« « + & « &« « s +« « =300 max. volts
DC PLATE CURRENT. « « « +« +« « « « « « . 0.635 max. amp
DC GRID CURRENT « s o @« s o = s @ w s » 0135 maXse amp
PLATE INPUT e « o « o o s o & & @ « s & 4900 max. watts
PLATE DISSIPATION + « & & + &« & + « « o U000 max. watts
Typical Operation:
AC Plate voltage (RMS). . . . . . . . . 6600 volts
DC Grid Voltage o « o » s s & s w & & « =127 volts
DC Plate Current. « &« <« &« ¢« « +« « « . . 0.625 amp
DC Grid current (Approx.) . . . . . . . 0.105 amp
Driving Power (Approx.)J. . . . . . .. 60 watts
power output (Approx.). . . « « « . . . 3350 watts
AMPLIFIER or OSCILLATOR — Class C

With separate, rectified, unfiltered, single-phase,
full-wave plate supply. See Ratings VS Frequency Chart.
Maximum CCS2 Ratings, 4Absolute-Maximum Values:b
DC PLATE VOLTAGE. « « « + « &« « « « « .« 5600 max. volts
DC GRID VOLTAGE + « « « &« &« « &« « « « . =600 max. Vvolts
DE PLATE CURRENT« w0 o o & w w s = o w w $e2h MaXs. amp
DC GRID CURRENT ¢« « « &« « « « « « + « . 0.270 max. amp
PLATE INPUTK. . « + « . « . . « . . .. 8600 max. watts
PLATE DISSIPATION « + & &+ « « +« &« « » » 4000 max. watts
Typical Operation:
DC Plate voltage. . « « « « ¢ o« « « « « 5000 volts
DC Grid voltage « « « « « & « &« & & &« « =260 volts
DC Plate Current. . i @ 1.2 amp
DC Grid Current (Approx.) . . . .« «. . . 0.260 amp
priving Power (Approx.)Mm. . . . . . . 150 watts
Power OQutput (Approx.). . . « « . . . . 5650 watts

Service.

The maximum ratings inthe tabulated data areestablished
in accordance with the following definitionof the 4bso-
lute-Maximum Rating System for rating electron devices.
Absolute-Maximum Ratings arelimiting 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
probab]e conditions.

2 Ccontinuous commercial

The device manufacturer chooses these values to provide

RATINGS vs FREQUENCY

FREQUENCY [30]110] 220 | me
MAX. PERMISSIBLE PERCENTAGE
OF MAX. RATED PLATE VOLTAGE
AND PLATE INPUT:
Class BTelevision Service|[Full Ratings — 54 to 216 Mc
Class C Television Service [Full Ratings — 54 to 216 Mc
Class C Telephony,
Plate—Modulated [100 | 84 72 per cent
Class C Telegraphy and
FM Telephony [100 | 84 72 per cent
Class C Amplifier or
0sc., Self-Rectifying|100 |84 72 per cent
Class C Amplifier or oOsc.
with Separate, Rectified,
unfiltered Plate Supply|100 | 84 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 C Television Service|Full Ratings — 54 to 216 Mc
Volt. Cur.
Class C Telephony,
Plate-Modulated [100|100 | 60 83 | per cent
Class C Telegraphy,and
FM Telephony [100[100 | 60 83 | per cent
Class CAmplifier or
0sc., self Rectifying[100|100 | 60 83 | per cent
Class C Amplifier. or oOsc.
with Separate, Rectified,
unfiltered Plate Supply|100[100 | 60 83 | per cent

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN

acceptable servtceab|1|ty of the device,

taking no

responsibility for equipment variations, enV|ronment
variations, and the effects of changes in operating con-
ditions due to variations in device characteristics.

The equipment manufacturer should design so that ini-
tially and throughout 1ife no absolute-maximum value
for the intended service is exceeded with any device
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-
tions in device characteristics.

Note Min. Max.

Filament Current. « . . + . . v 1 27 31 amp

amplification Factor. . . . . o L2 25 33

Grid-pPlate Capacitance. .« + « « . = 16.5 20.5 uuf

Grid-Filament Capacitance . . . - 1545 12245 e f

Plate—Filament Capacitance. . . - 0.38 0.62 uuf

Grid voltage. . . . « . . P 1,3 =125 =190 wvolts

Plate voltage . . . . . . . . . 1,4 1350 1750 volts

Plate Voltage « « o « ¢ o = o o o 1455 2600 3400 volts

Peak Cathode Current. . . . . . . 6 10 - amp

Useful Power Qutput . . . s = oe 1,7 3 - kw

Note 1: wWith 12.6 volts rms on filament.

Note 2: With dc grid voltage of —25 volts measured from
center tap of filament supply, and dc plate volt-—
age adjusted togivedcplate current of 0.5 ampere.

Note 3: with dc plate voltage of 4000 volts, and dc grid
voltage adjusted to give dc plate current of
0.05 ampere.

Note u4: with dc grid voltage of 0 volts measured from
center tap of filament supply, and dc plate volt-
age adjusted togive dc plate current of 0.5 ampere.

Note 5: with dc grid voltage of —50 volts measured from
center tapof filament supply, and dc plate voltage
adjusted to give dc plate current of 0.5 ampere.

Note 6: Designers should 1limit the maximum useable cathode
current (plate current and grid current) to this
value under any condition of operation.

Note 7: |n a self-excited, coaxial, oscillator circuit

and with dc plate voltage of 5000 volts, dc plate
grid resistor of 1500 #

current of 1.1
10% ohms,
pere,

amperes,
dc grid current of 0.250 to 0.300 am—
and frequency of 110 Mc.




Averaged over any audio-frequency cycle of sine-wave form.

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

is required to supply tube losses and

|t should be designed to provide an
excess of power above the indicated values to take care
of variations in line voltage, incomponents, in initial
tube characteristics, and in tube characteristics
during life.

pDriver modulated approximately 30%.
9 carrier power of driver modulated 100%.

The driver stage
rf circuit losses.

h Plate input is 1.11 times the product of the ac voltage
. (rms) and the dc plate current.

J From a self-rectified driver.

k Plate input is 1.23 times the product of the dc plate

voltage and the dc plate current.

M 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 air. The
temperature may be measured either with a thermo-
couple or with temperature-sensitive paint such
as Tempilag. The latter is made by the Tempil
Corporation, 132 W. 22nd Street, New York [, New
York, in the form of liquid and stick.

Similarly, the maximum temperature of 180° C
for the bulb as well as for the filament, grid,
and plate seals is to be observed in the same
manner as other ratings.

Handling

Care should be taken to protect the 5762-A
from rough handling that would damage the metal-
to-glass seals or other parts. Each tube is
suspended within its shipping container so that
it will not come incontact with the sides during
shipment. The tube should be stored in the
container with the filament 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 thetube is placed in operation,
remove any foreign material adhering to it.

Tube cleanliness 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 possibility
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 filament 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 ciamp for the
radiator. |f the tube is subjected in service
to considerable vibration, it is advisable to
support the mounting by means of aspring suspen-
sion. The installation of all wires and connec—
tions must be made so that they will not be close
to or touch the glass parts.

Connections

Connections to the filament 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 beused tosupport 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

Cooling of the 5762-A is accomplished by
passing a stream of clean air through the radi-
ator toward the filament end, and by directing a
stream of air into the filament header. A suit-
ableairfilter is required in the air supply for
the radiator. Care should be given to cleaning
or replacing the filter at intervals in order
that accumulated dirt will 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 cooling
requirements of the tube as a plate-modulated rf
power amplifier, it should be remembered that
|00% sine-wave modulation causes a 50% increase
in the plate dissipation above that obtained
under carrier conditions. The header and fila-
ment seals are cooled by air flow of not less
than |10 cubic feet per minute from anozzle about
| inch in diameter into the header.

Precautions

The cooling system should be properly in-
stalled toinsure safe operation ofthe tube under
all conditions and for this reason should be
electrically interconnected with the filament and
plate power supplies. This arrangement isneces-
sary to make sure that the tube is supplied with
air before any voltages are applied. 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 filament of the 5762-A is of the thori-
ated-tungsten type. Under normal full-load con-
ditions, the filament should be maintained at the
rated voltage within * 5%; with light loads, re-
duction of the filament voltage by as much as 5%

and not to permit operation of the two sections
in parallel. At the higher frequencies, all
three filament leads should be connected in
parallel by means of rf bypass capacitors. Any
one of these three leads may then be used as the
rf return to the filament.

Having a maximum value of starting current
about 6 times higher than the normal operating
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Fig.1 - Typical Cooling Requirements
for Type 5462-A4.

is permissible. In the latter case, care must
be taken that the reduction ofthe filament volt-
age and, therefore, of emission is not so great
that the peak current requirements cannot be met.
In intermittent service where the standby periods
are no longer than |5 minutes, it is recommended
that the filament voltage be reduced to 80% of
normal during standbys; for longer periods, the
filament voltage should be turned off.

The filament is center—tapped in order to
minimize the effect of filament lead inductance,

Fig.2 - Average Plate Characteristics
of Type 5762-A.

value, the filament can generally be operated
from commercial transformers without a filament
starter. Such transformers usually have ade-

quate secondary impedance to hold the starting
current below the maximum value of |75 amperes.
| f, however, the starting current should exceed,

even momentarily, the value of 175 amperes, some
means of limiting it will be required. Usually,
a small increase in the resistance of the trans—

former—-secondary circuit supplying the filament
will be all that is reqguired. Increasing the




lead lengths between secondary and filament
terminals is a convenient method of providing
the desired increase in circuit resistance.

Overheating of the B762-A by severe overload
may decrease the filament emission. The filament
activity can sometimes be restored by operating
the filament at rated voltage for |10 minutes or

cation of plate voltage before the filament has
reached normal operating temperature.

A protective device, such as a high-voltage
fuse, should be used toprotect the plate against
overloads. It should remove the high voltage
when the average value of plate current reaches

more with no voltage on the plate or grid. This a value of 50% above normal.
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Fig.3 — Average Constant-Current Characteristics
of Type 5762-4.
process may be accelerated by raising the fila-

ment voltage to |5 volts (not higher) for a
few minutes.

Protection Circuits

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

The plate circuit should be provided with a
time—delay relay which will prevent the appli-

Fig.4 - Typical Grid Characteristics
of Type 5762-A.

Circuit Requirements

In class B af modulator service, the 5762-A
should be operated with grid bias obtained from
a battery or other source of dc 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
exceptionally good voltage regulation. Each grid
circuit should be provided with a separate bias
adjustment tobalance the grid and plate currents.



In class B television service, the bias re-
quirements are the same as those indicated under
class B af modulator service.

In class C television service, the 5762-A is
supplied with unmodulated rf grid voltage and
with a video-modulated grid voltage.

In plate-modulated class Crf power amplifier
service, the 5762-A should be supplied 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 isnot 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 amplifier-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 supplied with bias by any convenient
method. When the tube is used in the final am-
plifier or a preceding stage of a transmitter
designed for break—in operation and oscillator
keying, asmall amount of fixed bias must be used
to limit the plate current and, therefore, the
plate dissipation to asafe value. |f 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 supplied with bias by any convenient
method. This type of service is similar to
conventional class C rf telegraphy service.

In class C service primarily for industrial
applications, the 5762-A can be operated as a
self-rectifying oscillator or amplifier, or as
an amplifier or oscillator with a separate,
rectified, single-phase, full-wave plate supply
without a filter. |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 isautomatically adjusted as the load on the
circuit varies. Inthoseapplications 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 isto adjust the grid-
current and grid-voltage values at full load to
one—-half of the corresponding maximum values.

This operating condition permits grid-current
and grid-voltage values to rise from zero to
twice their full-loadvalues, andusually provides
adequate leeway.

In grid-drive circuits, the grid current and
driving power required to obtain the desired
power output will 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
intoarelatively high load resistance, relatively
high grid current and driving power are required
to obtain the desired output and the plate cir-
cuit efficiently will 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 coupling circuits, the
driver stage should have considerably more out-
put capability 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. |f the driving voltage
and grid current are increased, the output will
always increase. Such isnot 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 easily be exceeded.

Care must be exercised to shield completely
the filament-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 amplifier, it
must be remembered that variations in the load
on the output stage will produce corresponding
variations in the load on the driving stage.
This effect will be noticed by the simultaneous
increase in plate currents of both the output
and driving stages.

Push-pul | or parallel circuit arrangements
may be used when more radio-frequency power is
required than can beobtained from a single tube.




Two tubes in parallel or push-pull will give
approximately 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
required is approximately twice that for a sin-
gle tube. The push-pull arrangement has the

advantage of cancelling the even-order harmonics

. . . . E. E. Spitzer,
from the output and of simplifying the balancing tronics, vol.19,
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of high-frequency circuits.
tubes are used in the circuit, precautions should
be taken to balance the plate currents.
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5820-A
IMAGE ORTHICON

Magnetic Focus
Magnetic Deflection

For Qutdoor and Studio Pickup
High Sensitivity

3"-Diameter Bulb
15.20" Length

The 5820-4 is unilaterally interchangeable with the 5820.

RCA-5820-A is an image-orthicon type of tele-
intended for both outdoor and
lim—

vision camera tube .
studio pickup. It features extremely tignht
its on such important performancecharacteristics
as signal-to-noise ratio, reso-
lution, sensitivity, and uni-
formity of sensitivity and
background. = The 5820-A is
capable of providing pictures
of very high quality and also
of providing stable operation

over a wide range of

light levels on the object.
Stable performance is ob-
. tained with incident light
a4 levels on the object ranging
from bright sunlight (several

thousand footcandles) to adeep

shadow (one footcandle or
less). The sensitivity of the
5820-A is equivalent to photo-

graphié film having an ASA
index of 8000. Com-
mercially acceptable pictures

exposure
can be obtained at incident
light
|0 footcandles with appropriate

levels greater than about

setting of the camera lens
The 5820-A has an S~10
response which ap—

stops.

spectral
proaches the response of the eye.

The photocathode utilized in the 5820-A is
response having higﬁ
good
infrared

characterized by a spectral
blue sensitivity, high green sensitivity,
red sensitivity,

This
response prevents any color-masking by
and thus permits gray-scale rendition of coelors®

and practically no
sensitivity. latter characteristic of the
infrared,
in nearly their true tonal gradation.

Under proper operating conditions, the

5820-A has light transfer characteristics which

- indicates a change.

Trademark(s) ® Registered
Marca(s) Registrada(s)

incident

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:
voitage (AC or DC)e o & .« 6.3 t 10% volts
Current . . . . & 0.6 ampere
Direct |ntere1ectrode Capacntance:
Anode to all other electrodes . . 12 pf -

Response . . . .« 4 . e s e . e o .S5-10

Spectral % F w .
4500 + 300 angstroms

wavelength of Maximum Response.
Photocathode, Semitransparent:
Rectangular Image (4 x 3 aspect
useful size of. . . . . « 1.8" max. Diagonal
Note: The size of the optnca] 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 e « o o o o o o o o « o o o »
Deflection Method . « « o « ¢ o & & & « o &
overall Length. . . . R
Greatest Diameter of Bu1b . 3.00" + 0.06"
Shoulder Base . . . Ol Keyed Jumbo Annular 7-Pin
End Base. small- She]l Dlheptal 14-Pin (JEDEC NO.B1u—u5)
Operating Position. The tube should never be operated
in a vertlcal 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 (ApPrioXe)e ¢ o o s w @ o = o o« o, o« o L Ib 6 0Z
Minimum peflecting-Coil |nside Diameter . . . . 2-3/8"
Deflecting—Coil Lengthe &« « « ¢ ¢ ¢ ¢ o ¢« o« ¢ ¢ « & = 5"
Focusing=Coil Lengthe o « ¢ o « o & o « o o s & « o o 10"
Alignment-Coil Length « « « « « « . . 15/16"

Photocathode Dlstance Inside End of
Focusing Coil . . e e s s o s s 8 b 8w s e e

ratio):

.Magnetic
.Magnetic
15.20" = 0..25"

i/2"
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Maximum Ratings, 4bsolute-Naximum Values:2

PHOTOCATHODE:
voltages « « o« o« o o s o &
IMumination « « o o s » «
OPERATING TEMPERATURE:
of any part of bulb. . . .

of bulb at large end of tube

(Target section) « « .« .
TEMPERATURE DIFFERENCE:

Between target section and
of bulb hotter than target

GRID=-NO.6 VOLTAGE:. « « ¢ o o
TARGET VOLTAGE:
positive value « « « « o &
Negative value « + « « « &
GRID-NO.5 VOLTAGE. ¢ - « o
GRID—NO.4 VOLTAGE. . - « « =
GRID—NO.3 VOLTAGE. « « « - o

GRID—-NO.2 & DYNODE—-NO.1 VOLTAGE.

GRID-NO.1 VOLTAGE:
Negative-bias value. . . .
Positive-bias value. . . .

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with

respect to cathode . . .
Heater positive with
respect to cathoge »

ANODE-SUPPLY VOLTAGE « « «

VOLTAGE PER MULTIPLIER STAGE

Typical gperating Values:

Photocathode Voltage
(Image FOCUS)e « « ¢ « « &

Grid-no.6 Voltage (Accelerator)—

(approx. 75% of photocathode

voltage) « ww » w & w & @
Target—Cutoff VOltageC % % ®

Grid-No.5 voltage (Decelerator). .

Grid-No. 4 vo1taged
Grid-No.3 Voltage . . . . .

Grid-No.2 & Dynode-No.1 Voltage.

Grid-No.1 Voltage for
Picture Cutoflf . « « « & «

Dynode-No0.2 Voltage. « « « =«
Dynode—-No.3 Voltage. . « « o«
Dynode—-NO.4 Voltage. . . . .
Dynode—-No0.5 Voitage. « . . .
Anede voltage. + .« « o o o =
Minimum Peak—to-Peak
Blanking Voitage . . . . «
Field Strength at Center of
Focusing Coil® . . . . . .

(Beam Focus) . .

Field Strenth of Alignment Coil. .

Performance Data:f

With conditions shown under Typical Opera-
ting Values and with camera lens set to dring
the picture highlights one stop above the
"knee" of the light transfer characteristic

Cathode Radiant Sensitivity
at 4500 angstroms. . . . .

“Luminous Sensitivity « . . .
Anode Current (DC) « « « « .

signal—-output current (Peak
to Peak) « ¢« o ¢ & o o . e

Ratio of Peak-to-Peak High-
light video-Signal Current
{0 RMS Noise Current for
Bandwidth of 4.5 MC. . + =

Photocathode [1lumination
at 28700 K Required to
bring Picture Highlights
one Stop above "Knee" of
Light Transfer Character—
iStices ww o o % o @ & & &

-» [ndicates a change.

« ¢ s+ o « o« =550 max. volts
s s s 0 s ® 50 max. fc
v e e 50 max. oc
v Bew B @ 35 min. %
any part 5
section . . 5 max. C
« s s s o« » =550 max. volts
R 10 max. volts
O 10 max. volts
s o & o @ o 150 max. volts
w s « s s « 300 max. volts
s o & & & » YOO max. volts
« s+ » « 350 max. volts
v o @ v om & 1285 max.. volits
o ® @ B e @ 0 max. volts
s ¢ o ¢ o« 125 max. volts
v 4w 8w e 10 max. volts
e s = s « s 1350 max. volts
e o o & ¢ s 350 max. volts
« o » =HOO to =540 volts
. . . =300 to -u405 volts
. 8w -3 to +1 volts
0 to 125 volts
140 to 180 volts
% & e 225 to 330 volts
. 300 volts
s o « =45 to =115 volts
o« o e 600 volts
« . . 800 volts
o & @ 1000 volts
o 1200 volts
o o 1250 volts
o« o s 5 volits
.« e e 75 gausses
0 to 3 gausses
Nin. dverage Nax.
- 0.030 - amp/watt
30 60 - wa/lumen
- 30 - pna
8 24 pa
35:1 40:1 -
i 0.02 0.0u4 fc

.
Peak-to-Peak Response to
Square-Wave Test Pattern
of 400 TV Lines per
Picture Height (Per cent
of large-area black to

large-area white)9 . . . . 35 60 - § -

uniformity:
Ratio of Shading (Back-—
round) Signal to High=
“Tight Signal o » « w « o - 0.12 0.15
variation of Highlight
Signal (Per cent of
max imum_highlight
signal) . s v o & & w.s - 20 25 %

a The maximum ratings in the tabulated dataare established
in accordance with the following definitionof'the 4bso-
lute-Maximum Rating System for rating electron devices.
Absolute-Maximum ratings are limiting values of operating
and environmental conditions aaf\icabie to any electron
dev.iice 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 the effects of changes in operating
conditions 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 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 pDynode voltage values are shown under Typical Operating
Values.

¢ Normal setting of target voltage is +2 voits from tar—
get cutoff. The target supply voltage should bpe ad-
Justable from =3 to +5 volits. ;

d Adjust to give the most uniformiy shaded picture near
max imum signal.

e Direction of current should be such that a north=seex-—
ing pole is attracted to the image end of the focusing
coll, with indicator located outside of and at the
image end of the focusing coil.

f with 5820-A operated inproperly adjusted RCA TK-31 camera.
g Measured with amplifier having flat frequency response.
h variation of response over scanned area.

INTERCHANGEABILITY

The 5820-A is directly interchangeable with
the 5820 in all existing cameras. The informa-
tion shown on the following pages under Set-[p
Procedure, Operating Considerations, Camera-
Design Considerations, and Principles of Opera-
tion is identical with that recommended for
the 5820.

SET-UP PROCEDURE

The set-up procedure for operating the5820-A
is as follows: After the tube has been inserted
in its sockets and the voitages applied as indi-
cated under Typical Operation, allow it to warm
up for | /4 to I/2 hour with the camera lenscapped.

Uncap the lens momentarily while adjusting

the grid-No.| voltage to give a small amount of
beam current. This procedure will prevent the
mesh from being electrostatically pulled into
contact with the glass disc. Make certain that
the deflection circuits are functioning properly
to cause the electron beam to scan the target.

~
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Adjust the deflection circuits so that the beam
will "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 smaller than that used for

on-the-—air operation.
the target results in a smaller-than-normal

picture on the monitor.

With the lens still capped and the target
voltage set at approximately 2 volts negative,
adjust the grid-No.| voltage until noise or a

rough—textured picture of dynode No.| appears on
the monitor. Then adjust the alignment-coil
current so that the small white dynode spot does
not move when the beam-focus control (grid No.4)
is varied, but simply goes in and out of focus.
During alignment 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’

quality and to prevent excessive noise.

Next, uncap the lens and open the lens iris
partialty. Focus the camera on a test pattern,
The target voltage is then advanced until a re-
production of the test pattern is just discern-
ible onthe 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 highlights.

Then adjust the lens to produce best optical
focus, and the voltage on the photocathode as
well 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 center toedge with
the lensiris opened sufficiently topermit opera-
tion with the highlights above the knee of the
light transfer characteristic. The value of
grid-No.5 voltage should be as high as possible
consistent with uniform shading. Grid No.3 fa-
cilitates a more complete collection 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 line 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 line on the monitor. Improper
adjustment of the grid-No.6 voltage control will
result in the straight—lihe pattern being repro-
duced with a slight S-shape.

The above adjustments constitute a rough set-
up of the 5820-A. Final adjustments necessary

Note that overscanning -

for the 5820-A to produce the best possible pic—
ture are as follows: With the lens capped, re-
align thebeam. Beam alignment isnecessary after
each change of the grid-No.5 voltage control
and sometimes after each adjustment of the grid-
No.3 voltage control.

The proper illumination 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 highlights
of the test pattern do not rise as fast as the
low-lights when viewed on a video waveform os-
cilloscope.

Next, cap the lens and adjust the grid-nNo.3
voltage control so that the video signal when
viewed on a video waveform oscilloscope 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 volitage
than that recommended will shorten the life of
the 5820-A. The target-voltage contro| should
not be used as an operating control to match
pictures from two different cameras. Matching
of cameras should be accomplished by control of
the lens iris openings.

Retention of a scene by the 5820-A sometimes
called a "sticking picture", may be experienced
if the 5820-A is allowed 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 will disappear in a few seconds,
but sometimes it may persist for long periods
before it completely disappears. A very persist-—
ent image can generally be removed by focusing
the 5820-A on a clear white screen and allowing
it to operate for a period of time with an illu-
mination of about | footcandle onthe photocathode.

To avoid retention of a scene, it is recom-
mended that the 5820-A always be allowea to warm
up in the camera for 1/4 to 1/2 hour with the
lens iris closed and with a slight amount of
beam current. Never allow the 5820-A to0 remain
focused on a stationary bright scene, anc never
use more illumination than is necessary.

OPERATING CONSIDERATIONS

New 5820-A's should be placed in service im—
mediately upon receipt. They should be operated
for several hoursbefore being set aside as spares.

Spare 5820-A4'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 liberated within the tube during prolonged
storage.

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
picture. Such a spot, especially if it is visi-

ble on the monitor with the camera lens capped,
is probably an ion spot. |f 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 of an image orthicon with an ion spot will
eventually damage the target permanently.

The spectral response of the 5820-A is shown
in Fig.le. )

The operating temperature of any part of the
glass bulb should never exceed 50° C, and nopart
of the bulb at the large end of the tube (target
section) should ever fall below 35° C during
operation. The temperature of the target is es-
sentially the same as that of the adjacent glass
bulb andcan, 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 tempeérature will be characterized by the ap-
pearance of a rapidly disappearing "sticking
picture'" of opposite polarity from the original
when tne picture is moved. Operation at too
high a temperature will cause loss of resolu-
tion and possibly permanent damage to the tube.
Resolution is regained by waiting for the tem-
perature to drop below 45° C. No part of the
bulb should run more than 5° C hotter than the
target 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 5820-A may show fluctua-
tions in performance from time to time. Strict
' observance of the above recommendations with re-
spect to operating temperature will not com-—
pletely eliminate these variations but will
greatly improve the stability of the character-
istics during the life of the tube.

Full-size scanning of the target should al-
ways be used during on-the-air operation. Full-
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 until 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 smaller-
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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‘Fig.z - Spectral Sensitivity Characteristic of Type

5820-A4 which has S-10 Response. Curve is shown for
Equal Values of Radiant Flux at All Wavelengtns.

duces a larger-than-normal picture onthe 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 re-
sult that the underscanned area thenceforth is

visible in the picture when full-size scanning
is restored.

To utilize the resolution capability of the
5820-A in the horizontal direction with the

standard scanning rate of 525 lines, it is nec-
essary to use a video amplifier having a band-
width of at least 6 megacycles.

Even with a wide-band amplifier, the reso-
lution may be limited in the image section by
"cross talk" caused by the scanning fields.
less prevented by proper shielding from extend-
ing into the image section (see Proper Shielding
under Camera-Design Considerations), these fie'!as
will cause the electron image on the target to
move at scanning frequency. As a result, tne
picture will lack definition.

The dynode aperture appears as a small wnite
spot near the center of the image of the dynode
surface. The white spot is most evident when it
falls 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 illuminated, but in dark scenes, the

un-

s

U



effect of dynode aperture is a limiting item on
resolution.,

Dynamic focusing may be employed to give more
uniform focus from center toedge of picture, and
to eliminate dynode pattern or texture in
light portions of a scene. Dynamic focusing is
accomplished by applying to the beam-focus elec—
trode (grid No.4) a voltage with parabolic wave-—
form consisting of mixed horizontal and vertical
scanning frequencies. The peaks ofthe parabolic
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 illumination levels
(see Reference 2). The basic light transfer
characteristic of the 5820-A is shown in Fig.2.
This curve is representative only for small-area
highlights. For larger—-area highiights, 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
film. When related to photographic film and
compared at shutter speeds of |/60 second which
is the field rate of the television system, the
5820-A with proper illumination will have' an
equivalent ASA exposure index of 8000. This
equivalent film-speed rating can be used in con-
junction with a photographic exposure meter to
determine the approximate light level or lens-
stop setting necessary for operating the 5820-A.

"The illumination on the photocathode of the
5820-A inrelation to the scene illumination, can
be determined by the following relationship:

4f2 I (m+ 12

Ly =
TR

where
I, = scene illumination in footcandles
f = f-number of lens
Ipc = photocathode illumination in footcandles
m = linear magnification from scene to target
T = total transmission of lens
R = reflectance of principal subject in scene

Except for very close shots, the linear magni-
fication (m) from scene totarget may beneglected.

For example, assume that the lens is f:l|
having atransmission (T) of 80%, that the photo-
cathode illumination is 0.020 footcandle, and
that the scene to be televised has a highlight
reflectance (R) of 75%.

Then,

4 x 11?2 x 0.020
Is = = |6 footcandles’

0.8 x 0.75

low— .
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Fig.2 - Basic Light Transfer Characteristic
of Type 5820-4A.

The exact iliumination for each 5820-A as
finally set up on the scene should be determined
by observing the video waveform on an oscillo-
scope. First adjust the lens setting of each
camera to that. level of light necessary to reach
the knee of the light transfer characteristic.
The camera lens is then normally set to bring
picture highlights one stop above the knee of

the transfer characteristic.

For very high illumination 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 highlight illumi-
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 filter selected to give the required re-
duction inillumination is recommended. Ordinari-
ly, two filters—one having 0% transmission and
the other20%—will give sufficient choice. Sucnh
filters with lens-adapter rings can be octained
at photographic-supply stores.

The low illumination level needed on the
photocathode of the 5820-A makes it necessary
that no stray light from without or within the
camera falls on the face of the tube.

CAMERA-DESIGN CONSIDERATIONS

The 5820-A has two complementary guides for
inserting the tube correctly inthe annular sock-

et, i.e., the large pin (No.7) on the annular
base, and the white radial line on the face of
the bulb. The annular socket should be posi-

tioned so that the key pin (No.7) of the annular
base is in a vertical plane through the common
axis of the deflecting—coil assembly and the
focusing coil assembly, and is at the bottom of
the pin circle of the annular base.

The 5820-A is installed by inserting the
diheptal-base end of the tube through the coil
assembly and then turning the tube until the




annular-base pins, keyed by pin No.7, can be in-
serted in the annular socket.
aligns the white radial ‘line on the face with
center of the key—pin hole in the annular socket.
The diheptal socket isthen put onthe |4-pin base.

A mask having a diagonal or diameter of 1.8
inches should always be used on the photocathode
to set limits for the maximum size of scan, and
to reduce the amount of light 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 light entering the tele-
vision camera lens. The entire optical system
shou!d have all inside surfaces finished in mat
black to prevent internal reflections fromreach-
ing the photocathode. Under almost all
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 coil directly over the center of the
deflecting coils 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 coil di-
rectly over the image section of the 5820-A.
Additional shielding is provided by fitting the
inside of the focusing coil directly over. the
image section with a copper cylinder having a
iength of approximately 2-1/4" and a wall thick—
ness of 1/32". The Mumetal shieldingeffectively
shunts the field-rate deflection field, while
the copper cylinder shields the higher frequency
line-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 will result in loss of
picture sharpness.

A blanking signal should be supplied 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 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 periods, the full
beam current without video~signal modulation is
returned to the multiplier and its multiplied
output flows through the load resistance. Ex-—
cessive amounts of blanking voltage applied to
the target will impair resolution, since during
retrace the target isout 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
ad justment of voltage on grid No.3 in order to
obtain a uniformly shaded picture. Sawtooth and

Proper insertion -

"previous to the clamp-circuit

con-—.

parabolic waveforms of adjustable amplitude and
polarity at both the vertical- and horizontal-
scanning frequency should be provided for inser-
tion in the video amplifier to aid in ootaining
a flat background. The shading signal should be
introduced in the amplifier after clamping is
performed, since clamping circuits will remove
the vertical-frequency shading component if added
location.

Failure of scanning even for a few minutes
when light is incident on the photocathode may
permanently damage the surface of the target.
The damaged area shows up as a spot or line in
the picture during subsequent operation.

To avoid damaging the 5820-A during scanning
failure, provision should be made to prevent
automatically the scanning beam from reaching
the target. The scanning beam can be prevented
from reaching the target by (1) cutting off the
scanning beam, or (2) making the target suffi-
ciently negative. The scanning beam can be cut
off by a relay which applies —115 to —-125 voits
bias to grid No.l. The target can be made suf-
ficiently negative by a relay which applies a
bias of —10 volts to it. Either relay is actu-
ated by a tube which is controlled by a portion
of the scanning pulse voltage developed across
either the horizontal or the vertical deflecting
coils, or both. It is important to insure tnat
in the event of failure of either the horizontai
scanning pulse or the vertical scanning pulse,
the circuitry should becapable of actuating the
protection relay.

PRINCIPLES OF OPERATION

The 5820-A has three sections—an
tion, ascanning section, and amultiplier section.

image sec—

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 accomplished by means of a magnetic field
produced by an external coil, 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 illuminated area in proportion to the in-
tensity of the light 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 collected 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 limited for all values of
light and stable operation is achieved. Emis—
sjion of the secondaries leaves on the pnoto-
cathode side of the glass a pattern of positive
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velocity electron beam pro-
duced by the electron gun in
the scanning section. This
gun contains a thermionic
cathode, a control grid (grid No.!), 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.

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 multiplier, 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 neutralize 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-
cathcde side. These charges will neutralize each

other by conductivity through the glass in less
than the time of one frame.
Alignment of the beam from the gun is accom—

plished by a transverse magnetic field produced
by an external coil located at the gun end of
the focusing coil.

Deflection of the beam is accomplished by
transverse magnetic fields produced by external
deflecting coils.

The electrons turned back at the target form
the return beam which has been amplitude modula-—
ted by absorption of electrons at the target in
accord with the charge pattern whose more posi-
tive areas correspond to the highlights of the
televised scene.

Multiplier Section

"The return beam is directed to the first
dynode of a five-stage electrostatically focused
multiplier. This utilizes the phenomenon of
secondary emission to amplify 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 more new electrons. Grid No.3
facilitates a more complete collection by dynode
No.2 of the secondaries from dynode No.!l.
multiplying process is repeated in each succes—
sive stage, with an ever-increasing stream of
electrons until those emitted from dynode No.b5
are collected by the anode and constitute the
current utilized in the output circuit.

The -

Fig.3 - Schematic Arrangement of Type 5820-A.

The signal—-to-noise ratio of the output sig-
nal from the 5820-A is 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 signali-to-
noise ratio of the video signal, therefore, is
determined only by the random variations of the
modulated electron beam.

DOS and DON'TS X
on Use of RCA-5820-A

Here are the "dos"—

l. Allow the 5820-A towarm up prior to operation.

2. Hold temperature of the 5820-A within operating
range.

3. Make sure alignment coil isproperly 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 quality and toprevent 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 5320-A on a stationary bright
scene.

6. Don't turn off beam while voltages areapplied
~ to photocathode, grid-No.6, target, dynodes,
and anode during warmup or standby operation.
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Bottom View
DIRECTION OF LIGHT:

PERPENDICULAR TO
LARGE END OF TUBE

\
WHITE INDEX LINE
ON FACE

SMALL-SHELL DIHEPTAL i4-PIN BASE

PIN 1: HEATER
PIN 2: GRID NoO.4
PIN 3: GRID NO.3

PIN 4: INTERNAL CONNEC-
TION—DO NOT USE

5: DYNOCDE No.2
PIN 6: DYNODE NoO.4
PIN 7: ANODE
PIN 8: DYNODE NO.5
9
0

PIN

PIN DYNODE NO.3

PIN 1 DYNODE No.1,
GRID NO.2

PIN 11: INTERNAL CONNEC-
TION—DO NOT USE

PIN 12: GRID NoO.1
PIN 13: CATHODE
PIN 14: HEATER

KEYED .JUMBO AKNULAR 7-PIN BASE

PIN 1: GRID NO.6
PIN 2: PHOTOCATHODE

PIN 3: INTERNAL CONNEC-
TION—DO NOT USE

PIN 4: 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 RCAis 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 grantec by implication or
otherwise under any patent or patent rights of RCA.
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RADIO GORPORATION OF AMERIGA

INTERNATIONAL DIVISION / HARRISON, N. J.
LICENSEE SERVICE

RCA-61598
NEW BEAM POWER TUBE

FULL POWER OUTPUT FROM "IDLING" TO "FULL THROTTLE" is now achieved

to bring new reliability to airborne communications. The 6159B
operates with 26.5 volts on the heater and handles voltage fluc-
tuations over the range of 21 to 3l 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



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

RCA-6159B
BEAM POWER TUBE

3-13/16" Max. Length
1-21/32" Max. Diameter

Octal 8-Pin Base

Small, Sturdy Structure

RCA-6159B is a small,
sturdy, beam power tube having
high efficiency and high power
sensitivity foruse in aircraft,
mobile and stationary equipment.
It is rated as an af power
amplifier and modulator, a
linear rf power amplifier,
and a Class Crfpower amplifier
and oscillator.

The 61598 features a heater designed tooperate
over a voltage range of 24 to 29 volts and which
will take excursions from 21 to 3| volts in battery
operation. The heater design insures dependable
performance in mobile 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 6159B to insure more dependable performance
as a Class AB] linear rf amplifier for single-
sideband suppressed-carrier service. See Test
No.3 of Characteristics Range Values.

Also featured in the design of the 6159B 1is

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 attalned 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, and (4) significant reduction in
effects of ac heater leakage.

Small in size for its power-output capability,
the 6159B 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)

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 6159B is untilaterally 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 . . o ow 60 sec

See Special Performance Data on ﬁage 4 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 wmhos
Mu-Factor, Grid No.2 to Grid No.1l

for plate volts = 200, grid-No.2

volts = 200, and plate ma. = 100 . 4.5
Direct Interelectrode Capacitances (Approx. ):2

Grid No.1l to plate . . 0.24 max. pf

Grid No.l to cathode & grid
No.3 & internal shield,
base sleeve, grid No.2,
and heater . . . e 13 pf

Plate to cathode & grld No 3
& internal shield, base

sleeve, grid No.2, and

heater . . . . . . . . . . . . . 8.5 pf
Mechanical :
Operating Position . . « «“¢ ¢ v « « « w = « . . Any
Maximum Overall Length . . 3 13/16"
Seated Length. . . . 3-1/8"+ 1/8"
Maximum Diameter . e e e 1-21/32"
Bulb . . . . . . . . . ... ... T12
Cap.. . » o & & @ & & 3 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 & MODULATOR - Class AB,
ces ICAS

Maximum Ratings, 4bsolute-Maximum-Values:
DC Plate Voltage. . . 600 max. 750 max. volts
DC Grid-No.2 Voltage. 250 max. 250 max. volts
Max.-Signal DC b

Plate Current-. . . 175 max. 220 max. ma
Max. -Signal

Plate Input™. . . . 90 max. 120 max. watts

Trademark(s) ® Registered 6159B 4-64

Marca(s) Registrada(s) Printed in U.S.A.




6159B

ces IC4S
Max. -Signal b
Grid-No.2 Input . 3 max. 3 max. watts
Plate Dissipation~. . 27 max. 35 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. . . 600 750 volts
DC Grid-No. 2 Voltage®. 200 200 volts
DC Grid-No.1 Voltage:
With fixed-bias
SOUPCEs s « = = % -47 -48 volts
Peak AF‘Grid-No.l-toa
Grid-No.1 Voltage™. 94 96 volts
Zero-Signal DC
Plate Current . . . 48 50 ma
Max. -Signal DC
Plate Current . . . 250 250 ma
Max. -Signal DC
Grid-No.2 Current . 14.8 12.6 ma
Effective Load
Resistance
(Plate to plate). . 5600 7200 ohms
Max. -Signal Driving
Power (Approx.) . . 0 0 watts
Max. -Signal Power
Output (Approx.). . 96 124 watts
Maximum Circuit Values (CCS or ICAS):
Grid-No.1-Circuit Resiétance
under Any Condition:
With fixed bias . . 0.1 max. megohm

With cathode bias . Not recommended

AF POWER AMPLIFIER & MODULATOR - Class AB,

Maximum Ratings, 4bsolute-Maximum Values:

ces ICAS
DC Plate Voltage. . . 600 max. 750 max. volts
DC Grid-No.2 Voltage. 250 max. 250 max. volts
Max.-Signal DC
Plate Current . . . 175 max. 220 max. ma
Max. -Signal b
Plate Input™. . . . 90 max. 120 max.  watts
Max. -Signal b
Grid-No.2 Input™. . 3 max. 3 max.  watts
Plate Dissipationb, . 27 max. 35 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 CCS Operation:
Values are for 2 tubes
DC Plate Voltage. . . 500 600 volts
DC Grid-No. 2 Voltage®. 200 200 volts
DC Grid-No.1l Voltage:
From a fixed-bias
SOUTCE: s & « = & -46 -48 volts
Peak AF Grid-No.1-to-
Grid-No.1 Voltage . 108 106 volts
Zero-Signal DC
Plate Current . . . 50 40 ma
Max.-Signal DC
Plate Current . . . 308 270 ma
Max. -Signal DC
Grid-No.2 Current . 26 21 ma

Max.-Signal DC

Grid-No.1l Current . 2.7 1.3 ma
Effective Load

Resistance

(Plate to plate). . 3620 5200 ohms
Max.-Signal Driving

Power (Approx.)f. . 0.2 0.7 watt
Max.-Signal Power

Output (Approx.). . 100 110 watts

Typical ICAS Operation:
Values are for 2 tubes

DC Plate Voltage. . . 600 750 volts
DC Grid-No.2 Voltage®. 200 150 volts
DC Grid-No.1 Voltage:

From fixed-bias

SOUTCE, . & » + -47 -39 volts

Peak AF Grid-No. L-to-

Grid-No.l Voltage . 114 110 volts
Zero-Signal DC

Plate Current . . . 50 40 ma
Max.-Signal DC

Plate Current . . . 328 294 ma
Max. -Signal DC

Grid-No.2 Current . 26 28 ma
Max.-Signal DC

Grid-No.l Current . 3.4 7.6 ma
Effective Load

Resistance’

(Plate to plate). . 4160 6050 ohms
Max. -Signal Driving

Power (Approx.)f. . 0.2 0.5 watt
Max.-Signal Power

Output (Approx.). . 130 148 watts

Maximum Circuit Values (CCS or ICAS):
Grid-No.1-Circuit Resistance:9

With fixed bias .

With cathode bias . .

30,000 max. ohms
Not recommended

LINEAR RF POWER AMPLIFIER, Class AB;
Single-Sideband Suppressed-Carrier Service

Peak enve lope conditions for asignal having
a minimum peak-to-average power ratio of 2

ces IC4S
Maximum CCS Ratings, 4bsolute-Maximum Values:
DC Plate Voltage. . . 600 max. 750 max. volts
DC Grid-No.2 Voltage. 250 max. 250 max. volts
DC Plate Current at
Peak of Envelope . . 175 max. 220 max. ma
Plate Dissipation . . 27 max. 35 max.  watts
Grid-No.2 Dissipation 3 max. 3 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 with "Two-Tone Modulation":
At 30 Mc
DC Plate Voltage. . . 600 750 volts
DC Grid-No.2 Voltage . 200 200 volts
DC Grid-No. 1 Voltage'. -47 -48 volts
Zero-Signal DC
Plate Current . . . 24 25 ma
Effective RF Load
Resistance. . . . . 2800 3600 ohms
DC Plate Current at
Peak of Envelope. . 125 125 ma
Average DC Plate
CUPTENt & s = & « = 86 86 ma

9.
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ccs ICAS

DC Grid-No.2 Current

at Peak of Envelope. 7.4 6.3 ma
Average DCGrid-No. 2

Current . . . 5.0 3.9 ma
Distortion Products

Level:i

Third order . . . . 24 26 db

Fifth order . . . . 30 31 db
Useful Power Qutput

(Approx. ):

Average . . . . . . 24.5 30.5 watts

Peak envelope . . . 49 61 watts
Maximum Circuit Values:
Grid-No.1l Circuit Resistance

under Any Condition:

With fixed bias . 30,000 max. ohms

PLATE- MODULATED RF POWER AMPLIFIER —
Class C Telephony

Carrier conditions per tube for use with a max.
modulation factor of 1.0; ‘at frequencies up to 60Mc

ces ICAS

Maximum Ratings, 4bsolute-Maximum Values:
DC Plate Voltage. . . 480 max. 600 max. volts
DC Grid-No.2 Voltage. 250 max. 250 max. volts
DC Grid-No.1 Voltage. -150 max. -150 max. volts
DC Plate Current. . . 145 max. 180 max. ma
DC Grid-No.1 Current. 3.5 max. 4.0 max. ma
Plate Input . . . . . 60 max. 85 max. watts
Grid-No.2 Input . . . 2 max. 2 max.  watts
Plate Dissipation . . 18 max. 23 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:
DC Plate Voltage. . . 475 600 volts
DC Grid-No. 2 VoltageJ. 165 175 volts
DC Grid-No. 1 VoltageK. -86 -92 volts

From a grid

resistor of . 26,000 27,000 ohms
Peak RF Grid-No.1

Voltage . . . < s 106 114 volts
DC Plate Current 5 125 140 ma
DC Grid-No.2 Current. 8.5 9.5 ma
DC Grid-No.1 Current

(Approx.) . . . : 3.3 3.4 ma
Driving Power

(Approx.) . . . . . 0.4 0.5 watt
Power Qutput

{Approx..) « = s & s 42 62 watts
Maximum Circuit Values (CCS or ICAS):
Grid-No.1-Circuit Resistance” 30,000 max. ohms

RF POWER AMPLIFIER & OSC. — Class C Telegraphy

and
RF POWER AMPLIFIER — Class C FM Telephony
ces ICAS
Maximum Ratings, 4bsolute-Maximum Values up to 60 Mc:
DC Plate Voltage. . . 600 max. 750 max.  volts
DC Grid-No.2 Voltage. 250 max. 250 max. volts
DC Grid-No.1l Voltage. -150 max. -150 max. volts
DC Plate Current. . . 175 max. 220 max. ma
DC Grid-No.1l Current. 3.5 max. 4.0 max. ma

ces ICAS

Plate Input . 90 max. 120 max. watts
Grid-No.2 Input . 3 max. 3 max. watts
Plate Dissipation . 27 max. 35 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 as Amplifier up to 60 Mc:
DC Plate Voltage. . . 600 750 volts
DC Grid-No. 2 Voltage! . 200 200 volts
DC Grid-No.1 Voltage™. -70 =77 volts

From a grid-No.1

resistor of & 24,000 28,000 ohms
Peak RF Grid-No.1

Voltage . . . ¢ @ 90 95 volts
DC Plate Current 2 W 150 160 ma
DC Grid-No.2 Current. 10 10 ma
DC Grid-No.1 Current

(Approx.) . . . < 2.8 2.7 ma
Driving Power

(Approx«) « ¢« » = = 0.3 0.3 watt
Power Qutput

(Appro%.) « . < = & 63 85 watts
Typical Operation as Amplifier at 175 Mc:
DC Plate Voltage. . . 320 400 435 volts
DC Grid-No. 2 Voltagel . 210 220 230 volts
DC Grid-No. 1 Voltage™. -52 -55 -56 volts

From a grid

resistor of . 26,000 30,000 24,000 ohms
Peak RF Grid-No.1

Voltage . . . ® 65 67 73 volts
DC Plate Current " 170 180 210 ma
DC Grid-No.2 Current. 12 12 11 ma
DC Grid-No.1l Current

(Approx.) . . . 2 2 1.9 2.3 ma
Driving Power

(Approx.) « = = s @ 2 2 3 watts
Power Qutput

(Approx.) . . . . . 29 40 50 watts
Maximum Circuit Values (CCS or ICAS):
Grid-No.1-Circuit Resistance” 30,000 max. ohms

CHARACTERISTICS RANGE VALUES

Note Min. Max.
1. Direct Interelectrode
Capacitances:
Grid No.l to plate . . . . 1 -
Grid No.l to cathode &
grid No.3 & internal
shield, base sleeve,
grid No. 2, and heater. . 1
Plate to cathode & grid
No.3 & internal shield,
base sleeve, grid No.2,

and heater . 1 .3 9.5 pf

2. Plate Current. . 2 46 94 ma

3. Zero-Bias Plate Current 3 330 - ma

4. Grid-No.2 Current. 2 - 5.8 ma
Note 1: With no external shield.

Note 2: With heater voltage of 26.5 volts, dc plate

voltage of 400 volts, dc gr1d No. 2 voltage of

200 volts, and dc grid- No.1 voltage of -34 volts.

Note 3: With heater voltage of 26.5 volts, dc plate

voltage of 100 volts, dc grld -No. 2 voltage of
200 volts, and dc grid- No.1 voltage of -100 volts.
Grid No.1 is square-wave pulsed at 1000 kc to
zero volts. Limit value ispeak-pulse current.
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SPECIAL PERFORMANCE DATA ON HEATER OPERATION

Stationary Equipment Operation:

Design
Min. Center Max.

Heater, for Unipotential

Cathode:

Voltage (AC or DC)2. - 26.5 - volts

Current at 26.5 volts 0.28 - 0.32 amp
Useful Power Outputb . 59 - - watts

2 |t is recommended that the design-center heater vol tage
be 26.5 volts; the heater power supply should not
fluctuate more than 10% to insure long life.

In a single-tube, self-excited oscillator circuit,
and with ac heater voltage of 26.5 volts, dc plate
voltage of 600 volts, dc grid-No.2 voltage of 200
volts, grid-No.1 resistor of 24,000 + 10% ohms, dc
plate current of 150 max. ma., dc grid-No.1 current
of 2.5 to 3 ma., and frequency of 15 Mc.

Mobile Equipment Operation:

Design
Min. Range Max.

Heater, for Unipotential

Cathode:

Voltage (AC or bc)d. - 24 to 29 - volts

Current at 26.5 volts 0.28 - 0.32 amp
Useful Power Qutput 1b. 59 - - watts
Useful Power Qutput II. See Note ¢

Overvoltage Heater Life Tests:

Continuous heater 1ife tests areperformed periodically
on sample lots of tubes with 31 volts on the heater, all
other electrodes "floating". Intermittent heater life
tests areperformed periodically onsample 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 1ife test andafter 48 hours of the intermittent
heater 1ife test, the following tests are performed:

With heater voltage of 26.5 volts and + 100 dc volts
between cathode and heater, the heater-cathode leakage
current will not exceed 150 microamperes.

With ac or dc heater voltage of 26.5 volts, grid-
No.1 volts = -200 and cathode, grid No.2, and plate
grounded, the minimum grid-No.1 leakage resistance
will be 10 megohms.

With ac or dc 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.

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 Output Iest II and Overvoltage Tests.

In a single-tube, self-excited oscillator circuit,
and with ac heater voltage of 26.5 volts, dc plate
voltage of 600 volts, dc grid-No.2 voltage of 200
volts, grid-No.1 resistor of 24,000 + 10% ohms, dc
plate current of 150 max. ma., dc grid-No.1 current
of 2.5 to 3 ma., and frequency of 15 Mc.

With conditions in noteb 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.

- 4-
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With no external shield.

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.

The driver stage should be capable of supplying the
No.l grids of the class AB] stage with the specified
driving voltage at low distortion.

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.

Driver stage should be capable of supplying the
specified driving power at low distortion to the
No.1l grids of the ABy stage.

To minimize distortion, the effective resistance per
grid-No.1 circuit of the ABy stage should be held at
a lowvalue. For this purpose the use of transformer
coupling is recommended. In no case, however, should
the total dc 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 dc grid-No.l-circuit resistance may be as high

as 100,000 ohms.

Obtained preferably from a separate, well-regulated
source.

two tones and without the
linearity.

Referenced to either of the
use of feedback to enhance

Obtained preferably from a separate source modulated
with the plate supply, or from the modulated plate
supply through a series resistor.

Obtained from grid-No.l resistor or from a combina-
tion of grid-No.l resistor with either fixed supply
or cathode resistor.

Obtained preferably from separate source, or from
the plate-supply voltage with a voltage divider, or
through a series resistor. A seriesgrid-No.2 resistor
should beused only when the tube is used in a circuit
which isnot keyed. Grid-No.2 voltage must not exceed
435 volts under key-up conditions.

Obtained from fixed supply, by grid-No.l resistor, by
cathode resistor, or by combination methods.

When grid No.l is driven positive and the tube is
operated at maximum ratings, the total dc grid-No.1-
circuit resistance shoulg 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 operation at less than maximum ratings,
the dc grid-No. l-circuit resistance may be as high as

100,000 ohms.

DEFINITIONS

AB| - The subscript 1 indicates that grid-No.l current
does not flow during any part of the input cycle.

ABp - 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 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 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, environmentai conditions, and varia-
tion in device characteristics.

Two-Tone Modulation = 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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Fig. 1A

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 paint, such as Tempilaq.
The latter is made by the Tempil Corporation,
132 W. 22nd Street, New York 11, N.Y.

TYPICAL PLATE CHARACTERISTICS
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Fig. 2

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 6159B 1is
operated at full ratings under either OCS or ICAS
conditions.

MECHANICAL CONSIDERATIONS

Plate Circuit

Heavy leads and conductors together with
suitable insulation should be used in all partsof
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 6159B is

4



6159B

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.

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 dcmilliammeter should be used in
the grid-No.2 circuit so that its current may be
measured and the dc 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 6159B under no-load conditions in order
to prevent exceeding the grid-No.2 input rating
of the tube.

Driver

The driver stage for the 6159B 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.1l 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 efficiency in high-frequency
service, and therefore maximum power output, will

be obtained when the 6159B is operated under load




6159B

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 vol tage 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 1in 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-
tion, the heater voltage may be maintained at nor-
mal operating value for most applications.

DIMENSIONAL OUTLINE

9

p— IE MAX,—>
DIA. \,
CAP  — |
JEDEC No.CI-I
M 3l
+1 13
MAX.
BASE —>
JEDEC GROUP |
No. BOBR-|5O P —T
No.B8-159 ”Il
‘—l§%MAXw—’
DIA.
D IMENSIONS IN INCHES 92CS-12249RI

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 overheatingof 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 dc 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 dc grid-No.2 current reaches a value slightly
higher than normal.

Precautions

The ratedplate 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
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 tobreak 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

7CK
PIN 1: CATHODE, GRID No.3, PIN 5: GRID No.1
INTERNAL SHIELD PIN 6: SAME AS PIN 1
PIN 2: HEATER PIN 7: HEATER
PIN 3z €RID Ne.2 PIN 8: BASE SLEEVE
PIN 4: SAME AS PIN 1 SiBr PLATE

W
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RADIO CORPORATION OF AMERICA
RCA INTERNATIONAL DIVISION

HARRISON, NEW JERSEY

LICENSEE SERVICE @

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,
7/

R, F. SIMOKAT
Licensee Service
RFS:vs



6166-A/7007

BEAM POWER TUBE

Ceramic-Metal Seals
Thoriated-Tungsten Filament
Coaxial Electrode Structure

For Use with Full Ratings Up to 220 Mc
Forced-Air Cooled
12 Kw Plate Dissipation

11.50" Max. Length
6.38" Max. Diameter
Integral Radiator

RCA-6166-A/7007 is a forced—air cooled beam
power tube designed for vhf service
and cw applications.

in television
It has a maximumplate dissi-

12 kilowatts
and can be used with full

pation of
vice,

in cw and television ser—
ratings up to
220 megacycles per second.

The 6166—A/7007 features a coaxial-electrode
structure,
area,

which provides low-inductance,

rf electrode terminals.

large
The respective
electrode terminals are insulated from each other
by low-loss ceramic bushings.
structure with its ring-type ceramic-metal seals
having graduated diameters makes the 6166—-A/7007
particularly useful
circuits.

This coaxial

in coaxial-cylinder cavity
An efficient external radiator provides
for plate cooling by means of forced air.

Trademark(s) ® Registered
Marca(s) Registrada(s)

ELECTRON TUBE DIVISION

RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY

The 6166—A/7007 can deliver a synchronizing-
level power output of 14 kilowatts
television service at 216 Mc;

in broad-band
a carrier power
output of 6 kilowatts in plate-modulated telephony
grid-drive circuits
operating at 60 Mc; and a power output of |2
kilowatts

service using conventional

in class C telegraphy service using
grid-drive circuits operating at 216 Mc.

GENERAL DATA
Electrical:
Filament, Multistrand Thoriated Tungsten:

Voltage, (ACor0C)*. . . ... ..... 5.0%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.1
for plate volts = 2000, grid-No.2
volts = 1000, and plate amp. = 2. . . . . 10
Direct Interelectrode Capacitances:
Grid No.1 to plate®™. . . . .. ... .. 0.6 max. gt
Grid No.1 to filament . . « + « « « . . . 42 puf
Plate to filament™ . . . . . . ... .. 0.08 max. wuf
Grid No.1 %o grid Nos2. « s & « o s ts e i 60 puf
Grid No.2 to plate. . . . . & A G 24 puf
Mechanical:
Operating Position. . . . . . Vertical, filament end up or down
Maximum Overall Length. . . . . . . P 11.50*
Maximim Diameters « o o o 5 s o o o 5.5 5 s » ¥ & ® & @ = 0:38%
Terminal Connections. . . . . . .+ . « See Dimensional Outline
RAATELOr: = & & 5 v & i s sl 3 & 5 » . . . Integral part of tube
Air Flow:

Through Radiator—The specified flow of incoming air at
a temperature of 450 C for various plate dlsslpations,
as indicated inthe 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 radjator at its plate-terminal end (see Dimensional
Outline). Filament power, platepower, 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-No.2 Terminal . . « « ¢« « o o & 50 min. cfm
To Grid-No.1 Terminal
and Filament Terminals. . . . . . . . . 50 min. cfm
Incoming—Air Temperature. . . . . . . . . . 50 max. o¢c
Radiator Temperature (Measured on the
core at end away from incoming air) 180 max. %
Terminal Temperature:
Filement, grid No.1, grid No.2,
and plate < s s o 4 5 & e e e e e . . 180 max. o¢
Weight (Approx.). . . . . . . . 5 oo 15 pounds

6166-A/7007 9-60
Printed in U.S.A.



RF POWER AMPLIFIER — Class B Television Service

Synchronizing-level conditions per tube
unless otherwise specified
(Voltages are referred to cathode unless otherwise specified)

Maximum CCS® Ratings, 4bsolute-Maximum Values:

Up to 220 Mc
DC PLATE VOLTAGE « « « « o o &« ¢ « & . 7500 max. Vvolts
DC GRID-NO.2 VOLTAGE « « « « « &« &« & & o & 2000 max. volts
DC PLATE CURRENT & v & & ¢ o o o o o o & & 4 max. amp
PLATE INPUT. ¢ & ¢ ¢ o o o o ¢ o & &« 24000 max. watts
GRID-NO.2 INPUT. . « .« .« . I P 400 max. watts
PLATE DISSIPATION. « & & & o« & & o & & & 12000 max. watts
GRID-NO.1 DISSIPATION. « ¢ « « o o & o & & 300 max. watts

Typical Operation in Grid-Drive Circuit at 216 Mc:
A
Bandwidth of8.5 Mc

DC Plate Voltage . « « « ¢ ¢ ¢ ¢ ¢ ¢ o & 5800 volts
DC Grid-No.2 Voltage . . . . . . 1200 volts
DC Grid-No.1 Voltage « « « &« « + « & Vs -130 volts
Peak RF Grid-No.1 Voltage:

Synchronizing level. . . « « « v o v o & 375 volts

Pedestal level . . . . . . . . TR R 290 volts
DC Plate Current:

Synchronizing level. . .« . « + « « « 3.45 amp

Pedestal level . . . . . . . . TR 2.60 amp
DC Grid-No.2 Current (Pedestal Level). . 0.207 amp
DC Grid—No.1 Current (Approx.):

Synchronizing level. . . . . « « « « . . 0.175 amp

Pedestal level . o« 8w s e e 8 e e s s 0.085 amp
Driver Power Output (Approx.):§

Synchronizing level. . « v v v ¢ v v o & 800¥ watts

Pedestal Tevel . « v v v v v v v 4 P 450 watts
useful Power Output (Approx.):

Synchronizing level. « « « « « « & & ‘. 12000 watts

Pedestal level . . « « ¢ « ¢« ¢ o ¢ o « & 6800 watts

Typical Operation in Cathode-Drive Circuit at 216 Mc:
BandwidthA0f 8.5 Mc

DC Plate-to-Grid-No.1 Voltage. . . . . . . 6100 volts
DC Grid-No.2-to-Grid-No.1 Voltage. . . . . 800 volts
DC Cathode-to-Grid-No.1 Voltage. . . . . . 90 volts
Peak RF Cathode-to-Grid-No.1 Voltage:

synchronizing level. . « « « « « & © . 360 volts

Pedestal level . . « ¢« ¢ v ¢ ¢ o ¢« o o & 285 volts
DC Plate Current:

Synchronizing level. . « + « « « « « « 3.65 amp

Pedestal level . . . . v ¢ ¢ v v o v o & 2.75 amp
DC Grid-No.2 Current (Pedestal Level). 0.175 amp
DC Grid-No.1 Current (Approx.):

Synchronizing level. . . . . . . . «®® 0.240 amp

Pedestal level . . . . . . . . . . 0.160 amp
Driver Power Output (Approx )k

Synchronizing level. . . . « . « . Ce 1500## watts

Pedestal level . . . . ¢« ¢« ¢ ¢ ¢ ¢« o o & 850 watts
useful Power output (Approx.):

Synchronizing level. . . « « « ¢« « « « 14000 watts

Pedestal level . ¢« « v ¢ ¢ o ¢ ¢ o o o 7900 watts

GRID-MODULATED RF POWER AMPLIFIER —
Class C Television Service

Synchronizing-level conditions per tube unless otherwise specified
Max imum CCS® Ratings, 4bsolute-Maximum Values:T

Up to 220 Mc

DC PLATE VOLTAGE . . . . . . R ER 7500 max. volts
DC GRID-NO.2 VOLTAGE « + « « ¢ v &« « o o & 2000 max. volts
DC GRID-No.1 VOLTAGE

(white level). « « « v v « « « & « « . . —1000 max. volts
DC PLATE CURRENT « « ¢ ¢ ¢ ¢ ¢ o o o o o o 4 max. amp
PLATE INPUT: « & o o o . + + s o s s . 24000 max. watts
GRID-No.2 INPUT. . S e . 400 max. watts
PLATE DISSIPATION. « « « « « « = « « « . . 12000 max. watts
GRID-NO.1 DISSIPATION. . + « & &« ¢« o & o« & 300 max. watts

Typical Operation in Grid-Drive Circuit at 216 Mc:
Bandwidth* of 8.5 Mc

DC Plate Voltage . . . . 5800 volts
DC Grid-No.2 Voltage . . 1200 volts
DC Grid-No.1 Voltage:

Synchronizing level. . . . . . . . -130 volts

Pedestal level . . . . . . . . -195 volts

White Tevel. + « v v v v v v o . . . . =350 volts
Peak RF Grid-No.1 Voltage. . . . . . . . 0 375 volts
DC Plate Current:

Synchronizing level. . . . 3.45 amp

Pedestal level . + « v & « v 4 4« . 2.42 amp
DC Grid-No.2 Current (Pedestal level). 0.148 amp
DC Grid—No.1 Current (Approx.):

Synchronizing level. . « « v « « « o « . 0.175 amp

Pedestal level . . « « « « « « & 0.095 amp
Driver Power Output (Approx )

Synchronizing level. e e e 800% watts

Pedestal level . . « v ¢« ¢ v ¢ o o o & = 425 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, 4bsolute-Maximum Talues:
Up to 220 Mc

DC PLATE VOLTAGE . . E 7500 max. volts
DC GRID-No.2 VOLTAGE . . o ¥ v 5w 2000 max. volts
MAX.—SIGNAL DC PLATE CURRENT . . . . . . . 2.8 max. amp
MAX.—SIGNAL DC GRID-No.1 CURRENT . . . . . 0.6 max. amp
MAX.—SIGNAL PLATE INPUT. .. 20000 max. watts
MAX.—SIGNAL GRID-No.2 INPUT. . . . . . . . 400 max. watts
PLATE DISSIPATION. . 12000 max. watts

Typical CCS Class ABy "Single-Tone" Operation at 60 Mc:.I

DC Plate Voltage . 7000 volts
DC Grid-No.2 Voltage . 1200 volts
DC Grid—No.1 VoltageS. —125  volts
Zero—Signal DC Plate Current . 0.200 amp

Zero-Signal DC Grid-No.2 Current . 0 amp

Effective RF Load Resistance . 1350 ohms
Max.—Signal DC Plate Current . . 2.750 amp
Max.—Signal DC Grid-No.2 Current . 0.260 amp
Max.—Signal DC Grid-No.1 Current . 0.080 amp
Max.—Signal Peak RF

Grid-No.1 Voltage. . . . . . . . 305 volts
Max.—Signal Driving Power (Approx.) 25 watts
Max.-Signal Power Output (Approx.). 12000 watts

PLATE-MODULATED RF POWER AMP. — Class C Telephony

Carrier conditions per tube for use with
a maximum modulation factor of 1.0

Maximum CCS® Ratings, 4bsolute-Maximum Values:+

Up to 220 Mc
DC PLATE VOLTAGE . 5500 max. volts
DC GRID-No.2 VOLTAGE . 2000 max. volts
DC GRID-NO.1 VOLTAGE . . . « « « « o o . & —1000 max. volts
DC PLATE CURRENT « « « « & o o o o o » o 2 max. amp
DC GRID-No.1 CURRENT . . . . . . . « « . . 0.6 max. amp
PLATE INPUT. . I R T 10000 max. watts
GRID-NO.2 INPUT. « « & v ¢« v v v v v o o & 270 max. watts
PLATE DISSIPATION. 8000 max. watts
Typical Operation in Grid-Drive Circuit:

At 60 Mc

DC Plate voltage . TR ER 4800 volts
DC Grid—No.2 Voltage (Modulated 100%)é . . 800 volts
DC Grid-No.1 VoltageX. -300 volts



Peak RF Grid-No.1 Voltage. . . . . . . 550 volts
DC Plate Gurrent < « « v o o o » & @ % 18 amp
DC Grid-No.2 Current . . . . . . 0. 160 amp
DC Grid-No.1 Current (Approx.‘ ; 0.180 amp
Driver Power Output (Approx.) 125“ watts
Useful Power Output (Approx.). 6000 watts

RF POWER AMPLIFIER & 0SC. — Class C Telegraphy”
and
RF POWER AMPLIFIER — Class C FM Telephony

Maximum CCS® Ratings, Absolute-Maximum Talues:

Up to 220 Mc
DC PLATE VOLTAGE = % & &« & & 7500 max. volts
DC GRID-NOo.2 VOLTAGE . . . . . . . 2000 max. volts
DC GRID-No.1 VOLTAGE . . . . . . . . . —1000 max. volts
DG PLATE CURRENT = 5 & & « & @« 55 & & % 3.0 max. amp
DC GRID—-No.1 CURRENT . . . . 0.6 max. amp
PLATE INPUT: s 5 & & s s 5 5 & & o 20000 max. watts
GRID=NO.2 INPUT: = « v 4 o o 5 & 5 = o 5 & 400 max. watts
PLATE DISSIPATION. ¢« « & ¢ o ¢ ¢ ¢ o « @« & 12000 max. watts
Typical Operation in Grid-Drive Circuit:
At 60 Mc At 216 Mc

DC Plate Voltage . . . . . . . . 6600 7000 volts
DC Grid-No.2 Voltage®® . . . . . . 1200 1200 volts
DC Grid—No.1 Voltage®® . . . . . . -310 -310 volts
Peak RF Grid-No.1 Voltage. . . . . 560 560 volts
DC Plate Current « « « « s = s & & 2.75 2.75 amp
DC Grid-No.2 Current . . . . . . . . 0.300 0.300 amp
DC Grid-No.1 Current (Approx.) . . 0.140 0.140 amp
Driver Power Output (Approx.)§ . . 9544 7502 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.1 to plate . . . . . . 2 - 0.60 puf

Grid No.1 to filament. . . 3 39 u7 ot

Grid No.1 to grid No.2 . . 3 52 6U ppf

Grid No.2 to plate . . . « « « « . . 3 21.2 25.8 puf

Plate to f17lament. + « o % < o 3 & @ 2 - 0.08 ppf
DC Grid-No.1 Voltage . . . . . . .. . 1,4 - -225 volts
Peak Grid-No.1 Current . . . . . . . . 1,5 - 1.5 amp
Peak Grid-No.1 Voltage . . . . . .. . 1,5 - 315 volts

Note 1: With 5.0 volts ac or dc 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.
A11 other electrodes are grounded.

Note 3: Without shield and all other electrodes grounded.

Note u4: With dc plate voltage of 6000 volts, dc grid-No.2
voltage of 1200 volts, and dc plate current of 20 ma.

Note 5: With dc plate voltage of 1500 volts, dc grid-No.2
voltage of 1200 volts, and instantaneous grid-
No.1 voltage adjusted to give peak plate current
of 11 amp.

x

Full rated filament voltage can be applied safely to
the cold filament. It is not necessary to provide
means for limiting the filament 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 ratings in the tabulated data are established
in accordance with the following definition of the 4bso-
lute-Maximum Rating System for rating electron devices.

xx

Absolute-Maximum ratin%s 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 the effects of changes in operating
conditions due tovariations in device characteristics.

The equipment manufacturer should design so that
initially and throughout 1ife 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.

Computed between half-power points and based on tube
output capacitance only.

’ 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 the
indicated value to take care of variations in line-
voltages, in components, ininitial tube characteristics,
and in tube characteristics during life.

# 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. Thedriver stage should be designed as indicated
under (€)~

##

This value includes 470 watts of rf circuit loss at
216 Mc and 1030 watts added to plate circuit.

"Single-Tone Modulation" operation refers to that class
of amplifier service in which the grid-No.1 input
consists of a monofrequency rf signal having constant
amplitude. This signal isproduced in a single-sideband
suppressed—carrier system when asingle audio frequency
of constant amplitude is applied 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 365-ohm
grid—-No.1 resistor and —-170-volt fixed bias.

This value includes 25 watts of rf circuit loss.

Key—down conditions per tube without amplitude
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 with a voltage divider, or
through a series resistor. A series grid-No.2 resistor
should not be used if the 6166—A/7007 or apreceding 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.1 bias must be provided
to 1imit the plate current.

Obtained from fixed supply, by grid-No.1 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.

[ 2}
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HANDLING and OPERATING CONSIDERATIONS

Avoid bumping this tube. Due to its large
mass, bumping this tube will introduce resultant
stresses which may cause internal damage.

The 6166-A/7007 should be stored inits ship-
ping container and should be protected from mois-—
ture and extreme temperature changes. The pre-
ferred storage positionof this tube is vertical.

The inner carton in which this tube is
packed isnot a shock-resisting container. There-
fore, it is necessary to handle the tube in its
inner carton with the same precautions as for
the unpacked tube.



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 adjust the equipment for operation under heavy
plate loading conditions andwith 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, especially at the upper end of the
VHF range, may produce excessively high seal
temperature and resultant damage to this tube.

The mounting for the 6166—A/7007 should support
the entire weight of the tube by the plate term-
inal. The mounting should bedesigned in accord-—
ance with the information shown on the Gauge
Drawing on page |2. Flexible connectors of the
spring—-contact type are required for the grid-No.2
terminal and grid-No.| terminal, and are recom-
mended for the plate terminal. Two connectors
are required forthe filament 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
slight rocking, upward action to release the
spring-contact fingers. Be sure to lift the
tube straight out of itsmounting and sufficiently
high to prevent bumping the filament terminals
against the edge of the mounting.

Cooling of the 6166—A/7007 is accomplished by |
passing a streamofclean airthrough the radiator
toward the end with the handles and by directing
a stream of air onto the filament seals, grid-No. |
terminal, and grid-No.2 terminal.

A suitable air filter is required in the air
supply for the radiator. Care should begiven to
cleaning or replacing the filter at intervals in
order that accumulated dirt will 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 cooling requirements of the tube as a plate-
modulated rf power amplifier, it should be
remembered that 100% sine-wave modulation causes
a B0% increase in the plate dissipation above
that under carrier conditions. Allowance for
pressure drop inair filters, duct work, louvres,
etc., should be made in selecting a blower to
furnish the required air flow.

The cooling system should be properly in-
stalled to insure safe operationof the tube under
all conditions and for this reason should be elec—
trically interconnectedwith the filament and plate

This arrangement is necessary
to make sure that the tube is supplied with air
before any voltages are applied. Air-flow inter—
locks which open the power transformer primaries
are desirable for protecting the tube when the
air flow is insufficient or ceases.

power supplies.
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Fig.1-Cooling Requirements of Type 6166-A4/%007.

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 onthe core at
the end away from the incoming air. The temper—
ature may be measured eitherwitha thermocouple
or with temperature-sensitive paint such as Temp-

ilag. The latter is made by the Tempil Corpora-
tion, 132 W. 22nd St., New York Il, N.Y., in the
form of liquid and stick.

Similarly, the maximum terminal temperature
of 180° C is to be observed inthe same manner as
for other ratings.



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 + 5%, and
must be allowed toreach normal operating temper—
ature before plate and grid-No.2 voltages are

applied. The minimum heating time is |5 seconds.
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Fig.2 — Average Plate Characteristics
of Type 6166-4/%700%.

Full rated filament voltage can be applied safely to
the cold filament. It is not necessary to provide
means for limiting the filament starting current.

During long or frequent standby periods, the
6166—-A/7007 may be operated at decreased filament
voltage to conserve life. |t isrecommended that
the filament voltage be reduced to 80 per cent of
normal during standby periods up to 2 hours; for
longer periods, the filament power should be
turned off.

Overheating of the 6166—A/7007 by severe over—
load may decrease the filament emission. The

filament activity can sometimes be restored by
operating the filament at 5 volts for |0 minutes or
more with no voltage on the other electrodes. This
process may be accelerated by raising the filament
voltage to 6 volts (not higher) fora few minutes.
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Fig.3 - Average Characteristics of Type 6166-4/700%.
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Fig.4 - Average Characteristics of Type 6166-4/7007.

Grid-No.2 voltage should be obtained from a
source of good regulation. The plate voltage
should be applied before or simultaneously with
the grid-No.2 voltage; otherwise, with voltage
on grid-No.2 only, itscurrent may be large enough
to cause excessive grid-No.2 dissipation. A dc
milliammeter should be used inthe grid-No.2 cir-
cuit sothat itscurrent may be measured and thedc
power input determined.

The grid-No.2 current is avery sensitive indi-
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,



care should be taken when tuning the 6166—A/7007
circuit under no-load conditions to prevent
exceeding the grid-No.2 input rating ofthe tube.

The plate circuit should be provided with a
t ime-delay relaywhich will prevent theapplication
of plate voltage before the filament has reached
normal operating temperature.

required for operation of the relay and circuit
breakers should beabout 1/10 second and not more
than | /6 second.

A protective device in the grid-No.2 supply
lead should remove thegrid-No.2 voltage when the
dc grid-No.2 current reaches a value slightly
higher than normal.
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Fig.5 - Average Constant-Current Characteristics
of Type 6166-4/700%.

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 flowand resultant overheating ofthe tube,
the common ground lead of the plate circuit
should be connected inseries with the coil of an
instantaneous overload relay. This relay should
be adjusted to open the circuit breakers in the
primary of the rectifier transformer at slightly
higher than normal plate current. The time

Fig. 6 - Average Constant-Current Characteristics
of Type 6166-4/700%.

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 itsassociated apparatus, especially
all parts which may be at high potential above
ground, should be housed ina protective enclosure.
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 supplies when any gate ordoor on
the protective housing is opened, and should
prevent the closing of this primary circuit until
the door is again locked.

In class Btelevision service, the 6166—-A/7007
should be supplied with grid-No.| bias in grid-
drive circuits, or cathode-to-grid-No.|l bias in
cathode-drive circuits, from a source of dc
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 dc source having good regulation.

In class Ctelevision service, the 6166-A/7007
is suppliedwith unmodulated rf grid-No.l voltage
and with a video-modulated dc grid-No.| voltage.
The grid-No.| and grid-No.2 voltages should be
obtained from well-regulated dc voltage sources.

In single-sideband suppressed-carrier ser—
vice, the grid-No.2 voltage should be obtained
from a well-regulated dc voltage source. In AB,
operation both the grid-No.! and grid No.2 volt-
ages should be obtained from well-regulated dc
voltage sources. Furthermore, in AB; operation
of the 6166—-A/7007, linearity will be assured only
by awell-regulated driver. An adequate swamping
resistor in the grid-No.| circuit of the 6166-A/
7007 will maintain gooddriver regulationby offer~
ing a load to the driver that is modified only
slightly 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 supplied with
bias froma grid-No.| resistor, or from a suitable
combination of grid-No.| resistor and fixed supply
or grid-No.l resistor and cathode resistor. The
cathode resistor should be bypassed for both audio
and radio frequencies. The combination method of
grid-No.| 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 accomplished either by
connecting grid No.2 toa 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 af choke of suitable impedance for low
frequencies should be connected in series with
the grid-No.2 supply lead.

In classC rf telegraphy service, the 6166—-A/
7007 may be supplied with bias by any convenient
method except when the tube is used in the final
amplifier or a preceding stage of a transmitter

designed for break-in operation and oscillator
keying. In this case, an amount of fixed bias
must be used to limit the plate current and,
therefore, the plate dissipation toa 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.n7 — Average Plate Characteristics
of Type 6166-A4/7007.

a fixed bias of —130 volts must be used to limit
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 source, or from theplate-voltage
supply with a voltage divider. [t may also be
obtained through a series resistor from the plate
supply when the 6166-A/7007 or a 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 under key—up conditions. In




fixed grid-No. | bias voltage
limit the plate current.

this case, additional
must be provided to

Inclass CFM telephony service, the 6166—-A/7007
may be supplied withbias by any convenient method.
The grid-No.2 voltage should be obtained from a
well-regulated dc voltage source. This type of

voltage, incomponents, ininitial tube character-
istics, and in tube characteristics during life.

In cathode-drive circuits, thereis a further
increase in required driving power due to the
fact that the grid-No.| driving voltage and the
developed rfplate voltage act inseries to supply

PLATE VOLTS
92CM-7740R2
Fig.8-Average Characteristics of Type 6166-4/700%.
service is similar 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 all 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 line
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Fig.9-Average Characteristics of Type 6166-4/%007.

the loadcircuit. The increased driving power is
not lost because it appears as output from the
cathode-drive stage. |f the driving voltage and
grid—No. | current are increased, the output will
always increase. Such isnot 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 easily be exceeded.



In tuning a cathode-drive rf amplifier, it
must be remembered that variations in the load
on the output stage will produce corresponding
variations in the load on the driving stage.
This effect will be noticed by the simultaneous
increase inplate currents of both the output and
driving stages.

parallel connection requires no increase in
exciting voltage necessary todrive a single tube.
With eitherconnection, the driving power required
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
cuyrrents.
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Fig. 10 — Average Constant-Current Characteristics
of Type 6166-4/7007.

Push-pull orparallel circuit arrangements may
be used when more radio—frequency power isrequired
than can be obtained from a single tube. Two
tubes in parallel or push-pull will give approx—
imately twice the power output of one tube. The

Fig.11 - Average Constant-Current Characteristics

of Type 6166-4/7007.
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Information furnished by RCA isbelieved 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.




DIMENSIONAL OUTLINE
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GAUGE AS SHOWN IN SKETCH Gi. PROPER ENTRY OF THE TUBE IN
THE GAUGE IS OBTAINED WHEN THE PLATE TERMINAL 1S ENTIRELY
ENGAGED BY HOLE H1 AND WILL SEAT ON THE SHOULDER BETWEEN

11.50”
MAX
5.99"
+12’
|
! .81"MIN.
N
—>! | —.437"t.007"
04" DIA.
92CL -10626RI

ANGLES TO THE AXES OF THE HOLES WITHIN 00 £ 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.
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TERMINAL CONNECTIONS

F: FILAMENT TERMINAL

G1: RID-N0o.1 TERMINAL
Adjacent to
Filamént Posts)

G2: GRID-N0.2 TERMINAL

Between Grid-No.1
Terminal and

Plate Terminal)

P: PLATE TERMINAL
Radiator Flange
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Fig. 1

A7\
10-Stage Head-On Type
S-11 Spectral Response
RCA-6199 is a 10-stage, head-on, 1%2"-diameter FEATURES
type of photomultiplier tube intended for use in scin- ) ) o
tillation counters and for the detection and measurement o Fast Time Resolution Characteristics -
il Anode Pulse Rise Time:
of low-level radiation.
The spectral response of the 6199, at the 10-per- 2.5.nanoseconds ot 1250 volts
cent points, covers the approximate range from 3200 Electron Transit Time:
angstroms to 6100 angstroms as shown in Fig.1. Maxi- 29 nanoseconds at 1250 volts
mum relative response occurs at about 4400 angstroms, . .
and peak cathode quantum efficiency at about 4200 * High CU":'“ Amplification —
angstroms. 1 x 10° at 1000 volts
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General: DATH
Spectral ResSponse. ..« o« s .« m oo w o 5w 6 W e S-11
RELATIVE Wavelength of Maximum
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T N \ Index of refraction at 5893 angstroms . . . . . 1.51
EEE / \\ \ Dynodes:
ol i N\ Sitbstrate < : «: w5 s w0 5w v an A ER Nickel
5"{%? i / Secondary-Emitting Surface. ... Cesium-Antimony
T \ \ SEEHCRITE..: crer & pime s 5 a1 & ISt e Circular-Cage
™ ?_EE \ Direct Interelectrode Capacitances (Approx.):

o %§§ EFFICIENCY \ Anode to dynode No.10 . ... ......... 4 pF
::‘” 10 P Anode to all other electrodes. . . ....... 7 pF
§§§ , N Maximum Overall Length ... .......... 4.57 in
295 / \ Seated Length . ... ............ 3.88 + 0.19 in
il ' Maximum Diameter ................. 1.56 in

\ BUID: s 50 05 0 0w (555 (6% = 515 o & Boctsobdolze o orati e T12
P 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: (ApproX.): « o cv s v s s o5 55 owos o 2.2 0z

| \ \ Maximum Ratings, Absolute-Maximum Values:‘"l

3000 4000 5000 6000 7000 DC Supply Voltage:

P WACELENON = AlipEHONS Between anode and cathode . ... 1250 max. volts

Between anode and dynode

No.10 250 max. volts

Trademark(s) ® Registered
Marca(s) Registradal(s)

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

6199 6/66
Supersedes 6199 5/66
Printed in U.S.A.
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Maximum Ratings (Cont’d)

Between consecutive dynodes . 200 max. volts

Between dynode No.1

and cathode. ............ 300 max. volts
Average Anode Currente. ........ 0.75 max. mA
Ambient Temperaturef . . .. ...... 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.1;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:
Radiant9 at
4400 ang-
stroms . . -
Cathode rad-
iant” at
4400 ang-
stroms . . - 0.036
Luminous! . 10 45
Cathode lu-
minous:
With tungsten
light
sourcek 3.0x 10 4.5x 1070 -
With blue
light
source™ 2.8x 1078 = = A
Cathode quan-
tum efficiency
at 4200 ang-
stroms . . - 10 - %
Current Ampli-
fication . . . -
Equivalent Anode-
Dark-Current
Input" . ...
Anode Dark
Current™P. . -
Dark Current to Any
Electrode Except
Anode (At22°C) — o= 75x107 A
o ax102 17kl
M e o0 = 5x1015a 2. 1x10149
Rise TimeS. —  2.8x107 -
Electron Transit
Time' . . .. -

3.6x10% - AW

A/W

300 A/Im

A/lm

1x106 =

- 23x1010p 25x10% Im

4.5x10° . A

sec

3.3x10°8 - sec

- 28x1013a 31510129 w

9Made 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.

dThe 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 804 lumens

per watt.

i Under the following conditions: The light source is a tung-
sten-filament lamp having a lime-glass envelope. It is oper-
ated at a color temperature of 2870° K and a light input of
10 microlumens is used.

kUnder the following conditions: The light source is a tung-
sten-filament lamp having a lime-glass envelope. It is oper-
ated 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.

MUnder 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.

A4
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9At 4400 angstroms. This value is calculated from the rating
in lumen using a conversion factor of 804 lumens per watt.

"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 primarily
a function of transit time variation and is measured under
conditions 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 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

A
ACCELERATING
ELECTRODE
4 2
/\ GRILL

5 3
A\ INCIDENT
6 \ \u RADIATION
oy SEMI-
"ﬂ TRANSPARENT —
8 10 PHOTOCATHODE !
SHIELD
I-10: DYNODES
I1: ANODE 92CS-7776R2
Fig. 2

OPERATING CONSIDERATIONS

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 current of 10 microamperes
should not be exceeded.

Operating Yoltages:

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
ievel 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 (E) ACROSS VOLTAGE DIVIDER PROVIDING
1/6 OF E BETWEEN CATHODE AND DYNODE No.l; I/12
OF E FOR EACH SUCCEEDING DYNODE STAGE; AND
I/12 OF E BETWEEN DYNODE No.|0 AND ANODE
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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.1 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 dc 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.|-TO-CATHODE VOLTS =167
EACH-SUCCEEDING-DYNODE-STAGE VOLTS=83
LIGHT SOURCE IS A TUNGSTEN-| FlLAMENT LAMP OPERATED
AT COLOR TEMPERATURE OF 2870°
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Fig. 4

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 peak 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 1/6 OF E
BET N CAT NODE /12 OF E FOR EACH

SUCCEEDING DYNODE STAGE AND I |2 O E BETWEEN DYNODE
No. 10 AND ANODE. PHOTOCATHODE IS FULLY ILLUMINATED.

10-7

4 e — e TRANSIT TiME

TIME—SECOND
5
@

RISE TIME
r——

109

500 8 1000 3 4 1500
SUPPLY VOLTS (E) BETWEEN ANODE AND CATHODE

92L5-1482

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-
tive circuit 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 1/6 OF E BETWEEN CATHODE
AND DYNODE No.l: 1712 OF E FOR EACH SUCCEEDING DYNODE STAGE; AND
1/2 OF E BETWEEN DYNODE No. |0 AND ANODE.
TUBE TEMPERATURE=22°C
LIGHT SOURCE IS A TUNGSTEN-FILAMENT LAMP OPERATED AT A COLOR
TEMPERATURE OF 2870° K.
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Fig. 6

Typical anode dark current as a function of lumi-
nous sensitivity at a temperature of +22° C is 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: | 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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Fig. 7
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 dc 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 application 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
chosen to limit leakage current to the tube envelope
to 1 x 107*“ ampere or less. In addition to increasing
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.8 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.l, 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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Fig. 8

Adequate light shielding should be provided to

prevent extraneous light from reaching any part of the
6199.

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.5—-58 POLISHED TO 1/2
STOCK THICKNESS).

MAXIMUM FILTER TRANSMISSION OCCURS AT
4300 ANGSTROMS AND IS 60 PER CENT.

2
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/V
//

RELATIVE ENERGY DISTRIBUTION

2 ] \
/ |
/ \
/ \
3(’)00 : 3500 4000 4500 5000

WAVELENGTH—ANGSTROMS
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Fig. 9

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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TYPICAL VOLTAGE-DIVIDER ARRANGEMENT

FOR TYPE 6199

DIMENSIONAL OUTLINE

o le— 1.56 MAX —>
15 DIA.
R .24 MIN.
"' ovNoDE Neto T & T ‘oA
. -LCZ LOAD Vai —FACEPLATE
102 DYNODE No.9 T CONNEC;:TION —- (SEE NOTE)
Rg;’ DYNODE No.8 L \ ~PHOTOCATHODE
4
<
R >
82 DYNODE No.7 [ [ 3.88
<L ANODE $0.19 Ti2 BULB
& R RETURN e
TO 72 DYNODE No.6 5l
REGULATED —
DC POWER R 4.57
SUPPLY  °3_DYNODE No.5 MAX.
(SEE NOTE)
= 52 DYNODE No.4
\ /
Rq BASE
DYNODE No.3 [ i L« JEDEC No. Bi2-43
Ry R MULTIPLIER
- i
2 DYNODE No. ! 92CS-7770R5
Ry
PHOTOCATHODE
3 r DIMENSIONS IN INCHES
92L5-1506

NOTE: Adjustable between approximately 500 and 1250 volts

de.

Fig. 10

Cl’ 02: 0.01 u F, non-inductive type, 400 volts

Rl: 91,000 ohms, 2 watts (See Operating Voltages page 4.)

Roy through Ry;: 47,000 ohms, 1 watt (See Operating Volt-

(de working) — Values dependent on amplitude and

duration of pulse. (See page 4.)

ages page 4.)

NOTE: Deviation from flatness within the 1.24"-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
DIRECTION OF RADIATION:
INTO END OF BULB
12AE
Pin 1: Dynode No.1 Pin 7: Dynode No.10
Pin 2: Dynode No.3 Pin 8: Dynode No.8
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






RCA-6342A
PHOTOMULTIPLIER TUBE

68" Min. Diameter Curved Fast Response 2.31" Max. Diameter
Circular Semitrans- l0-Stage, Head-0On Type, Flat Faceplate
parent Photocathode S-11 Response 5.81" Max. Length
RCA-6342A is a 10-stage, head-on type of Supply Voltage Between Dynode No.l
photomultiplier tube intended for use in scin- and Cathode (DC or Peak AC) . 400 max, volts
Tlats ¢ £ the @ . d Supply Voltage Between Focusing
tillation counters 1Ior .e gtectlon qn meas- Electrode and Cathode
urement of nuclear radiation, and in other (DG or Peak AC) s s » & « & & ' 400 max. volts
applications involving low- Average Anode Current®., . . . . .. 2 max. ma
level light sources. Ambient Temperature . . . + . . . . 75 max. °c

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 . . . . . o o @ o w e w Sell
Wavelength of Maximum Response 4400i 500 angstroms
Cathode, Semitransparent. . . . . . .Cesium-Antimony
Shape « « » o s o o & % . . Curved, Circular
Minimum areas « o o « o o s & & s o o 202 8q¢ in.
Minimum diameter. . . 1.68 im.

Window. . « + « . . lee Glass (Cornlnga No.0080),

or equlvalent

Index of refraction . . . . . . @ 5 & % dadl
Dynode Material . . . . . . .. Copper Beryllium
Direct Interelectrode Capacitances (Approx.):

Anode to dynode No.10 « ¢« & + « &« o &« + « « 4.4 pf

Anode to all other electrodes . . « . . . . 7.0 pf
Maximum Overall Length. . . . . . . . . . . « 9,81
Seated Length . . « « . « . . o % 4.87" % 0.19"
Maximum Diameter. . « « « « ¢« « « « « o« « « o 2.31"
Balb. & s s © & 9 s » « v » TI6
Base. . Medlum Shell Duheptal 14-Pin,

(JEDEC Group 5, No.Bl14-38), Non-hygroscopic
Socket. . . LorangerP No.2274, or equivalent
Magnetic Shleld . Millen® No.80802B, or equivalent
Operating Position. « « « &+ o ¢ o« s s s o« o « o« JAny
Weight (ApProx.). « « « « o o ¢ ¢« o ¢ o o o 5.2 oz
Maximum Ratings, 4bsolute-Maximunm Values:9
Suppl Volta e Between Anode and

Cathode ( or Peak AC) . . 1500 max. volts
Supply Voltage Between Dynode No.10

and Anode (DC or Peak AC) . . . . 250 max. volts

RADIO CORPORATION OF AMERICA

Electronic Components and Devices Harrison, N. J

8

Characteristics Range Values for Equipment Design:

Under conditions withdc supply voltage (E)across
a voltage divider provzdtng 1/6 of £ between cath-
ode and dynode No.l; 1/12 of E for each succeed-
ing dynode stage; and 1/12 of F between dynode
No.10 and ano 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 nmoted)

Min. Typical Max.

Sensitivity:
Radiant at 4400 4
angstroms . . - 2.5x10 -
Cathode radiant
at 4400
angstroms . . -
Luminous:
At 0 cps’ o 15 31
With dynode
No.10 as
output
electrode9, - 99 -
Cathode
luminous:
With tungsten
light h
sourcel .,
With blue
light .,
sourcel . .
Current
Amplification . -
Equivalent Anode-
Dark-

urrent -
Inputk, . . . .

Equivalent Noise -{

a/w

0.064 -

a/lm

a/lm

5x107°  8x107° . a/lm

5x1078 - 2 a
3.9x10° -

9x10710m  9410°M™ 1y

2.5x107 13" 9, 5x10712"

E 7x10°12  1.7x10°11  Im
- 8.7x107159 9 1x107149

3x10°2 .

InputP.

Anode-Pulse
Rise Timel. . . -
Greatest Delay
Between Anode
Pulses:
Due to position
from which elec-
trons are si-
multaneously
released within
acircle centered
on tube face
having a diam-
eter of —
1-1/8" « + . . -
1-9/16" « . . . -

sec

1.3x10298 .
4x10798

sec
sec

— |ndicates a change.

Trademark(s) ® Registered
Marca(s) Registrada(s)

6342A 5-65
Printed in U.S.A.

-
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2 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 4bsolute-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 10 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 28700 K. The value of light flux is 0.01 lumen
and 200 volts are applied between cathode andall
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, 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 28700 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.

9 Determined under the same conditions shown under
(p) except that use is made of a monochromatic
source having radiation at 4400 angstroms.

¥ 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
agproximatelz 1 millimeter in diameter centered on
the photocathode.

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.

\ 1
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1
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]
o(\ g LIGHT
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]
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1]
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11: ANODE 92CS-8126R2

Fig.1 -Schematic Arrangement of
Type 63U24 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 1t 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 materialsare 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 bulbwall, 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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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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92CM=-10662RI

Fig.2 - Semi-Logarithmic Presentation
of S-11 Response.

the regulated power supply and the required
wattage rating of the resistorsincrease. 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.8, 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 1/6
OF E BETWEEN CATHODE AND DYNODE No.l; /12 OF E FOR
EACH SUCCEEDING DYNODE STAGE ; AND I/I20F E BETWEEN
DYNODE No.l0 AND ANODE. FOCUSING —ELECTRODE VOLTAGE
ADJUSTED TO GIVE MAXIMUM ANODE CURRENT.

6
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500 > 1000 3 41500
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92CM—8I23R3

3

6

Fig.3 - Characteristics of Type 63424.

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 63424 is
operated are very dangerous. Before any part
of the circuit 1s touched, the power supply
switch should be turned off and both terminals
of any capacitors grounded.
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DYNODE —No.| —TO —CATHODE VOLTS =208
EACH SUCCEEDING —DYNODE — STAGE VOLTS =104
LIGHT SOURCE IS A TUNGSTEN—FILAMENT LAMP
OPERATED AT COLOR TEMPERATURE OF 2870°K.
1
= T 1
HHHS o Q of
1 o - o rrH LUMINOUS smsn'wrrv IS VARIED BY ADJUSTMENT OF
T ! | THE SUPPLY VOLTAGE (E) ACROSS VOLTAGE DIVIDER
O Z WHICH PRovu)Es Ye OF E BETWEEN CATHODE AND
! fu DYNODE Ngi; Y42 OF E FOR EACH SUCCEEDING STAGE;
AND Y2 OF E BETWEEN DYNODE N2i0 AND ANODE.
T FOCUSING-ELECTRODE VOLTAGE ADJUSTED TO GIVE
o) e MAXIMUM ANOD
e w LIGHT souac A TUNGSTEN-FILAMENT LAMP
O & _s| OPERATED AT A COLOR TEMPERATURE OF 2870° K.
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S Fig.5 -Typical Anode-Dark-Current Characteristic
of Type 63U24.
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Fig.U - Average Anode Characteristics
of Type 63uU24.
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ANODE d
R Ci== LOAD
: DYNODE_No. I0 CONNECTION
Rp S C2 o o
22 "2 by No.o
R3 é C3 —x<
DY No.8
Ry S Cq o=
$ 4 é *T or N7
Rs %
T0 DY No. 6
REGULATED s |7 s
R
DC POWER 6 DY No.5 5 9
SUPPLY . 10
(SEE NOTE I) Rz é
& DY No. 4 4 ANODE
"
R
8% DY No. 3 o
PHOTO—
. MULTIPLIER
9 DY No.2
R
'°§ DY No. |
Ry é, FOCUSING ELECTRODE
R
. 13
e CATHODE
92CS-11233RI
N Cq: 0.05uf, non—inductive type, 400 volts (dc working)

Cp: 0.02 uf, non—inductive type, 400 volts (dc working)
C3: 0.01uf, non—inductive type, 400 volts (dc working)
Cy: 0.005 uf, non—inductive type, 400 volts (dc working)
Ry through Ryp: 33,000 ohms, 2 watts
R13: 2.5 megohms, 2 watts, adjustable

Note |: Adjustable between approximately 500 and
1500 volts dc.

Note 2: <Capacitors C1throughCy should be connected
A at tube socket for optimum high—frequency performance.

Fig.6 - I'ypical Voltage-Divider Arrangement
for Type 63U24.
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Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin

O N OO EW NN

DIMENSIONAL OUTLINE
le— 2.00"+.06"—>]
DIA.

1.68" MIN.
DIA.
FACEPLATE — |-
(SEE NOTE) ;

=g ==L
PHOTOCATHODE———d//i
!
4.87,
£.19
X T 16
BULB Y
5.81
MAX
BASE
JEDEC GROUP 5,
N2Bl4-38 — ] i
!
le— 2.31"MAX, —>
DIA. 92CS-8I09RS

C 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.

BASING DIAGRAM
Bottom View

Dynode No.1 Pin 9:
Dynode No. 2 Pin 10:
Dynode No.3 Pin 11:
Dynode No.u4 Pin 12:
Dynode No.5 - .
Dynode No.6 SE) Pin 13:
Dynode No.7 oY, K Pin 14:
Dynode No. 8 DIRECTION OF LIGHT:

INTO END OF BULB

14AA

Dynode No.9
Dynode No. 10
Anode

Internal Connection—
Do Not Use

Focusing Electrode
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
S-11 Spectral Response

RCA-6655A 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.]. Maximum relative
response occurs at about 4400 angstroms, and peak
cathode quantum efficiency at about 4200 angstroms.

SPECTRAL RESPONSE CHARACTERISTICS

FEATURES

e Fast Time Resolution Characteristics —

Anode-Pulse Rise Time:
3.1 nanoseconds at 1250 volts

Electron Transit Time:
31 nanoseconds at 1250 volts

e High Current Amplification —
1.6 x 10% at 1000 volts

e Flat Faceplate for Ease in Scintillator Coupling

100 v
DATA
80 7
- General:
60 ” R 1 /I;Equ‘s\FII'YvEITY Spectral Response . .. ............... S-11
T N Wavelength of Maximum Response . . . 4400 +£500 angstroms
4 L\ Cathode, Semitransparent . . . .. ... ... Cesium-Antimony
40 ABSOLUTE ~] \ Shape s s ¢ 2 s wmis s« @ 20685 45w s Curved-Circular
SENSITIVITY \ \ Minimum projected area . . . ............. 2.2 in?
\ | | BRI ARBUEEER « « « » woe ¢ 5 oo £ 4 8 B 4 1.68 in
\ Window. . .. ... Lime Glass, Corning® 0080, or equivalent
E 3% \ ShEDS =5 5 5] 1) Ere .7 2 el 4 © el o Plano-Concave
030 \ Index of refraction at 5893 angstroms . ........ 1.51
§ E; 20 Dynodes:
B e & SUBSEEEE. « . & sisnev o 0 o misiis o 8 6w slew o 5 56w 8 Nickel
tgﬁ f \\ Secondary-Emitting Surface. . ... ... Cesium-Antimony
g = & \ Structure . . . . .. ... Circular-Cage
gﬁ% N \ Direct Interelectrode Capacitances (Approx:):
%:ﬁ 10 Anode to dynode No.10. . . .« v v v v et 4.4 pF
wEs Anode to all other electrodes . ............ 7.0 pF
Eak @ Maximum Overall Length. . . .. ... ... . ....... 5.81 in
o83 Seated Length . . . .. ................ 4.87£0.19 in
x<g0o i 5 % s
e BUANTOM o Maximum Diameter . .. ... ................ 2.31 in
| omithonlo \ BUIE = . 5 wrarss 5 8 SRR B § WP § 8 SRS 5 E § S T16
\ Base .......... Medium-Shell Diheptal 14-Pin, (JEDEC
il \ Group 5, No.B14-38), Non-hygroscopic
\ \ Socket . ........ Lorangerb Part No.2274, or equivalent
\ Magnetic Shield . . . Millen® Part No.80802B, or equivalent
\ Operating Position . . . ... ... ... ............ Any
\ Weight (ADPEOX.) . v v v o v oo s s s wwe s 5 @ e s 5.2 oz
2 \ 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.1 and cathode . .. . 300 max. volts
3000 4000 5000 6000 7000 Between focusing electrode and
WAVELENGTH - ANGSTROMS ——— cathode. . . . .. %5 B 0 ¥ B e 300 max. volts
Average Anode Current®. . . .. ... .. .. 0.75 max. mA
Fig.1 Ambient Temperature' . ... .......... 75 max. °C
6655A 6/66
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Characteristics Range Values for Equipment Design:

Under conditions with dc supply voltage (E) across a
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 10 and 60 per cent of dynode No.l1
potential (referred to cathode) which provides maximum
anode current.

With E= 1000 volts (Except as noted)

Min. Typical Max.
Sensitivity:
Radiant? at 4400
angstroms . . . . .. - 9.6x104 - A/W
Cathode radiant:h at
4400 angstroms. .. — 0.061 - A/W
Luminous! .. ... .. 10 120 300 A/lm
Cathode luminous:
With tungften light
source” . . . .. . 4x107 7.6x1070 o A/1m
With blue light
source™. . . ... 4x1078 — - A

Cathode quantum
efficiency at 4200
angstroms . . . . - 17 - %

Current Amplification . —  1.6x10° =
Equivalent Anode-Dark- _
Current Input™. . . . . - 3.0x10710P  2x1079P lm
- 3.7x107139 g5x107129 W
Anode Dark Current™P . 6x1079 = A

Equivalent Noise

r - 8x10713 27x1071!  Im
Imput’. : vnv s s ¢ 5w ; B 1x10'15q 3.4x10'14q s
Anode-Pulse Rise
TimeS . . ... ... .. —  3.4x107° - sec
Electron Transit
Time! .. ... ... .. - 3.4x10'8 - sec

%Made by Corning Glass Works, Corning, New York.

bMade by Loranger Manufacturing Corporation, 36 Clark
Street, Warren, Pennsylvania.

®Made by James Millen Manufacturing Company, 150 Exchange
Street, Malden 48, Massachusetts.

dThe 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 envi-
ronmental 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 variation, environ-
mental conditions, and variations in device characteristics.
€Averaged over any interval of 30 seconds maximum.

‘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.

IUnder 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.
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 be-
tween cathode and all other electrodes connected as anode.

MUnder the following conditions: Lightincident onthe cathode
is transmitted through a blue filter (Corning C.S. No.5-58,
Glass Code No.5113 polished to % stock thickness—Manu-
factured 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 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 luminous
sensitivity of 20 amperes per lumen. Dark current is mea-
sured with no incident light on tube.

9At 4400 angstroms: This value is calculated from the rating
in lumen using a conversion factor of 804 lumens per watt.

"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 primarily
a function of transit time variation and is measured under
conditions 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 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.

O
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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 inFig.5. However, when high pulse
currents are drawn, saturationresults 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 tothe voltage drop across aparticular 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.1 may
be increased to the rated maximum value of 300 volts.

TYPICAL TIME-RESOLUTION CHARACTERISTICS

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.I0 AND ANODE.
FOCUSING ELECTRODE IS CONNECTED TO DYNODE NO.| POTENTIAL.
, | PHOTOCATHODE IS FULLY ILLUMINATED.
™ T T
107, } i
6 } }
2 4 TRANSIT TIME
o
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& 2
Y
= |0'°B
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i RISE TIME
2
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SUPPLY VOLTS (E) BETWEEN ANODE AND CATHODE
92LS-1476

Fig.3
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The operating voltages for the 6655A can be sup-
plied by spaced taps on a voltage divider across a
regulated dc power supply. A typical voltage-divider
arrangement for use with the 6655A is shown in Fig.8.
The choice of resistance values for the voltage-divider
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, ifthe 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 NO.l; I/I2 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.| POTENTIAL
(REFERRED TO CATHODE) WHICH PROVIDES MAXIMUM ANODE CUR-
RENT.
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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 a change 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 NO. |-TO-CATHODE VOLTS=167
EACH SUCCEEDING DYNODE STAGE VOLTS=83
LIGHT SOURCE IS A TUNGSTEN-FILAMENT LAMP OPERATED
AT COLOR TEMPERATURE OF 2870°K
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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 NO.|; I/12 OF E FOR EACH SUCCEEDING DYNODE STAGE;
AND /12 OF E BETWEEN DYNODE NO. |0 AND ANODE.
FOCUSING-ELECTRODE VOLTAGE IS ADJUSTED TO THAT VALUE
BETWEEN 10 AND 60 PER CENT OF DYNODE NO.| POTENTIAL (REFERRED
TO CATHODE) WHICH PROVIDES MAXIMUM ANODE CURRENT.

LIGHT SOURCE IS A TUNGSTEN-FILAMENT LAMP OPERATED AT A COLOR
TEMPERATURE OF 2870°K.

TUBE TEMPERATURE =22°C.
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and adjacent elements and pulses produced by elec-
trons thermionically released from the cathode, secon-
dary electrons released by ionic bombardment of the
dynodes, supportrods, 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 dc 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 10712 ampere or less. In addition to in-
creasing dark 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. No.5—58 POLISHED TO /2
STOCK THICKNESS).

MAXIMUM FILTER TRANSMISSION OCCURS AT
4300 ANGSTROMS AND IS 60 PER CENT.

2

100

RELATIVE ENERGY DISTRIBUTION

|

3000 3500 4000 4500 5000
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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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TYPICAL VOLTAGE DIVIDER ARRANGEMENT

!

TO
REGULATED
DC POWER

SUPPLY
(SEE NOTE 1)

1

J. ANODE RETURN
R C

T DYNODE No. 10

Ra § Ce _’I‘L DY No.9
R3§ DY No.8
Ra % DY No.7
R5§ DY No. 6
Rsé DY No. 5
R"é DY No. 4
R8§ DY No.3
Ro DY No.?2
R'Oé DY No. |

Ryl }

FOCUSING ELECTRODE

Ri3
R
12 CATHODE

Cl’ Cz:

Fig.8

(See page 4.)

R1 through R12: 33,000 ohms, 2 watts (See Operating Volt-

0.01 uF non-inductive type, 400 volts (dc working)—
Values dependent on amplitude and duration of pulse.

ages - page 3.)

0

LOAD
CONNECTION

ANODE

92L5-1487

Note:

DIMENSIONAL OUTLINE

«—2.00 =.06 —>
DIA.

1.68 MIN,
DIA.
FACEPLATE — —1‘:\ .
(SEE NOTE)

o==g [ —=~<l T Y
PHOTOCATHODE —
|
4.87
+.19
=T 16
! BULB
5.81
MAX.
BASE
JEDEC GROUP 5,
No.BI4-38 — ] |
|
— 2.31 MAX, —>
DIA. 92CS-8I09R6

DIMENSIONS IN INCHES

Within 1.68'" diameter

to valley.

R13: 2.5 megohms, 2 watts, adjustable (See Operating Volt-
ages - page 3.)

Note 1:
dc.

Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin

O 2O U W~

Dynode No.1
Dynode No.2
Dynode No.3
Dynode No.4
Dynode No.5
Dynode No.6
Dynode No.7
Dynode No.8

Adjustable between approximately 500 and 1250 volts

BASING DIAGRAM

Bottom View

Pin 9:
Pin 10:
Pin 11:
Pin 12:

Pin 13:
Pin 14:

DIRECTION OF RADIATION:
INTO END OF BULB

1 4AA

% of bulb will not deviate more than2° in any direction from
the perpendicularerected at the center of bottom of the base.

, deviation from flatness of ex-
ternal surface of faceplate will not exceed 0.010" from peak

Dynode No.9

Dynode No.10

Anode

Internal Connection -
Do not use

Focusing Electrode
Photocathode



Photomultiplier RCA-6810A

Tube
L

2'-Diameter, 14-Stage, Head-On Type Having S-11 Spectral Response.

H-844

RCA-6810A is a 2'-diameter, 14-stage, photomultiplier Typical Spectral Response Characteristics
tube having S-11 spectral response and high-stability

copper-beryllium dynodes. It is intended for use in 100 ]

scintillation counting and other low-level light detec-

tion and measurement applications. " 5  RELATIVE
SENSITIVITY

® Quantum Efficiency (Typical): 50 I \

16% at 4200 angstroms / N
® Copper-Beryllium Dynodes for High Stability a ’ ABSOLUTE ~ \

SENSITIVITY | | \ \
@ Flat Entrance Window . ]
@ 1.68"Minimum Diameter Photocathode £ f ( ]
N ]
@ Typical Time Resolution Characteristics: i oL 1
Anode-Pulse Rise Time—3.1 x 10°7 s at 2400 V ;E% "'\\ \ ]
Electron Transit Time—4.4 x 10°8 s at 2400 V EE; s / \\\
Data # i ‘l_ ol \\
General: g _’;: s /’
Spectral Response . .. ................... S—lol s = 'g- 8 2ﬁ¢?&gmm
Wavelength of Maximum Response . ...... 4400 + 500 A Eé%
Cathode, Semitransparent . . . ... .. .. Cesium-Antimony sy =
Minimum projected area. . . .. ... .. 2.2 in2 (14.2 cmz) ;E g
Minimum diameter .. ............ 1.68 in (4.2 cm) §§ é,
Window ........... Corning® No.0080, or equivalent 4

SNEDE 5 o5 v = anmimio v 2 wrimmm nn a . Plano-Concave ﬂﬁ‘

Index of refraction at 4360 angstroms. . ... ... 1.523 HH
Dynodes:

SUDSLEEYE : s smws 5 55 508 55 & oo Copper-Beryllium

Secondary-Emitting Surface . ... .. Beryllium-Oxide 2

Structure ; s 5060 . In-Line, Electrostatic-Focus Type \

Direct Interelectrode Capacitances (Approx.):

Anode to dynode No.14 . ... ... ........ 2.8 pF

Anode to all other electrodes . .......... 6 pF \

Dynode No.14 to all other electrodes . . . . . .. 7.5 pF 3000 2000 5000 6000 7000
Maximum Overall Length . ........... 7.5 in (19 cm) WAVELENGTH-ANGSTROMS SELMEBIIRI
Seated Length . ........... 6.69 in (17 cm) +0.19 in
Maximum Diameter ................ 2.38 in (6 cm) Figure 1

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.

“ " Electronic Supersedes 11-58
Components Printed in U.S.A. |4-69
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Data (Cont'd.)

Bulb . ... T16
Base . .. .Small-Shell Bidecal 20-Pin, JEDEC No.B20-102
Socket ........ Aldenb Part 220FTC, or equivalent
Magnetic Shield . .. .. Millen® No.80802E, or equivalent
Operating Position ... ................... Any
Weight (Approx.) . ................. 8 0z (226 g)
Maximum Ratings, Absolute-Maximum Values:d
DC Supply Voltage:
Between anode and cathode . . . ... ... 2400 max. V
Between anode and dynode No.14 . .. .. 400 max. V
Between consecutive dynodes . ... ... 500 max. V
Between accelerating electrode and
gridNo.13 . ... ................ 500 max. V
Between dynode No.1 and cathode. . . .. 400 max. V
Between focusing electrode and cathode . 400 max. V
Average Anode Current® . ........... 2 max. mA
Ambient Temperaturef ............. 75 max. °C

Characteristics Range Values for Equipment Design:
Voltage Distribution A, Table 1
With E = 2000 volts (Except as noted)

Min. Typical Max.
Anode Sensitivity:
—=Radiant%at 6
4400 angstroms . - 3x 10 - A/W
*Luminoush 2 3 4
(2870° K). . . . . 4.8x10° 3.8 x 10 2x 10 A/Ilm
Cathode Sensitivity:
Radiant' at
4400 angstroms .  — 0.056 - A/W
Luminous 5 5
(2870° K). . . .. 5x 10 7x10 - A/lm
—Current with blue
light gource
(2870 K + C.S. 8 )
No.5-58) .. ... 5x 10 7x10 - A
=»=Quantum Effici-
ency at
4200 angstroms .  — 16 - %o
—Current Amplifi- 7
cation. . . ... .. - 5.4x10 -
-=Anode Dark 8 6
Current" . . . ... - 1x10 3x10 A
=Fquivalent Anode 10 9
Dark rQurrent — 5x 10 1.5x 10 Im
Input™sc:: 555 {_ 6.2 x 10713P 1.8 x 10-129 W
=-Equivalent Noise (— 3.3 x 10712 - Im
mput™ .. ... " 4.1 x 10718 _ W
=*Anode-Pulse Rise 9
Time®at2400V. . — 3.1x 10 -

*Elect'ron Transit

Time' at2400V. . — 4.4x10°8 -

Indicates a change or addition.

% Made by Corning Glass Works, Corning, NY 14830.

b Made by Alden Products Co., 262 N. Main Street, Brock-
ton, MA 02403.

€ 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
device of a specified type as defined by its published
data, and should not be exceeded under the worst proba=
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 characteristics.

The equipment manufacturer should design so that initi-
ally 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.

f

Tube operation at room temperature or below is recom-
mended.

9 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 a lime-glass envelope. It
is operated at a color temperature of 2870° K and a light
input of 0.1 microlumen is used.

[ 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 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.

M 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.

At a tube temp-erature 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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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 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.

At 4400 angstroms. This value is calculated from the ENI
value in lumens using a conversion factor of 803 lumens
per watt.

-

n

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.

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- A B

lowing Electrodes:
Cathode (K),
Dynode (Dy),

and Anode (P)

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 - Dy10
Dy10 - Dyl1
Dyll - Dy12
Dyl12 - Dy13
Dyl13 - Dy14
Dyl4 - P
Dyl -P
K-P

et e e et e e e e e @

Sh| t\‘)»_—‘r.—ﬂr.—A'—A»—A»—A»—lb—ar-lr—-v—lb—‘r—‘N
= o1 DD
(92} ar
|l gl o
] Ut DN
(9] (o1}

-
94
|

Focusing electrode is connected to arm of potentiometer
between cathode and dynode No.1l; the focusing electrode
voltage is varied to give maximum anode current.

‘Cathode-to-dynode No.1 voltage 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 2milliamperes isrecommended 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 electronsreleased 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.
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In addition to increasingdark 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, which can permanently
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 kuee 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 inthe approximate range of 50 to 75volts
for the lightlevel 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

VOLTAGE DISTRIBUTION A, TABLE |
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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-electrode voltage may
be adjusted to obtain either maximum gainor 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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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.1 may be increased to the rated maxi-
mum value of 500 volts.

Typical voltage-divider arrangements for use with the
6810A 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

Sensitivity and Current Amplification Characteristics

VOLTAGE DISTRIBUTION A OR B AS SHOWN ON CURVE , TABLE 1I.
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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
limit anode-current response to pulsed light. The latter
effect may be reduced by connecting capacitors be-
tween the tube socket terminals for dynodes No.11
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 and Anode Dark Current Characteristics

LUMINQUS SENSITIVITY IS VARIED BY ADJUSTMENT OF THE SUPPLY VOLT-
AGE (E) ACROSS VOLTAGE DIVIDER WHICH PROVIDES VOLTAGES AS FOLLOWS:

54% OF E
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GRID—No.2 VOLTS ADJUSTED TO GIVE MAXIMUM ANODE CURRENT.

LIGHT SOURCE IS A TUNGSTEN—FILAMENT LAMP OPERATED AT A COLOR
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Leadsto all capacitors should be as short aspossible
to minimize inductance effects.

The capacitor values across the dynode stages will
depend upon the shape and the 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 Lt
v

where C is in farads

i isthe 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:

cC = 100%

\Y
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.1 gain is important, such as low light
level and scintillation counting applications. Voltage
Distribution B maintains the cathode to dynode-No.1
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 and 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 pointsin thecircuit
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
terminals of any capacitors grounded.

Typical Anode Characteristics

CATHODE ~TO-FOCUSING ELECTRODE VOLTS = 173
CATHODE—TO—-DYNODE No. | (DY!) VOLTS = 216
DYl - TO-DY2 DYIl =TO-DYI2 VOLTS = 135
DY2- TO—DY3 o DYI2—TO—DYI3 VOLTS = 160
ETC. TO VOEIS=108 DYI3—TO—DYI4 VOLTS = 189
DYIO-TO—DYII GRID No.2 VOLTS ADJUSTED TO
GIVE MAX. ANODE CURRENT.
LIGHT SOURCE IS A TUNGSTEN - FILAMENT LAMP OPERATED AT A
COLOR TEMPERATURE OF 2870° K.
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Typical Voltage-Divider Arrangement

PHOTOCATHODE

Ri L FOCUSING ELECTRODE
R3
R2
DYNODE Nel
R4§ DYNODE Ne2
R-‘:é DYNODE Ne3 L
2
Rﬁé DYNODE N24
R7é DYNODE Ne25 [—¢ e
T
-0 Rai DYNODE Ne26 " wz
TO )
REGULATED R9$ DYNODE L« (* | PHOTOMULTH-

DYNODE

s

DYNODE
Rl?é DYNODE N2I0 o LANODE
RizS == pynopE Nent 2

2’
2t
—

RI4§ T2 pynoDE Nei2

Rlsé T3 pvnoDE Nei3 _ ouTPUT %RL
Rie

5
==Ca

Riz DYNODE Nei4

Rig =

" =Cs R20$™

19 Tce 92L.5-3008
= =
ACCELERATING,
ELECTRODE

: 25 pF, 20%, 600 volts (dc working), ceramic disc

: 50 pF, 20%, 600 volts (dc working), ceramic disc

: 100 pF, 20%, 600 volts (dc working), ceramic disc
: 250 pF, 20%, 600 volts (dc working), ceramic disc
: 500 pF, 20%, 600 volts (dc working), ceramic disc
: 100 pF, 20%, 1000 volts (dc working), ceramic disc
: 24000 ohms, 5%, 1 watt

: 22000 ohms, 5%, 1 watt

: 1 megohm, 20%, 2 watts, adjustable
through R13. 22000 ohms, 5%, 1 watt

: 27000 ohms, 5%, 2 watts

: 33000 ohms, 5%, 2 watts

: 22000 ohms, 5%, 2 watts

: 18000 ohms, 5%, 2 watts

: 22000 ohms, 5%, 2 watts

: 22000 ohms, 5%, 2 watts

: 10 megohms, 2 watts, adjustable

: Value will depend on magnitude ofpeak pulse voltage

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.

Figure 7

Typical Voltage-Divider Arrangement for Constant
Voltage Between Cathode and Dynode No. 1

PHOTOCATHODE
5 ~ L FOCUSING ELECTRODE
X <R
DYNODE Ne|
Rz S DYNODE Ne2
R3 é DYNODE Ne23 L
r
R4 § DYNODE Ne24
Rs é DYNODE N25 [ ¢ ¢ ¢ ¢ ¢C¢
D
—<L Re L DYNODE N26 (%j’ 2
TO Jan
YNy omooe g
R
- By DYNODE  TUBE
Rg DYNODE i ‘7'
R,°§ DYNODE N2I0 o L L L LaNoDE
C , CCC
Ry ==¢! pynODE Neil ¢ gr
Rz S T2 pYNODE Nei2
R,3é T3 DYNODE Nei3 OUTPUT SRL
Rlae |c,
Ri5 DYNODE Ne2i4
Rie =
s RgS L
Ri7 Tee\ 92L8-3009
= s
ACCELERATING
ELECTRODE

Cy: 25 pF, 20%, 600 volts (dc working), ceramic disc
CZ: 50 pF, 20%, 600 volts (dc working), ceramic disc
03: 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
CG: 100 pF, 20%, 1000 volts (dc working), ceramic disc
Rl' 5 megohms, 20%, 1/2 watt, adjustable
Ro through Rq1: 22000 ohms, 5%, 1 watt
Rlzz 27000 ohms, 5%, 2 watts
R13: 33000 ohms, 5%, 2 watts
Rq4: 22000 ohms, 5%, 2 watts
R15: 18000 ohms, 5%, 2 watts
Ryg: 22000 ohms, 5%, 2 watts
Rq7: 22000 ohms, 5%, 2 watts
R18: 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 dec.

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 8
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Dimensional Outline

2.00 +.06
< “Toial

168 MIN.

DIA.
FACEPLATE -|- '
(see NOTE) |1\

|_/_{__--“,__a_
PHOTOCATHODE” :
Ti6
BULE ™
6.69
! .19
7.5
MAX.
METAL COLLAR
SMALL -SHELL
BIDECAL
20-PIN BASE
JEDEC N2B20-102
L
2.38 MAX-—'I 92CS-8802R3

€, 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-
sions tabulated below are in millimeters and are 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

RCA |Electronic Components | Harrison, N.J. 07029

Basing Diagram

Bottom View
DY“
DYy (s)
DY7
DY
] o | COLLAR
NC K
DIRECTION OF LIGHT:
INTO END OF BULB
20 D
Pin 1: No Connection
Pin 2: Dynode No.1
Pin 3: Dynode No.3
Pin 4: Dynode No.5
Pin 5: Dynode No.7
Pin 6: Dynode No.9
Pin 7: Dynode No.11
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.1 (Focusing Electrode)
Pin 20: Photocathode
Metal Collar: No Connection
Note — If used, connect only to photocathode.



CERMOLOX

at 400 MHz

at 1215 MHz

Oxide-Coated Cathode
Forced-Air Cooled

80 Watts CW Power Output

40 Watts CW Power Output

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 af
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 a plate-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, 1CE-300.
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III. GENERAL APPLICATIONS

*This bulletin is to be used in conjunction
with the publication, Application Guide for
RCA Power Tubes, 1CE-300. For a copy,
write RCA, Commercial Engineering, Har-
rison, N.J.

AErie Technological Products, Inc., 2206 West 15th Street,
Erie, Pennsylvania

BE F. Johnson Co., 299 10th Ave., S.W., Waseca, Minn.

RADIO CORPORATION OF AMERICA

Electronic Components and Devices Harrison, N. J.

GENERAL DATA

Electrical:

Heater for Oxide-Coated
Unipotential Cathode:
6.3 typical volts

Voltage (ac or dc). . id s 3
6.9 max.

T I )

volts
Current at 6.3 voltS . v v « o s o s e 2.1 A
Minimum heating time . ... oo o oo oo 1 minute

See further information on the heater in Application
Guide for RCA Power Tubes, 1CE-300; Section V.A.3,

Filament or Heater.

Mu-Factor, Grid No.2

to Grid Nosl s vwwpws soswmes smos 18
Direct Interelectrode
Capacitances®:
Grid No.ltoplate. . . e v v v v v v a v 0.065 max pF
Grid No.1 to cathode & heater . . . ... 13 pF
Plate to cathode & heater ........ 013 max pF
Grid No.1to grid No.2 . v v v 6 a0 s 0 v e 18 pF
Grid No,2toplate: i siswe s s smems 4.8 pF
Grid No.2 to cathode & heater . .. . .. 0.45 max pF
Mechanical:
Operating Position .+ s v s v to e e oo oo cevonnonnss Any
Overall Length ..... o % E § 85 e 8 e e 1.93" max.
Greatest Diameter .« .:isoacsosononsssssss 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. Johnsor®

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

ATFAangement . .oecssosnaasasssmpiosss o Page 4
Radiator s se s s ssommm s o m oo . +. .. Integral part of tube
Weight (Approxe)s s sem s sinmne s s s oo mmis s o www 2 oz.
Thermal:

Terminal Temperature (Plate,

grid No.2, grid No.1, cathode,

andheater) . . .. ittt ittt i 250 max. °C
Plate-Core Temperature « « o s c o s s s s o o s » » 250 max. °C

See Dimensional Outline for temperature-measurement
points

®Jettron Products, Inc., 56 Rt. 10, Hanover, N.dJ.

Trademark(s) ® Registered
Printed in U.S.A.
6816 8/66

Marca(s) Registradal(s)

Supersedes 6816 8/60




6816

AF POWER AMPLIFIER & MODULATOR-Class AB~|b
Maximum CCS Ratings, Absolute-Maximum Values:

Typical CCS Operation:
Values are for 2 tubes

DC Plate Voltage « « v v v v v v v v v v v e vnnn 1000 max. volts DC Plate Voltage ... .............. 650 850 volts
z DC Grid-No.2 Voltage .. ... ..o 300 300 volts
DC Grid-No.2 Voltage « v . vvevvuvwnnnn 00 max. volt 5
l. © orage S8 e, walbe DC Grid-No.1 Voltage:
Max.-Signal DC Plate Current .. ... ..... 180 max mA From fixed-bias SOUICE .« » v v o o v v o v . 45 -5 wolts
Max.-Signal Plate Input . « v v v v v v v v vn .. 180 max. watts  Peak AF Grid-No.1-to-Grid-No.1 Voltage . . 30 30 volts
Max.-Signal Grid-No.2 Input .. .. ... .. .. 4.5 max. watts  Zero-Signal DC Plate Current . ........ 80 80 mA
Plate Dissiont: 115 b Max.-Signal DC Plate Current ... ... ... 200 200 mA
JPRIDAEON o ags gl isie geim e Sme i ARSI Zero-Signal DC Grid-No.2 Current .. .... 0 0 mA
Maximum Circuit Values: Max.-Signal DC Grid-No.2 Current .. .... 20 20 mA
Grid-No.1-Circuit Resistance under Any Condition: Eff?;?"e Loa<li Re;sistance 1496 T000: ok
. . X atetoplate) : c o sevwsvossssas ohms
With fixed bigs : s s.5.6.0.6 5.5 3545 5 5.4 30000 max. ohms Max,-Signal Driving Power (Approg.). « « » » 0 0 watls
With cathode bias . . . v v v v ot v v vt h Not recommended  Max.-Signal Power Output (Approx.) .. ... 50 80 watts
AF POWER AMPLIFIER & MODULATOR-Class Asz Typical CCS Operation:
Maximum CCS Ratings, Absolute-Maximum Values: Values are for 2 tubes
DC Plate Voltage < « s s s o w o0 = mwiomo o 650 850 volts
DC Plate Voltage . . « v v v v vv oo e e e ann 1000 max. volts DC Grid-No.2 Voltage .. ... ......... 300 300 volts
DC Grid-No.1 Voltage:
DC Grid-No.2 Voltage ..« vvvvevvun .. 300 max. volts From fixed-bias source ........... —15 —15 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage . 46 46 volts
Max.-Signal DC Plate Current . ........ 180 max. mA  Zero-Signal DC Plate Current .. .. .. ... 80 80 mA
Max.-Signal DC Plate Current .. ....... 355 355 mA
Max.-Signal DC Grid-No.1 Current ... ... 30 max. mA  Zero-Signal DC Grid-No.2 Current ...... 0 0 mA
Max.-Signal DC Grid-No.2 Current ... ... 25 25 mA
Max.-Signal Plate Input . .. ... ....... 180 max. watts Max.-Signal DC Grid-No.1 Current . ... .. 15 15 mA
Effective Load Resistance
Max.-Signal Grid-No.2 Input . ... ...... 4.5 max. watts (Plate toplate) ............... 2450 3960 ohms
Max.-Signal Driving Power (Approx.). . ... 0.3 0.3 watt
Plate Dissipation .... .. .coueee... 115 max. watts Max.-Signal Power Output (Approx.) ... .. 85 140 watts
PLATE-MODULATED RF POWER AMPLIFIER- b Typical CCS Operation:
Class C Telephony At 400 MHz:
Carrier conditions per tube for use DC Plate Voltage . . -« e e et v v aeeean 400 700 volts
with a max. modulation factor of 1.0 DC Grid-No.2 Voltage . . .. .. oo v v v 200 250 volts
Maximum CCS Ru’lings, Absolute-Maximum Values DC Grid-No.1 Voltage .............. —20 —-50 volts
) DCPlate Current . . v « v e v v v v v v v v enn 100 130 mA
Up to 1215 MHz: DC Grid-No.2 Current. « « v ¢« ¢« ¢ ¢ ¢ e v a e n @ 5 10 mA
DC Plate Voltage < s« w s s smawss s somws 800 max. VOltS DO Grid-No.1 Current. . - » « o« v oo v onn. 5 10 mA
gg 893‘:0'? zoitage """"""" ?88 maxs. VO}:S Driver Power Output (Approx.)......... 2 3 watts .
rid-No.1 Voltage . . ... .. ... .. - max. volts  gopul P Output (A & 16 45 i
DC Pldte Cufrtent svsws s vasws & &5 0 wwe 150 max. mA WS e TR PRrox watts
DC Grid-No.1 Current .. . ¢ v oo v v v 30 max. mA . o
Plate Input « v v v o v v vt v v vt ve e e e 120 max. watts  Meximum Circuit Values:
Grid-No2Input s sswws sivm smm s o nmws 3 max. watts  Grid-No.1-Circuit Resistance
Plate Dissipation ;. « s« s s ssss & 886 4% 75 max. watts under Any Condition « ...« «coeeo. 30000 max. ohms

RF POWER AMPLIFIER & OSCILLATOR-

Class C Telegruphyb
and

RF POWER AMPLIFIER-Class C FM Telephony

Maximum CCS Ratings, Absolute-Maximum Values:
Up to 1215 MHz:

DC Plate Voltage . « « « c ¢« e o 0o o v o ons 1000 max. volts
DC Grid-No.2 Voltage ... ... ... ... 300 max. volts
DC Grid-No.1 Voltage ... .. ..ccc .. —100 max. volts
DCPlate Current . .« « s = e e o s 0 s s 180 max. mA
DC Grid-No.1 Current .« . .. .eov-.n-. 30f max. mA
Plate INput; . < s siomn s ssaas powmee s 180 max. watts
Grid-No.2Input e e e o e s o e o v oo 00 o s« 4.5 max. watts
Plate Dissipation . « o « « ¢« o o o0 0 oo a e 115 max. watts

Typical CCS Operation:

At 400 MHz At 1215 MHz

DC Plate Voltage . . . .. . ... 400 900
DC Grid-No.2 Voltage . ... .. 200 300
DC Grid-No.1 Voltage . ... .. -35 —-30
DC Plate Current . . . ...... 150 170
DC Grid-No.2 Current .. .... 5 1
DC Grid-No.1 Current ... ... 3 10
Driver Power Output (Approx.). 3 3
Useful Power Output (Approx.). 23 80

Maximum Circuit Values:

Grid-No.1- Circuit Resistance
under Any Condition

900
300
—22
170
1

4

5
40

3000 max.

volts
volts
volts
mA
mA
mA
watts
watts

ohms
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LINEAR RF POWER AMPLIFIER, Class ABIb
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 « s w5 ¢ s wsswiv s we 6 1000 max. volts
DC Grid-No.2 Voltagé .. « s a5 95w 300 max. volts
DC Grid-No.1 Voltage . .. ... cvo .. —100 max. volts
DC Plate Current at Peak of Envelope 250° max. mA
DC Grid-No.1 Current ... .......... 30 max. mA
Plate Ipit - s ¢ s e ews o8 e ges &6 180 max. watts
Grid-No.2 Input o s e o ¢ oo s s s o @ 4.5 max. watts
Plate Digsipation « s s s ¢ sss w05 saw s 115 max. watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance

Under Any Condition:

With. fixéd bias «s s sansman s ass e 25000 max. ohms

With fixed bias (In Class ABy

OPELALion) ¢« o oo 0 e siwimis o swmee e 100000 max. ohms

With cathode bias « .« s« 5w o smw s Not recommended
Grid-No.2 Circuit Impedance . . . .. ... ..... See Note d
Plate Circuit Impedance. .. .. ... ... ..... See Note e

Typical CCS Operation with ““Two-Tone’’ Modulation:

At 30 MHz
DC Plate Voltage . . . o e v v v et v 0 v v 650 850 volts
DC Grid-No.2 Voltage .. .. ..o oo 300 300 volts
DC Grid=No.1 Voltage s s« s 50000 —18.5 —18.5 wvolts
Zero-Signal DC Plate Current . ... ... 40 40 mA
Effective RF Load Resistance ...... 2200 3500 ohms
DC Plate Current at Peak
of Envelope .....¢ccccceeeean 100 100 mA

Average DC Plate Current .. ....... 75 75 mA
DC Grid-No.2 Current at Peak

of Envelopes « s s s s snm s mawwmses 8.2 4.2 mA
Average DC Grid-No.2 Current .. .. .. 3.6 1.7 mA
Peak-Envelope Driver Power Output

CADPDEOR.)! e = ferararianietse fofisbeliots: & BToE 0.5 0.5 watt
Output-Circuit Efficiency (Approx.). . . . 90 90 %
Distortion Products Level:

Third Order < 55 ¢ sswas s swwsies s 35 30 dB

Fifth Ofder . c ¢ ssac v s 5 wneme oo 40 36 dB
Useful Power Output (Approx.):

Average ......ceeecceecccns 12.5 20 watts

Peak envelope . . . ... oo v i i 25 40 watts

FOOTNOTES for General Data and Ratings

9Measured with special shield adapter.

bSee Section V.C. of 1CE-300.

©The 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

circuit adjustment under ‘‘Single-Tone’’ conditions, the aver-
age plate current may be as high as 250 mA.

dSee Section V.B. 2 of 1CE-300.
€See Section V.B.1 of 1CE-300.

fin applications where the frequency is less than 80 MHz and
the bias is less than —50 volts, the maximum value is 40 mA.

CHARACTERISTICS RANGE VALUES

Note Min. Max.
1. Heater Current . ....... 1 184 2.26 A
2. Direct Interelectrode Capacitances:
Grid No.1 to plate .. ... 2 - 0.065 pF
Grid No.1 to cathode &
Hetter wo o awsicnses 2 11,0 15.0 pF
Plate to cathode &
hEater e o = s s e 2 - 0.013 pF
Grid No.1 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 : vsvves na s 2 0.20 045 pF
3. Grid-No.1 Voltage ...... 1.3 —6 -15 volts
4. Grid-No.1 Cutoff Voltage.. 1,4 - —48 volts
5. Grid-No.1 Current . .. ... 1.5 6 - mA
6. Reverse Grid-No.1 Current . 1.3 - 8 WA
7. Grid-No.2 Current .. .... 1,3 -8 +2.0 mA
8. Peak Emission . ....... 1,6 - 300 peak
9. Interelectrode Leakage walis
Resistance . « « « s « oo » 7 1.0 - megohm
10. Useful Power Output .. .. 8 80 - watts

NOTE 1: With 6.3 volts ac or dc on heater.
NOTE 2: Measured with special shield adapter.

NOTE 3: With dc plate voltage of 1000 volts, dc grid-No.2
voltage of 300 volts, and dc grid-No.l voltage adjusted to
give a dc plate current of 115 mA.

NOTE 4: With dc plate voltage of 1000 volts, dc grid-No.2
voltage of 300 volts, and dc grid-No.1l voltage adjusted to
give a dc plate current of 1 mA.

NOTE 5: With plate and grid-No.2 floating and dc grid-No.1
voltage of +2 volts.

NOTE 6: With grid No.1l, 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 dc on heater, dc plate voltage of 1000 volts, dc grid-
No.2 voltage of 300 volts, grid-No.l resistor adjustable be-
tween zero and 10000 ohms, dc plate current of 180 mA maxi-
mum, dc grid-No.1 current of 30 mA maximum and driver power
output of 3 watts.
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DIMENSIONAL OUTLINE

1,250t 0I5 O
(NOTE la)

RADIATOR CORE
AIR-COOLED TEMPERATURE
RADIATOR MEASUREMENT
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DIMENSIONS IN INCHES
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-
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- i B NOTE 5: The specified contact ring of preformed finger stock
Y RN 60 and finger stock No0.97-380 provide adequate electrical con-
‘*k' DIA. tact, but the finger stock No0.97-380 is less susceptible to
Efiom breakage than the specified contact ring. Both types are made
051 i by Instruments Specialties Co., Little Falls, N.J.
.265 +.005 o
1','355 Information furnished by RCA is believed to be accurate and re-
562001 — © | liable. However, no responsibility is assumed by RCA for its use:
"7 DIA. SEEN-G35R nor for any infringements of patents or other rights of third\_/
CETAIL A" 9223R2 parties which may result from its use. No license is granted by
DIMENSIONS IN INCHES implication or otherwise under any patent or patent rights of RCA.
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TUNING CHARACTERISTICS
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For Directing Air Flow Through Radiator

A

RECOMMENDED COWLING

Wl -1/2
+1/32"

s S = ‘
IR £ =SSty
FROM
BLOWER

TYPICAL COOLING REQUIREMENTS

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.1 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.l1, 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 2500 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., Inc., Woodstock, N.Y., or equivalent.
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NEW PRODUCT RADIO CORPORATION OF AMERICA
ANNOUNGEMENT INTERNATIONAL DIVISION | HARRISON. N. .

——

NEW BEAM POWER TUBE
RCA-6883B/8032A/8552

H .: NOW—

A 12 TO 15-VOLT TYPE

to give you all the outstanding
features of the recently announ-

o~

ced RCA-6146B/8298A

T - ))7
YOU GET—

‘ EXTENDED LIFE WHEN REPLACING
6883, 6883A, or 8032
o “ p ' HIGHER POWER OUTPUT IN NEW
- nCATE "o EQUIPMENT DESIGNS

2 Ll ® Higher plate dissipation and

g U plate current ratings

® Higher temperature operation

85 Watts CW Output ® Higher power output

(ICAS) at 60 Mc ® RCA "dark heater"

® Withstands wide excursions of
53|g;«t§; C;W_WOSU;:U* heater voltage in mobile operation
a Cc

; Detailed technical information is given in the attached bulletin.

4
February 28, 1964

THE MOST TRUSTED NAME IN ELECTRONICS




RCA-6883B/8032A /8552

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
10- to 16-volt Range

BEAM POWER TUBE

3-13/16" Max. Length:
1-21/32" Max. Diameter
Octal 8-Pin Base
Small, Sturdy Structure

RCA-6883B/8032A/8552
is a small,
power

beam
tube having high
efficiency and high power

sturdy,

sensitivity for use 1in
mobile and
equipment. It is rated as
an af power amplifier and
modulator, a

power

linear rf
amplifier, and a
Class C rf power amplifier
and oscillator

The 6883B features a heater designed to oper-
ate over a voltage range of |2 to |5 volts ana
which will take excursions from |10 to 16 volts in
battery operation. The heater design insures de-
pendable performance in mobile equipment under
operating conditions during battery charging and
discharging. See Special Performance Data on page
4 for information covering heater overvoltage and
undervol tage operation.

Controlled zero-bias plate current is offered
in the 6883B to insure more dependable performance
as a Class ABy linear rf amplifier for single-
sideband suppressed-carrier service. See Test
No.3 of Characteristics Range Values.

Also featured in the design of the 6883B 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 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 themmal 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 insize for its power-output capability,
the 6883B 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)

@ RADIO CORPORATION OF AMERICA

Electronic Components and Devices Lancaster, Pa.

stationary

to permit effective rf grounding, and an octal
base with short metal sleeve having i1ts 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 circults
is accomplished by bringing the plate lead out of
the bulb to a cap opposite the base.

The 6883B/80324/8552 is unilaterally inter-

changeable with the 6883, 6883A, and 8032.
GENERAL DATA
Electrical:
Heater, for Unipotential Cathode:
Voltage (AC or DC). o 12.6 volts
Current at 12.6 volts . 0.562 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 umhos
Mu-Factor, Grid No.2 to Gr1d No l

for plate volts = 200, grid-No.2

volts = 200, and plate ma. = 100. 4.5
Direct Interelectrode Capacitances (Approx.):2

Grid No.l to plate. 0.24 max. pf

Grid No.1 to cathode & grld
No.3 & internal shield,
base sleeve, grid No. 2,
and heater. . . % oE s 1:3 pf

Plate to cathode & gr1d No 3
& internal shield, base
sleeve, grid No.2, and
hEater, o o & » @ &0wm & @ = b 8.5 pf

Mechanical:
Operating Position. s « « s & © » & & & = & o w & «ADY

Maximum Overall Length. . 3-13/16"
Seated Length . . 3-1/8" £+ 1/8"
Maximum Diameter. 5 8% 9 2% & . 1-21/32"
Balb: : & o o s 5 5 o 8 = 5 » s .. 112
Cap = o & 5 w @ w @ Small (JEDEC No.Cl-1)

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

Base.

AF POWER AMPLIFIER & MODULATOR - Class AB,
ccsS ICAS
Maximum Ratings, 4Absolute-Maximum Values:

DC PLATE VOLTAGE. 600 max. 750 max. volts
DC GRID-No.2 VOLTAGE. 250 max. 250 max. volts
MAX. -SIGNAL DC

PLATE CURRENT® 175 max. | 220 max.  ma
MAX. -SIGNAL PLATE IN 90 max. 120 max. watts

Trademark(s) ® Registered
Marca(s) Registrada(s)

6883B/8032A/8552 2-64
Printed in U.S.A.




6883B

ces ICAS

MAX. -SIGNAL

GRID-No. 2 INPUTb 3 max. 3 max, watbs
PLATE DISSIPATION Lo 27 max. 35 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. . . . . 600 750 volts
DC Grid-No.2 Voltage€ . . 200 200 volts
DC Grid-No.1 Voltage:

With fixed-bias source. -47 -48 volts
Peak AF Grid-No.l—tg-

Grid-No.1 Voltaged. 94 96 volts
Zero-Signal DC

Plate Current . . . . . 48 50 ma
Max.-Signal DC

Plate Current . . . . . 250 250 ma
Max. -Signal DC

Grid-No.2 Current . . . 14.8 12.6 ma
Effective Load Resistance

(Plate to plate). . . . 5600 7200 ohms
Max. -Signal Driving

Power (Approx.) . . . . 0 0 watts
Max. -Signal Power Output

(Approx.} « « s & = » 96 124 watts
Maximum Circuit Values (CCS or ICAS):
Grid-No.1-Circuit Resistance

under Any Condition:€

With fixed bias . 0.1 max. megohm

With cathode bias . .Not recommended

AF POWER AMPLIFIER & MODULATOR - Class AB,

Maximum Ratings, 4bsolute-Maximum Values:
cecs ICAS

DC PLATE VOLTAGE. 600 max. 750 max. volts
DC GRID-No.2 VOLTAGE. 250 max. 250 max. volts
MAX. - SIGNAL DC

PLATE CURRENT®. 175 max. 220 max. ma
MAX. -SIGNAL PLATE INPUTY. 90 max. 120 max. watts
MAX. - STGNAL

GRID-No. 2 INPUTb. i@ s 3 max. 3 max. watts
PLATE DISSIPATIONP. . . . 27 max. 35 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 CCS Operation:
Values are for 2 tubes

DC Plate Voltage. . . . . 500 600 volts
DC Grid-No.2 VoltageC . . 200 200 volts
DC Grid-No. | Voltage:

From fixed-bias source. -46 -48 volts
Peak AF Grid-No.l-to-

Grid-No.1 Voltage . .. . 108 106 volts
Zero-Signal DC

Plate Current . . . . . 50 40 ma
Max. -Signal DC

Plate Current . . . . . 308 270 ma
Max. -Signal DC

Grid-No.2 Current . . . 26 27 ma

Max. -Signal DC

Grid-No.1 Current . . . 2.7 L3 ma
Effective Load Resistance

(Plate to plate). . . . 3620 5200 ohms
Max.-Signal Driving Power

(Approx.)T. . . . . . 0.2 0.7 watt
Vax. -Signal Power Output

(Approx.) . . : 100 110 watts

Typical ICAS Operation:
Values are for 2 tubes

DC Plate Voltage. . . . . 600 750 volts
DC Grid-No.2 Voltage® . . 200 150 volts
DC Grid-No.1 Voltage:

From fixed-bias source. -47 -39 volts
Peak AF Grid-No.l-to-

Grid-No.1 Voltage . . . 114 110 volts
Zero-Signal DC

Plate Current . . . . . 50 40 ma
Max. -Signal DC

Plate Current . . . . . 328 294 ma
Max.-Signal DC

Grid-No. 2 Current . . . 26 28 ma
Max. -Signal DC

Grid-No.1l Current . . . 3.4 7.6 ma
Effective Load Resistance

(Plate to plate). . . . 4160 6050 ohms
Max.-Signal Driving Poweér

(Approx.)T. . . & 0.2 0.5 watt
Max.-Signal Power Output

(Approx.) . . R 130 148 watts

Maximum Circuit Values (CCS or ICAS):
g

Grid-No.1-Circuit Resistance:
With fixed bias .
With cathode bias .

30,000 max. ohms

.Not recommended

LINEAR RF POWER AMPLIFIER, Class AB,
Single-Sideband Suppressed-Carrier Service

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

ces ICAS

Maximum Ratings, Absolute-Maximum Values:
DC PLATE VOLTAGE. . . . . 600 max. 750 max. volts
DC GRID-No.2 VOLTAGE. . . 250 max. 250 max. volts
DC PLATE CURRENT AT

PEAK OF ENVELOPE. . . . 175 max. 220 max. ma
PLATE DISSIPATION . . . . 27 max. 35 max. watts
GRID-No. 2 DISSIPATION . . 3 max. 3 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 with "Two-Tone Modulation":
At 30 Mc

DC Plate Voltage. . . . . -600 750 volts
DC Grid-No. 2 Voltageh . 200 200 volts
DC Grid-No. 1 Voltageh .. -47 -48 volts
Zero-Signal DC

Plate Current . . . . . 24 25 ma
Effective RF Load

Resistance. . . . . . 2800 3600 ohms
DC Plate Current at

Peak of Envelope. . . . 125 125 ma
Average DC Plate Current. 86 86 ma

9.
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ces ICAS

DC Grid-No.2 Current at

Peak of Envelope. . . . 7.4 6.3 ma
Average DC

Grid-No.2 Current . . . _ 5.0 3.9 ma
Distortion Products Level:!

Third order . . . « - . 24 26 db

Fifth order . : < « = & 30 31 db
Useful Power Qutput

(Approx. ):

Average . 5, 24.5 30.5 watts

Peak envelope . . . . . 49 61 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance

under Any Condition:

With fixed bias . 30,000 max. ohms

PLATE-MODULATED RF POWER AMPLIFIER -
Class C Telephony

Carrier conditions per tube for use with a max.
modulation factor of 1.0; at frequencies up to 60 Mc

ces ICAS

Maximum Ratings, Absolute-Maximum Values:
DC PLATE VOLTAGE. . . . . 480 max. 600 max. volts
DC GRID-No.2 VOLTAGE. . . 250 max. 250 max. volts
DC GRID-No.1 VOLTAGE. -150 max. | -150 max. volts
DC PLATE CURRENT. . . . . 145 max. 180 max. ma
DC GRID-No.1 CURRENT. . . 3.5 max. 4.0 max. ma
PLATE INPUT . & s s « « = 60 max. 85 max. watts
GRID-No.2 INPUT . . . . . 2 max. 2 max. watts
PLATE DISSIPATION . . . . 18 max. 23 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:
DC Plate Voltage. . ., . . 475 600 volts
DC Grid-No.2 Voltagel . . 165 175 volts
DC Grid-No.1 VoltageK . . .86 -92 volts

From a grid resistor of . 26,000 27,000 ohms
Peak RF Grid-No.1l

Voltage . . . . . . . . 106 114 volts
DC Plate Current. . . . . 125 140 ma
DC Grid-No.2 Current. . . 8.5 9.5 ma
DC Grid-No.1 Current

(Approx:) = « = « o & « 3.3 3.4 ma
Driving Power (Approx.) . 0.4 0.5 watt
Power Qutput (Approx.). . 42 62 watts
Maximum Circuit Values (CCS or ICAS):
Grid-No.1-Circuit Resistancel . 30,000 max. ohms

RF POWER AMPLIFIER & OSC. — Class C Telegraphy

and
RF POWER AMPLIFIER — Class C FM Telephony
ces ICAS
Maximum Ratings, Absolute-Maximum Values up to 60 Mc:
DC PLATE VOLTAGE. . . . . 600 max. 750 max. volts
DC GRID-No.2 VOLTAGE. . . 250 max. 250 max. volts
DC GRID-No.1 VOLTAGE. -150 max. | -150 max. volts
DC PLATE CURRENT. . . . . 175 max. 220 max. ma
DC GRID-No.1 CURRENT. . . 3.5 max. 4.0 max. ma

ces ICAS
PLATE INPUT . 90 max. 120 max. watts
GRID-No. 2 INPUT . 3 max. 3 max. watts
PLATE DISSIPATION . 27 max. 35 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 as Amplifier up to 60 Mc:
DC Plate Voltage. 600 750 volts
DC Grid-No.2 Voltage | . 200 200 volts
DC Grid-No.1 Voltagem. -70 =77 volts
From a grid-No.1
resistor of 5 . 24,000 28, 000 ohms
Peak RF Grid-No.1
Volbage . .. « o o « @ = 90 95 volts
DC Plate Current. . . . . 150 160 ma
DC Grid-No.2 Current. . . 10 10 ma
DC Grid-No.1 Curren
(AppProxX.) « » s « & = = 2.8 2.7 ma
Driving Power (Approx.) . 0.3 0.3 watt
Power Qutput (Approx.). . 63 85 watts
Typical Operation as Amplifier at |75 Mc:
DC Plate Voltage. . . . . 320 400 435 volts
DC Grid-No.2 Voltage ! . . 210 220 230 volts
DC Grid-No.1 Voltage M. . -52 -55 -56 volts
From a grid resistor of . 26,000 30, 000 24,000 ohms
Peak RF Grid-No.1
Voltage . o ‘ 65 67 73 wolts
DC Plate Current. . . . . 170 180 210 ma
DC Grid-No.2 Current. . . 12 12 11 ma
DC Grid-No.1 Current
(Approx.) . o o« - o w o 2 1.9 2.3 ma
Driving Power (Approx.) . 2 2 3 watts
Power Qutput (Approx.). . 29 40 50 watts
Maximum Circuit Values (CCS or ICAS):
Grid-No. 1-Circuit Resistancen . 30,000 max. ohms
CHARACTERISTICS RANGE VALUES
Note Min. Max.
1. Direct Interelectrode
Capacitances:
Grid No.l to plate . 1 - 0.24 pf
Grid No.l to cathode &
grid No.3 & internal
shield, base sleeve,
grid No.2, and heater. 1 12.0 15.0 pt

Plate to cathode & grid
No.3 & internal shield,
base sleeve, gridNo. 2,

and heater . 1 7.3 9.5 pf
2. Plate Current. s 5 2 46 94 ma
3. Zero-Bias Plate Current. 3 330 - ma
4. Grid-No.2 Current. 2 - 5.5 ma

Note 1: With no external shield.

Note 2: With heater voltage of 13.5 volts, dc plate volt-
age of 400 volts, dc grid-No.2 voltage of 200
volts, and dc grid-No.l voltage of -34 volts.

Note 3: With heater voltage of 13.5 volts, dc plate volt-

age of 100 volts, dc grid-No.2 voltage of 200
volts, anddc grid-No.l voltage of -100 volts.
Grid No.1 is square-wave pulsed at 1000 kc to
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:

Design
Min. Center Max.
Voltage (AC or DC)3. . . - 12.6 - volts
Current at 12.6 volts. . 0.525 - 0.600 amp
Useful Power Outputb . 59 - - watts

It is recommendedthat thedesign-center heater vol tage
be 12.6 volts; the heater power supply should not
fluctuate more than 10% to insure long life.

In a single-tube, self-excited oscillator circuit,
and with ac heater voltage of 12.6 volts, dc plate
voltage of 600 volts, dc grid-No.2 voltage of 200
volts, grid-No.1 resistor of 24,000 + 10% ohms, dc
plate current of 150 max. ma., dc grid-No.1 current
of 2.5 to 3 ma., and frequency of 15 Mc.

Mobile Equipment Operation:

Heater, for Unipotential Cathode:

Design
Min. Range Max.
Voltage (AC or DC)2. . . -  12-15 -  volts
Current at 13.5 volts. . 0.550 - 0.620 amp
Useful Power Qutput Ib . . 59 - - watts
Useful Power OQutput II . See Note c

Overvoltage Heater Life Tests:

Continuous heater 1ife tests are performed periodically
on sample lots of tubeswith 16 volts on the heater, all
other electrodes "floating". Intermittent heater life
tests are performed periodically onsample lots of tubes
with 22 volts on the heater, a cycle of 1 minute "ON"
and ¥minutes "OFF". After 1000 hours of the continuous
heater 1ife test and after 48 hours of the intermittent
heater life test, the following tests are performed:

With heater voltage of 13.5 volts and + 100 dc volts
between cathode and heater, the heater-cathode leakage
current will not exceed 100 microamperes.

With acor dc heater voltage of 13.5 volts, grid-No.1
volts =-200 and cathode, grid No.2, and plate grounded,
the minimum grid-No.1 leakage resistance will be
10 megohms.

With ac or dc heater voltage of 13.5 volts, plate
volts = -200, and cathode grid No.1 and grid No.2
grounded, the minimum plate leakage resistance will
be 10 megohms.

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 Test II and Qvervoltage Tests.

In a single-tube, self-excited oscillator circuit,
and with ac heater voltage of 12.6 volts, dc plate
voltage of 600 volts, dc grid-No.2 voltage of 200
volts, grid-No.1 resistor of 24,000 + 10% ohms, dc
plate current of 150 max. ma., dc grid-No.1 current
of 2.5 to 3 ma., and frequency of 15 Mc.

€ With conditions innote babove, reduce heater voltage
to 10 volts. Useful power output will 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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With no external shield.

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.

The driver stage should be capable of supplying the
No.1l grids of the class AB] stage with the specified
driving voltage at low distortion.

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.

Driver stafe should be capable of supplying the
specified driving power at low distortion to the
No.1l grids of the AB2 stage.

To minimize distortion, the effective resistance per
grid-No.l circuit of the AB2 stage should be held at
a lowvalue. For this purpose the use of transformer
coupling is recommended. In no case, however, should
the total dc grid-No.l-circuit resistance exceed
30,000 ohms when the tube is operated at maximum
ratings. Foroperation at less than maximum ratings,
the dc grid-No.l-circuit resistance may be as high

as 100,000 ohms.

Obtained preferably from a separate, well-regulated
source.

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 from grid-No.l resistor or from a combina-
tion of grid-No.l resistor with either fixed supply
or cathode resistor

Obtained preferably from separate source, or from
the plate-supply voltage witﬁ a voltage divider, or
through aseries resistor. A series grid-No.2 resistor
should be used only when the tube is used in a circuit
which isnot keyed. Grid-No.2 voltage must not exceed
435 volts under key-up conditions.

Obtained from fixed-supply, by grid-No.l resistor, by
cathode resistor, or by combination methods.

When grid No.l is driven positive and the tube 1is
operated at maximum ratings, the total dc grid-No.1l-
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 atless than maximum ratings,
the dc grid-No. l-circuit resistance may be as high as
100, 000 ohms.

DEFINITIONS

AB, - The subscript 1 indicates that grid-No.l current
does not flow during any part of the input cycle.

ABy - 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 maximum 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 toprovide
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 tothat 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 1s 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
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Fig.2

To insure adequate cooling it is essential that
free circulation of air be provided around the tube.
In most cases, no additional air 1s required.

Plate Color

The plate shows no color when the 6883B 1s
operated at full ratings under either CCS or ICAS
conditions.

MECHANICAL CONSIDERATIONS

Plate Circuit

Heavy leads and conductors together with
suitable insulation should beused in all parts of
the rfplate tank circuit so that losses due to rf
voltages and currents may be kept at a minimum.
At the higher frequencies, 1t is essential that
short, heavy leads beused for circuit connections
in order to minimize lead inductance and losses.

TYPICAL CHARACTERISTICS
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Fig. 4

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, 1t 1s advisable to reduce the plate

A g
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voltage and grid-No.2 voltage. If the 6883B is
operated at maximum-ratings and grid-No.2 voltage
is obtained through a series dropplng 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 1is used, a 10,000-ohm
protective resistor should be connected in the
grid-No.2 supply lead.

TYPICAL PLATE CHARACTERISTICS
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The plate voltage should be applied before or
simultaneously with the grid-No.2 voltage; other-
wise, with voltage on grid No.2 only, 1its current
may be large enough to cause excessive grid-No.2
dissipation. A dc milliammeter should be used in
the grid-No.2 circuit so that its current may be
measured and the dc power input determined.

The grid-No.2 current 1s a very sensitive
indication of plate-circuitloading 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 6883B 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 6883B 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 toprovide for losses in the grid-No.l circuit
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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 6883B 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 6883B 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 orparallel circuit arrangements can
be used when more radio-frequency power is required
than can be obtained from a single 6883B. Two
6883B’s in parallel orpush-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
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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 dc 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 dc 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
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 theprimary 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
1s again locked.

TERMINAL CONNECTIONS

Bottom View

PIN 1: CATHODE, GRID No.3, PIN 5: GRID No.1
INTERNAL SHIELD PIN 6: 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

at 400 MHz

at 1215 MHz

Oxide-Coated Cathode
Forced-Air Cooled

80 Watts CW Power Output

40 Watts CW Power Output

RCA-6884

BEAM POWER TUBE

RCA-6884 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 af
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 a plate-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,
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 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 are described in the Application Guide
for RCA Power Tubes, 1CE-300.
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GENERAL DATA

Electrical:

Heater for Oxide-Coated
Unipotential Cathode:

26.5 typical volts

Voltage (acordc)e . v c v v o v nvnnns ;
29.2 max. volts
Current at 26.5 volts v v v v v v v v v v u s 0.54 A
Minimum heating time . ......... Vi a 1 minute

See further information on the heater in Application
Guide for RCA Power Tubes, 1CE-300; Section V.A.3,

Filament or Heater.

Mu-Factor, Grid No.2

to Grid, Nowl w i e s www s wamewmn « s 18
Direct Interelectrode
Capacitances®:
Grid No;l to plate s s s s s siewwm s 0.065 max. pF
Grid No.1 to cathode & heater . . .. .. 13 pF
Plate to cathode & heater ........ .013 max. pF
Grid No.1togrid No.2 . .o v v o0t 18 pF
Grid No.2toplate. « o v v v v v v v e v w 4.8 pF
Grid No.2 to cathode & heater . .. ... 0.45 max pF
Mechanical:
Operating Position «ve s « ssssns s s sawwes s ows Any
Overall Liength s ssswes sssvensss semwn s 1.93" max.
Greatest Diameter . ... .v oo v vevnvenenas 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. Johnsor®

DN124-152-1, Jettron® 89-001,
or equivalent

Grid-No.2 Bypass
Capacitor 5 Erie® 2926-000,
2929-001, or equivalent

For operation at high frequencies

See Preferred Mounting

AFTENEEMBENE s oo s s 0amims 962G EH &5 9655 Page 4
REAALOE 5 6 s ssnmmma s s@s s & 6o Integral part of tube
Weight (ApProX.). v v v v v v o vt e v nnoonosnnnens 2 oz.
Thermal:

Terminal Temperature (Plate,

grid No.2, grid No.1, cathode,

andheater) « oo« con oo s ssvmimim s e 250 max. °C
Plate-Core Temperature « « « v c s s o s s s o s o 250 max. °C

See Dimensional Outline for temperature-measurement
points

®Jettron Products, Inc., 56 Rt. 10, Hanover, N.J.

Trademark(s) ® Registered
Marca(s) Registrada(s)

Supersedes 6816 8/60

Printed in U.S.A.
6884 8/66
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AF POWER AMPLIFIER & MODULATOR-Class ABlb
Maximum CCS Ratings, Absolute-Maximum Values:

Typical CCS Operation:
Values are for 2 tubes

DC Plate Voltage « + w55 ¢ ms 6 mie 955 oo s 1000 max. volts DC Plate Voltage . .. .............. 650 850 volts
. DC Grid-No.2 Voltage .. ...... .00 300 300 volts
DC Grid-No,2 Voltage .. s+ s 55 ss 5w s s 300 max. volts DC Grid-No.1 Voltage:
Max.-Signal DC Plate Current .. ........ 180 max. mA From fixed-bias SOUICEe .+ v « v o o o o oo » =15 ~15 volis
Max.-Signal Plate Input . .. « ¢ e v e e 0o v o 180 max. watts  Peak AF Grid-No.1-to-Grid-No.1 Voltage . 30 30 volts
Max.-Signal Grid-No.2 Input .. .. v oo vt 4.5 max. watts  Zero-Signal DC Plate Current . ........ 80 80 mA
Plate Dissipation P T— Max.-Signal DC Plate Current ... ...... 200 200 mA
""""""""" " Zero-Signal DC Grid-No.2 Current .. ... . 0 0 mA
Maximum Circuit Values: Max.-Signal DC Grid-No.2 Current ...... 20 20 mA
Grid-No.1-Circuit Resistance under Any Condition: Effective Load Resistance
X i i (Platetoplate) ... cceoeciecsocoens 4330 7000 ohms
With fixed bia8 s s ssnin nsnws@ s 30000 max. ohms Max.-Signal Driving Power (Approx.). . . . . 0 0 watts
With cathode bigas s ¢+ « s s w5 s s swow s Not recommended Max.-Signal Power Output (Approx.) . ... . 50 80 watts
AF POWER AMPLIFIER & MODULATOR-Class Asz Typical CCS Operation:
Maximum CCS Ratings, Absolute-Maximum Values: Values are for 2 tubes
DC Plate Voltage . ¢ s ¢ s+5 s son s sovms» 650 850 volts
DC Plate Voltage : s v cos54% svs s sss ssee 1000 max. volts DC Grid-No.2 Voltage .. « ¢ ¢ e o v 0 0 oo 300 300 volts
DC Grid-No.1 Voltage:
DC Grid-No.2 Voltage ... v v ve v .. 300 max. volts From fixed-bias source . .......... —15 —15 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage . . 46 46 volts
Max.-Signal DC Plate Current . . ....... 180 max. mA  Zero-Signal DC Plate Current .. .. ..... 80 80 mA
Max.-Signal DC Plate Current . ........ 355 355 mA
Max.-Signal DC Grid-No.1 Current ... ... 30 max. mA  Zero-Signal DC Grid-No.2 Current ... ... 0 0 mA
Max.-Signal DC Grid-No.2 Current ... ... 25 25 mA
Max.-Signal Plate Input . .. .......... 180 max. watts  Max.-Signal DC Grid-No.1 Current ...... 15 15 mA
Effective Load Resistance
Max.-Signal Grid-No.2 Input . ... ...... 4.5 max. watts (Plate to plate) « o o s aww o womemms s 2450 3960 ohms
Max.-Signal Driving Power (Approx.). . ... 0.3 0.3 watt
Plate Dissipation ........cc000 ... 115 max. watts Max.-Signal Power Output (Approx.) ... .. 85 140 watts
PLATE-MODULATED RF POWER AMPLIFIER- Typical CCS Operation:
Class C Telephonyb At 400 MHz:
Carrier conditions per tube for use DC Plate Voltage wssiss o vewss sses s 400 700 volts
with a max. modulation factor of 1.0 DC Grid-No.2 Voltage .. .o oo v v v v v oo 200 250 volts
Maximum CCS Ratings, Absolute-Maximum Values DC Grid<No.1. Voltage « .« ¢ ¢ ¢ e w5 s o 0 ewe —20 —50 volts
DC Plate Current : si5n 6 oo wwie s 5 6 omee 100 130 mA
Up to 1215 MHz: DG Grid-No.2 Current. « v v e v evvnnnn 5 10 mA
DC Plate Voltage « s oo s o mse e siee 800 max. volts  pco Grid-No.1 CUrrent. - « v v o oo oo vonns 5 10 mA
DC Gr}d-No.Z Voltage s c v aomimes awn 300 max. volts Driver Power Output (Approx.Ye » « « s« s « s 2 aiats
DG Pate Current v 1112010110 150 men. ma  UsePol Power Outmut (Approx) ... 15 A
DC Grid-No.1 Current . . ... .o v vv v 30 max. mA
Plate Input « . v v v v v v v v e e ee e e 120 max. watts  Maximum Circuit Values:
Grid-No.2 Input: « ¢ s wws ss o @i o o pmie 3 max. watts  Grid-No.1-Circuit Resistance
Plate Dissipation « weesns ssweess v 75 max. watts under Any Condition .. ... ....... 30000 max. ohms

RF POWER AMPLIFIER & OSCILLATOR-
Class C Telegrt:phyb

and

RF POWER AMPLIFIER-Class C FM Telephony

Maximum CCS Ratings, Absolute-Maximum Values:
Up to 1215 MHz:

DC Plate Voltage . . « « « c v v 0t o 0 0o 1000 max. volts
DC Grid-No.2 Voltage ... cc o vv v v e 300 max. volts
DC Grid-No.1 Voltage ... .. ..... o —100 max. volts
DC Plate Current: « « . oo a0 sose anwe 180 max. mA
DC Grid-No.1 Current . . .« v v v v v v n v 30f max. mA
Plate TnDUt < s = ¢ sis s 0855 s 5866 siww's 180 max. watts
Grid-No.2Input s cscvsssom sws wwse 4.5 max. watts
Plate Dissipation ss.s s «w o5 500 0 @ o s 115 max. watts

Typical CCS Operation:

At 400 MHz At 1215 MHz

DC Plate Voltage . . . .. .. .. 400 900 900
DC Grid-No.2 Voltage ...... 200 300 300
DC Grid-No.1 Voltage . ... .. -35 =30 —22
DC Plate Current . « « ¢ ¢ o ¢« « 150 170 170
DC Grid-No.2 Current .. .... 5 1 1
DC Grid-No.1 Current ... ... 3 10 4
Driver Power Output (Approx.). 3 3 5
Useful Power Output (Approx.). 23 80 40
Maximum Circuit Values:

Grid-No.1- Circuit Resistance

under Any Condition + . .+ . o v v v .. 3000 max.

volts
volts
volts
mA
mA
mA
watts
watts

ohms
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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 « csnme s s 550359 o0 1000 max. volts
DC Grid-No.2 Voltage ... ...cuov .. 300 max. volts
DC Grid-No.1 Voltage . .. ... .voe ... —100 max. volts
DC Plate Current at Peak of Envelope 250 max. mA
DC Grid-No.1 Current . .. .c oo vev v 30 max. mA
Plate Input s vsum s sages s s 180 max. watts
Grid-No.2 Input: .. « swne s o5 smse »mse 4.5 max. watts
Plate Dissipation . . « v v« e v v v v v v v 115 max. watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance

Under Any Condition:

With fixed biag vesww ss s svnsw s on e 25000 max. ohms

With fixed bias (In Class AB;

OPETAtIoON) s ¢ 5 s 5% s 5« 5 & %% 5 & % 100000 max. ohms

With cathode bias . . ... ......... Not recommended
Grid-No.2 Circuit Impedance . . . .. ... .. ... See Note d
Plate Circuit Impedance. .. .. ... ... .. ... See Note e

Typical CCS Operation with ‘‘Two-Tone’’ Modulation:

At 30 MHz
DC Plate Voltage « « siso oo s mwee s 650 850 volts
DC Grid-No.2 Voltage .. .. .cec v ou 300 300 volts
DC Grid-No.1 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: . + s sewiwis oseme s s 100 100 mA

Average DC Plate Current .. ....... 75 75 mA
DC Grid-No.2 Current at Peak

of Bnvelope: : s ssmns s wnvw® s 5 @ 8.2 4.2 mA
Average DC Grid-No.2 Current . ..... 3.6 1.7 mA
Peak-Envelope Driver Power Output

(ADDYOX.) v sswnmssos@ie bes 0.5 0.5 watt
Output-Circuit Efficiency (Approx.). . . . 90 90 %o
Distortion Products Level:

Third Order . s oo oo @we 94 0w o s 35 30 dB

Fifth Order s vssvwss sowsme sos 40 36 dB
Useful Power Output (Approx.):

AVETARE: .« v s oo 6 o o8 @8 & S & & %5 12.5 20 watts

Peak envelope . . .. ........... 25 40 watts

FOOTNOTES for General Data and Ratings

9Measured with special shield adapter.

bSee Section V.C. of 1CE-300.

€The 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

circuit adjustment under ‘‘Single-Tone’’ conditions, the aver-
age plate current may be as high as 250 mA.

dSee Section V.B. 2 of 1CE-300.
€See Section V.B.1 of 1CE-300.

‘In applications where the frequency is less than 80 MHz and
the bias is less than —50 volts, the maximum value is 40 mA.

CHARACTERISTICS RANGE VALUES

Note Min. Max.
1. Heater Current ........ 1 0.48 0.60 A
2. Direct Interelectrode Capacitances:
Grid No.1 to plate .. ... 2 - 0.065 pF
Grid No.1 to cathode &
heater ........... 2 11.0 15.0 pF
Plate to cathode &
hHeater .« «weswews 2 - 0.013 pF
Grid No.1 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.1 Voltage . ..... 1,3 —6 -15 volts
4. Grid-No.1 Cutoff Voltage.. 1,4 - —48 volts
5. Grid-No.1 Current . .. ... 1,5 6 - mA
6. Reverse Grid-No.1 Current. 1.3 - 8 pA
7. Grid-No.2 Current ... ... 1,3 -8 +2.0 mA
8. Peak Emission . ....... 1,6 - 300 peak
9. Interelectrode Leakage valks
Resgistance. « . o o5 s o 7 1.0 - megohm
10. Useful Power Output .. .. 8 80 - watts

NOTE 1: With 26.5 volts ac or dc on heater.
NOTE 2: Meusured with special shield adapter.

NOTE 3: With dc plate voltage of 1000 volts, dc grid-No.2
voltage of 300 volts, and dc grid-No.1 voltage adjusted to
give a dc plate current of 115 mA.

NOTE 4: With dc plate voltage of 1000 volts, dc grid-No.2
voltage of 300 volts, and dc grid-No.1l voltage adjusted to
give a dc plate current of 1 mA.

NOTE 5: With plate and grid-No.2 floating and dc grid-No.1
voltage of 12 volts.

NOTE 6: With grid No.1, 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 with24.0 volts
ac or dc on heater, dc plate voltage of 1000 volts, dc grid-
No.2 voltage of 300 volts, grid-No.1 resistor adjustable be-
tween zero and 10000 ohms, dc plate current of 180 mA maxi-
mum, dec grid-No.1 current of 30 mA maximum and driver power
output of 3 watts.
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DIMENSIONAL OUTLINE

1.250¢ .015
(NOTE la)
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MEASUREMENT POINT

92LM~159!

DIMENSIONS IN INCHES

NOTE 1: The following diametrical space r'equirements ac-
commodate the concentricity of the cylindrical surfaces of the

radiator fins, axial pin, and each electrode terminal:

a. Radiator Band — 1.316"
b. Plate Terminal — 1.119"
c. Grid-No.2 Terminal — 1.019"
d. Grid-No.1 Terminal — 0.764"

e. Heater-Cathode 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
e s ]

150 ¥
SHEET METAL =00k W
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)
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05!
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05 ——l -
1
265 2005 Y|P}
: 126
+.605
156 +00l —
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i 92CM-9223R2

CETAIL A
DIMENSIONS IN INCHES

TERMINAL DIAGRAM

See Dimensional Outline for Terminal Connections

NOTE 1: Contact ring No0.97-252 or finger stock No0.97-380. (._
NOTE 2: Contact ring No0.97-253 or finger stock No0.97-380.
NOTE 3: Contact ring No0.97-254 or finger stock No0.97-380.
NOTE 4: Contact ring No.97-255 or finger stock No0.97-380.

NOTE 5: The specified contact ring of preformed finger stock
and finger stock No0.97-380 provide adequate electrical con-
tact, but the finger stock No0.97-380 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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FREQUENCY —MHz

i

TUNING CHARACTERISTICS
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GRID-No.l VOLTS
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS
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\ TYPICAL CONSTANT-CURRENT CHARACTERISTICS
With Grid-No.2 Volts = 200
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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.l1, 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 2500 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., Inc., Woodstock, N.Y., or equivalent.

RECOMMENDED COWLING

For Directing Air Flow Through Radiator

//”T“\t\
74 AN
/
N7, N\
! | AN "
/
It W | 12
lf 1 "
\'\\ / :" +1/32
\ ‘ 2
N 4
N, \\ . /l/'
N * =
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BLOWER
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TYPICAL COOLING REQUIREMENTS
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This bulletin also applies to RCA-69I4A
which is identical with RCA-6914 except
for the additional special-performance
test shown on page 4.

The 69144 is Unilaterally Interchangeable
with the 6914,

e R R e

69]4 6914A

IMAGE-CONVERTER TUBE

Electrostatic Focus Monovoltage Type 2.975" Max. Length
High Resolution S-1 Response 1.905" Max. Diameter

RCA-6914 is a self-focusing image-converter
tube useful in combination with suitable optical
systems forviewing 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 ob-
jective. The image on
the photocathode iselec—
trostatically 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 applied
between its two terminals, and remains in focus
with any applied voltage in the operating range
from 8000 to 16000 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 dc
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, thevalue of operating power is about
10 milliwatts at 16000 volts.

Features of the 6914 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 pincushion
distortion. These features, together with those

RADIO CORPORATION OF AMERICA

® Electronic Components and Devices Harrison, N. J.

of small size, low power requirements, and self-
focusing over a wide range of operating voltage,
make the 6914 especially useful in portable
equipment.

DATA
General:
Spectral Respons®, « « s & « o & & & & & & @« » # .5~1
Wavelength of Maximum Response . . . 8000 %1000 angstroms
Photocathode, Semitransparent:
Shape. v w o« w o o = o @ o .Convexo-Concave ==
Minimum useful diameter. . . . . . . . . . . . . 1.000"
Fluorescent Screen:
Shape. s W o s % s @ ¥ @ @ .Plano-Plano ==
Minimum useful diameter. . . . . . . . . . . . . 0.860"
PROSPROF v « o « w o = o« s = « w o o = <P20, Aluminized
Fluorescence . . . « « +. « + « « « « « . Yellow-Green
Phosphorescence. . . . . . . + .+ . . . . Yellow—Green
Persistence. . . . . . . . . . . . . . Medium-Short
Focusing Method (Self-focusing). . . . . . .Electrostatic
overall Length « ¢ ww s ® s % &« & & ww 2.925% £:0,050"
Greatest Diameter. . . . . « &« + ¢« « » « 1.,880" % 0.025"
Terminals. . . . . « « +« « « . . .See Dimensional Outline
Operating Position o « « « « & & @ o « « o @ & w s wADY
Welght (ApproXs) i s 0 o 6 5 o s 5 @ s w % 56 s & &« 302

Maximum Ratings, Absolute-Maximum Values:2

For altitude up to 10000 feet
ANODE VOLTAGE:D

Average (DC) . . . . . . . . . 16000 max. volts

Peak Instantaneous . . . . . . 17000 max. volts
AVERAGE PHOTOCATHODE CURRENT

(continuous operation)€. . . . 0.35 max. LA
PEAK PHOTOCATHODE CURRENTd @ W 8 3.5 max. KA
AMBIENT-TEMPERATURE RANGE. . . . -5U4 to +68 9
Characteristics at Ambient Temperature of 22° C:
Anode Voltage (pc)b. . . . . . . 16000 volts
Typical Paraxial Magnification

Factore. NItk R 0.76
Minimum Conversion Indexf. o @3 15
Minimum Resolution9. . . . . . . 25 line-pairs

per mm

Maximum Quotienth of Screen
Background by Conversion

Index. . . . 2.5x10"7 Tumen/cm?

2 The maximunm ratings in the tabulated dataareestablished

in accordance with the following definition of the Abso-
lute-Maximum Rating System for rating electron devices.
Absolute-Maximum ratings are 1imiting values of operating
and environmental conditions applicable to any electronm:
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, environmental
variations, and the effects of changes in operating
conditions due to variations in device characteristics.

<= |Indicates a change.

Trademark(s) ® Registered 6914, 6914A 8-65
Marca(s) Registrada(s) Printed in U.S.A.



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.

Referred to photocathode.

(2]

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 1ife of the tubes. No single time period
during which this current is drawn should exceed 2 minutes.

Defined as the ratio of the linear size of the image
on the fluorescent screen to thelinear size of the image
on the photocathode. The image on the photocathode
consists of two parallel lines 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 lines.

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 filter factor of 11.6 per cent.
The light source is a tungsten-filament lamp operated
at a color temperature of 28700 K.

9 The resolution, both horizontally and vertically in a
0.24—inch—diameter circle centered on the photocathode,
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".
h 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 incident illumination
from a 28700 K source required to produce an increase
in screen brightness equal to the screen background.

OPERATING CONSIDERATIONS

The 6914 should be handled by the

Fingerprints on theglass should
be avoided since they cause leakage current,
corona, and higher screen background. Tominimize
the possibility of leakage current and corona,

Handling.
metal terminals.

the external surface of the glass side wall is
A
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Fig.1 - Spectral Sensitivity Characteristic of
Type 6914 which has S-1 Response. (Curve 1s
shown for Equal Values of Radiant Power at
All Wavelengths.

coated with a transparent, non-hygroscopic film.
This film should be cleaned only with a soft
dry cloth.

The spectral response of the 6914 is shown
by the curve of Fig.l.

The fluorescent screen employs the fine-grain
phosphor P20which fluoresces to produce a yel low—
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Fig.2 - Spectral-Energy Emission Characteristic
of Phosphor Pzo.
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Fig.3-Persistence Characteristic of Phosphor Pzo.

green luminescence. |t has good visual qualities
aswell 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 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 6914 to intense incident-
radiation levels may temporarily decrease the
tube's sensitivity eventhough there isno 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.

Connections tothe 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. LUMEN FROM 2870° K TUNGSTEN SOURCE
INCIDENT ON CORNING N22540 INFRARED FILTER.
IRRADIATED PHOTOCATHODE AREA HAS DIAMETER OF 3/4 INCH.
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Fig.q4 - Typical Characteristic of Type 6914.

by spring fingers engaging therimorthe 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 isintended to point out some of the areas that
must be considered when designing a mounting
arrangement. For example, toavoidcoronaeffects,
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 ex—
tends from the photocathode flange to the slight
indentation in the tube envelope.
fixture at anode potential must,
insulated fromthis areaof thebulb.
holding the tube in compression may be as high as
40 pounds. However, only the minimum amount of
uniformly distributed pressure necessary to hold

Any mounting
therefore, be
The pressure

the tube firmly in position for a given appli-
cation should be employed.

The dc supply voltage for the 6914 may be
obtained fromasuitable high-voltage power—supply

unit. Such units are offered commercially by
several manufacturers listed in buyers' guides.
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Fig.5 - Typical Characteristics of Type 6914.

The high voltage at which the 6914 1s operated
may be very dangerous. Greatcare shouldbe 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 6914, it
should always be remembered that high voltage
may appear at normally 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.

low—potential
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INSULATING MATERIAL

CATHODE CONTACT

SPRING ANODE CONTACT
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Fig.6.

TERMINAL CONNECTIONS

(See Dimensional QOutline)

DIRECTION OF INCIDENT RADIATION:
PERPENDICULAR TO
PHOTOCATHODE END OF TUBE

SCREEN
[ G2CL }ANODE

LI K,G)|

CL: COLLECTOR

Gy: GRID No.1 (§ocu3|uc
ELECTRODE
G,: 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
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NOTE 1I:
FACEPLATE THICKNESS AT CENTER IS 0.065" £ 0.004",

NOTE 2: THREE INSULATED LEAD TIPS WILL NOT EXTEND BEYOND

RADIUS OF CURVATURE OF FACEPLATE IS 2.38" £0.05",

MAXIMUM 0.D. OF TUBE.
MANUFACTURE.

NOTE 3: DEPTH IS MEASURED TO TANGENT OF THE TWO RADII.

LEADS ARE USED ONLY DURING TUBE

NOTE Y4: DIAMETER |S MEASURED TO TANGENT OF THE TWO RADII.
NOTE 5: THE EXHAUST TIP WILL NOT EXTEND BEYOND MAX. DIA.
OF TUBE.

6914A

The 6914A is an image—-converter tube |ike RCA-6914 except that it is
processed and tested to meet the following special-performance test:

Max. Luminous Equivalent of Infrared Radiation

for Threshold Visibility*. . . . . . « « . . . 4.1 x 10-11 I umen
* Radiation from a tungsten lamp operating at a color temperature of 2870° K is passed
through a Corning No.2540 Infrared Filter and focused toapoint 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 until 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 areceiver having S—1 spectral response.



This bulletin also applies to RCA-4477 except that
the minimum resolution ratingof the 4477, at an anode
voltage of 12000 volts dc, is 60 line-pairs per mm.
The 477 is Unilaterally Interchangeable with the 6925

4477

Electrostatic Focus
High Resolution

Monovoltage Type
S-1 Response

RCA-6929
IMAGE-CONVERTER TUBE

2.335"Max. Length
1.375" Max. Diameter

RCA-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 screenat the other
end of the tube by electron-
optical methods to form a
reduced image which can be
viewed with an optical magni-
The inverted image produced by the optical
system on the photocathode is reinverted by the
6929 to give an observed image that is erect.

fier.

The 6929 is a monovoltage type, 1.e., 1t
operates with only a single voltage applied be-
tween 1ts 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 dc
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. Under typical view-
ing conditions, the value of operating power 1is
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 1in
portable equipment.

DATA
General:

Spectral Response. . . . . I - i |
Wavelength of Maximum Besponse ‘ 8000 +1000 angstroms

s

RADIO CORPORATION OF AMERICA

Electronic Components and Devices Harrison, N. J.

Photocathode, Semitransparent:
Shape. « « « + & ¢ B % e e w8
Minimum useful dlameter

Fluorescent Screen:

Shape. . . . . 5 & .Plano-Plano
Minimum useful dlameter. & @R e w % m o« Q570"
Phosphor ¢ « o o s o o o % & « o P20 Aluminized
Fluorescence . c . Yellow-Green
Phosphorescence. . . . . . . . . . . Yellow-Green
Persistence. . . # . Medium-Short

Focusing Method (Self- focu51ng) . .Electrostatic

Overall Length « &« o s o « & ¢ & » o & 2.,285"%0:050"

Greatest Diameter. . . . . . . . s 1.,350" *0.025"

Terminals. . « o .See Dimensional Outline

Operating Position « « + « ¢ o ¢ ¢ ¢ ¢ ¢« o« o« « o ANy

.Convexo-Concave

. 0.750"

Weight (Approx.) « s s o« o s & & & & s = « o« ¢ 1ib Oz
Maximum Ratings, 4bsolute-Maximum Values:2
ANODE VOLTAGE:b
Average (DC) . o @ e 12500 max. volts
Peak instantaneous . . 13000 max. volts
AVERAGE PHOTOCATHODE CLBRENT
(Continuous operation)C. . 0.35 max. KA
AMBIENT TEMPERATURE. . . . . . . . 75 max. °%c

Characteristics at Ambient Temperature of 22° C:
Anode Voltage @Y. | . .. 12000
Typical Paraxial Magnlflcatlon

volts

Factord. . . s @ o w o oww OV
Minimum Converslon Index®. . . . . 10
Minimum Resolutionf. . 25 line-pairs
per mm
Maximum Quotient9 of Screen Back-
ground by Conversion Index . 3.3x10-7 lumen/
cm

2 The maximum ratingsin 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, anJ)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, 3 the effects of changes in
erating condltlons due to variations in gevice
Earacteristics

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 varlatlon, e ulpment 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. The fluorescent screen employs the fine-grain
c phosphor P20 which fluoresces toproduce a yellow-
d Defined as the ratio of the linear size of the image green lumﬁ?eifince It has good Vlsuil qualltlis
on the fluorescent screen to the linear size of the as well as 1gh luminous efficiency. The spectral-
image on the photocathode. The image on the photo- energy emission characteristic of phosphor P20 1is

cathode consists of two parallel lines 0.08" long, shown inFig.2 and its persistence characteristic
each located 0.08" from the tube axis. Size of the o Fig. 3 g p

image on the fluorescent screen is determined by LI ELE
measuring the spacing between the two parallel lines.

Averaged over any interval of 10 seconds maximum,

Ratio of luminous flux from fluorescent screen to —— C.I1.E. COORDINATES
the product of the luminous flux incident on Corning e x | ¥
No.2540 Infrared Filter (Melt No.1613, 2.61 mm thick), [YELLOW-GREEN| 0426 | 0546
or equivalent, and the filter factor of 11.6 per | |
cent. The llght source 1s a tungsten- fllament lamp l

operated at a color temperature of 2870° K.

The resolution, both horizontally and vertically in
a 0.15-inch-diameter circle centered on the photo-
cathode, i1s determined with a pattern consisting of
alternate black and white lines of equal width. Any
two adjacent lines are designated as a "line-pair".

8

9 The value of this quotient for any individual tube
multiplied by the square of the magnification factor
of the tube glves that value of the incident illumi-
nation from a2870° K source required to produce an
increase in screen brightness equal to the screen
background.
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Handling. The 6929 should be handled by the iy~ e S
metal terminals. Fingerprints on the glass should
be avoided since they cause leakage current, Fig.2 - Spectral-Energy Emission Characteristic
corona, and higher screen background. Tominimize of Phosphor P20.
the possibility of leakage current and corona, the
external surface of the glass side wall is coated
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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.4.

GREEN

38 ozcs-soseTe

Fig.1 - Spectral Sensitivity Characteristic of

Type 6929 which has S-1 Response. Curve 1is

shown for Equal Values of Radiant Power at The light output from the 6929 as a function
All Wavelengths. of anode voltage is given in Fig.5.



6929

Subjecting the 6929 to intense incident-
radiation levels may temporarily decrease the
tube's sensitivity even though there isno 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 1is
exposed to radiant energy so great as to cause
excessive heating of the photocathode.
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Fig.4 - Typical Characteristics of Type 6929.

Connections tothe 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 rimor the straight
side of each terminal.

Magnetic shielding of the 6929 1is 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 1ts construction to insure that the case 1is
completely demagnetized.

A mounting-arrangement guide is shown inFig.6.
It 1s intended topoint out some of the areas that
must be considered when designing a mounting
arrangement For example, to avoid coronaeffects,

LIGHT INPUT OF 0. LUMEN FROM 2870° K TUNGSTEN SOURCE
INCIDENT ON CORNING N22540 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 tothe 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 dc 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 highvoltage at which the 6929 is operated
may be very dangerous. Great care should be taken
in the d851gn 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.

o
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MOUNTING ARRANGEMENT GUIDE

INSULATING MATERIAL CATHODE CONTACT

SPRING Zl\NODE CONTACT
92Cs-13222

Fig.6.

TERMINAL CONNECTIONS

(See Dimensional Outline)

DIRECTION OF INCIDENT RADIATION:
PERPENDICULAR TO
PHOTOCATHODE END OF TUBE

SCREEN
1 GaCL ANODE

LI K,G|

cLs
Gi1:

Go:

COLLECTOR

GRID No.1
(FOCUSING ELECTRODE)

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.
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DETAIL A

/F——N}I.ZIO": 005"

J 7o”t’.oao”
NOTE 3

DETAIL B

\_/L—J\—— 1.210” £.005"

NOTE |: RADIUS OF CURVATURE OF FACEPLATE IS 1.230" %
0.005"; FACEPLATE THICKNESS AT CENTER 1S 0.060" £+ 0.004".

NOTE 2: THREE INSULATED LEAD ‘TIPS WILL NOT EXTEND
BEYOND MAXIMUM 0.D. OF TUBE. LEADS ARE USED ONLY
DURING TUBE MANUFACTURE.

NOTE 3: DEPTH ISMEASURED TO TANGENT OF THE TWO RADII.
NOTE 4: TIP WILL NOT EXTEND BEYOND MAXIMUM 0.D. OF TUBE.
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7.2

This bulletin is to be
used in conjunction with
publication RCA Photho-
conductive Cells—|CE-230.

PHOTOCONDUCTIVE CELL

Cadmium-Sul fide, Head-On Type
S-15 Response

RCA-6957
head-on type of cadmium-

is a sturdy,

sulfide photoconductive
cell intended for use in
street-lighting control and
in a variety of industrial
light-operated control
applications.
high illumination sensi-
tivity, the 6957 is capable

of direct relay operation

Featuring

without the use of an ampli-
fier. The spectral response
of the 6957 covers the
approximate range from
3300 to 7400 angstroms.
Maximum response occurs at

Actual Size

about 5800 angstroms.

DATA

General:

Spectral Response. . . . . . . 5 & % & & $-15
wWavelength of Maximum Response 5800 * 500 angstroms
Sensitive Surface, Including Metallic Electrodes:

Shape. . § B B b & # . = . = o« o« « «ReECctangular
Length (Minimum) . . . . . ¥ o s 0650 T
Width (Minimum). . . . . . . 0.540 in.

Area (Minimum) . . . . . .. .. .. .. 0.35 sq.in.
Maximum Overall Length . . 5 & B W 2-7/32 in.
Maximum Seated Length. . . . . . . . . . 1-11/16  in.

Seated Length to Plane of
Sensitive Surface. . . . . . .

Maximum Diameter . . . o ¥ W oW @ ow % om ¢ 19732 in.
BUNE @ & o o w 0w @ 0 @ & o @ @ & 5 5 8@ 8 @ s & ® 19
Base . . .lIntermediate-Shell Octal 5-Pin (JEDEC No.B5-10)
operating POSTYEON » o w w o w v o @ 5 ¢« = & » @ « wANY
Welght (Approx.) « « = s & s s = ® s % 5 0.9 oz

Maximum Ratings, 4bsolute-Maximum Values:2
VOLTAGE BETWEEN TERMINALS

¢ » 1&3/32 in.

(DC or Peak AC). . . . . 250 max. volts
POWER DISSIPATION —
Sensitive surface fully
illuminated:
Continuous service . 0.5 max. watt
Demand serviceV. 0.8 max. watt

Sensitive surface partially
illuminated:

Continuous service . . . . . . 1.4 max. watt/sq. in.
Demand service?. . . . . . . . 2.3 max. watt/sq. in.
PHOTOCURRENT « s 5 & 5 @ s s & @ @ 50 max. ma
AMBIENT TEMPERATURE RANGE. -75 to +60 OC

Trademark(s) ® Registered
Marca(s) Registrada(s)

ELECTRON TUBE DIVISION

RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY

Characteristics:

Under conditions withdc voltage of 50 volts be-
tween terminals and ambient temperature of 25°C

Min. Median Max.

Sensitivity:
Mumination€d . . . . . . 2 i 8 ma/fc
Photocurrent®® . . . . . . . - - 20 ua
Rise . . . . . . . . . See Fig.2 of publication 1CE-230
Decay. See Fig.3 of publication I1ICE-230
a

The maximum ratings in the tabulated data are established
in accordance with the following definition of the Abso-
lute-Maximum Rating System for rating electron devices.
Absolute-Maximum ratings are 1imiting valuesof 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
responsibility for equipment variations, environment
variations, and the effects of changes in operating
conditions due to vartations in device characteristics.

The equipment manufacturer should design so that initially
and throughout 1ife 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.

The demand rating may be utilized twice every 24 hours
for a period of 20 minutes each time provided the
interval between demand periods is not less than 4 hours.

This characteristic is determined after the 6957 has
been exposed to 50 to 100 footcandle illumination (white
fluorescent light) for a period of 4 to 5 hours.

For conditions where the light source is a tungsten—
filament 1amp operated at a color temperature of 2870° K.
Incident illumination is 1 footcandle.

Measured 10 seconds after removal of incident illumination
of 1 footcandle.
DEFINITION

Illumination Sensitivity. The quotientof output current by
the incident illumination, at constant electrode voltages.

OPERATING CONSIDERATIONS

Photocurrent as a function of voltage between
terminals at di fferent valuesofcell illumination,
and cell resistance (dc) as a function of cell
illumination are shown in Fig.| and Fig.2,
respectively.

The base pins of the 6957 fit the octal
b—contact socket. The socket should be made of
high—-grade, low-leakage material and should be
installed so that incident light falls on the
face end of the cell.

A typical circuit for the 6957 is shown in
Fig.3. In this circuit, the relay is normally
energized when the light is incident on the cell.

6957 5-61
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When the light
level

relay operates.

is interrupted or when the
decreases to a predetermined value,

light
the

The potentiometer is employed

LIGHT SOURCE IS A TUNGSTEN—FILAMENT LAMP

OPERATED AT A COLOR TEMPERATURE OF 2870° K.
AMBIENT TEMPERATURE =25° C
SENSITIVE SURFACE OF CELL FULLY ILLUMINATED.
DC OPERATION
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Fig.1- Average Characteristics

of Type 6957.

to permit adjustment of the photocurrent. The
circuit of Fig.3 operates with light levels as
low as | footcandle.
LIGHT SOURCE IS A TUNGSTEN-FILAMENT LAMP
OPERATED AT A COLOR TEMPERATURE OF 2870° K.
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Fig.2- Average Cell Resistance (DC)
of Type 6957.



PHOTOCELL

"n7v
AC
pc*
RELAY
*THE RELAY FRAME IS AT ARMATURE 10
POTENTIAL AND SHOULD BE CONTROLLED
INSULATED FROM A COMMON CIRCUIT
CHASSIS FOR SAFETY REASONS.
92CS-11096
C : 8 uf, electrolytic, 250 volts (dc working)
Rlz 5.6 ohms, 1 watt
RZ: 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.g3-Typical High-Sensitivity Circuit
for Type 6957.
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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 BY ANGULAR TOLERANCE (MEASURED
ABOUT THE CELL AXIS) OF % 10°.

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.







PHOTOCONDUCTIVE CELLS

Cadmium-Sulfide Types
S-15 Response

Information shown on these pages 1s to be used in con-
junction with the attached technical bulletin only.

RCA cadmium-sulfide photoconductive cells sitive cadmium—sulfide is located between metal-

are designed for use in a variety of light-oper- lic electrodes.
ated control applications. Cells of this type Rise time for cell photocurrent to reach a
Peatuire i steady value after excitation is applied is a
® high toextremely high illumination sensitivity function of illumination as shown in Fig.2.
° : : : ;
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? | Photocurrent decay after removal of excita-
s f i tion is a function of time and illumination as
< 40 shown in Fig.3.
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Cell Response to pulsed light is shown in
Fig.4.
CURVES ARE INDEPENDENT OF VOLTAGE.
AMBIENT TEMPERATURE =25° C
CURVE | ILLUMINATION— FOOTCANDLES *
A 0.0
B 0.l
c |
) 10
E 100
¥ COLOR TEMPERATURE 2870° K.
=
rd
w100 —
g e
Dl:'l 1 N E
84 4 ~ N
L N B DY
go h ™ C™N
oF o= N
A
wX 6 B
23 4
Ea
b 2 >
w
x|
4 4 8 2 4 8 2 4 4 68
0.0l 0.1 i 10 100 1000
LIGHT PULSES PER SECOND—"ON” TIME EQUALS “OFF” TIME
92CS-9534

Fig.4 - Response Characteristics of Cadmium-—
Sulfide Cell to Pulsed Light.

The effect of ambient temperature on cell
sensitivity is shown in Fig.b.

The angle of view of the cell
by use of a hood of the desired
front of the sensitive surface.

may be narrowed
length placed in

If the source of radiation is some distance
from the cell, the use of alight-collecting lens
system may be desirable to utilize more effec-
tively the available radiation. However, when
such a system is used the radiation should not
be focused onto such a small area that localized
overheating of the sensitive surface may result
with consequent adverse affects on itscharacter-
istics. Exposure of these cells to radiation
(even without voltage applied) so intense as to
cause excessive heating of the cells may perma-
nently damage them.

For a given illumination, the output current
will have its highest value when the incident
illumination isnormal (angle of incidence is 0°)
to the face of the cell. For greater angles of
incidence, the output current decreases. The

decrease depends upon several factors including

the angle of incidence of the illumination, the
amount of illumination, and the area of sensitive
surface illuminated.
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Fig.5 < Typical Characteristics of
Cadmium—Sulfide Cell.
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7008

MAGNETRON

Integral Magnet
Forced-Air Cooled

Servo Tunable
8500 - 9600 Mc
For Pulsed-0Oscillator Service

220 Kw Peak
Power Qutput

TENTATIVE DATA

RCA-7008 is a tunable magnetron intended for
service as a pulsed oscillator 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 while it is in
operation.

The 7008 operates with high efficiency and
with full power ratings at pulse durations up to
2.75 microseconds. |t has a maximum peak input
power rating of 630 kilowatts, a maximum peak
anode voltage ratingof 23 kilovolts, 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 kilovolts, the 7008 is capable of
giving a peak power output of approximately 220
kilowatts.

The design of the 7008 features excellent
stability atahigh rate of rise of anode voltage
and provides good spectrum shape, low pushing
figure, good frequency stabilization, 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-
cludes a servo-drive shaftwith 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-H2A/U choke flange. A double-
helical heater minimizes mechanical resonance of
the heater and reduces hum modulation at the
power—Iline 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 will operate without electrical break-
down at atmospheric pressures as low as 600 mm
of mercury.

The 7008 is electrically similar to tun-
able type 6865-A as well as to the fixed-fre-
quency type 4J50 and has a similar mounting
arrangement.

TMK ®), Marca Registrada
Printed in U.S.A

GENERAL DATA

Electrical:

Heater, for Unipotential Cathode:
voltage (AC or DC). 13.75 ¢+ 10% volts
Current at 13.75 volts. 3.15 amperes

Starting Current. .The maximum instantaneous starting
current must never exceed 12 amperes even momentarily

Minimum Cathode Heating Time. . . 25 minutes
Frequency . 8500 — 9600 Mc
Max imum Frequency Pulllng at

VSWR of 1.5 . . i @ oW . 15 Mc
Mechanical:
Operating Position. . . . . . . . Any
DI MENSIORS: w i & % & & @ & @ & % See Dzmenszonal Outline
Air Flow:

Through Ducts--An air stream should be directed through
each of the cooling ducts provided on the tube. Ade-
quate flow should be provided so that the temperature
of the anode block does not exceed 1500 C. Typical air-
flow requirements are shown in Fig.1.

To Heater-Cathode Terminal--Adequate flow should be pro-—
vided to maintain the temperature of the heater-cathode
terminal below 1659 C.

waveguide Output Flange . Mates with Modified JAN
UG-52A/U Flange
Servo-Drive Shaft with Associated Calibrated Indicator:
Revolutions (Approx.) to cover fu]l
range of 8500 to 9600 Mc. . . . & s owow b e 3w 160

Max imum Torque (Absolute) at tunlng-

range stops P 192 oz-in.
Typical Torque between —55° and

+1509 ¢ (QpproX.) = s = & #» & s & @ 6 oz—in.

Weight (Approx.). « « « v v v v o o « . 13 1bs

PULSED OSCILLATOR SERVICE

Maximum and Minimum Ratings, Absolute Values:
For Duty Cycle up to 0.0011 max.

PEAK ANODE VOLTAGE. . . « .« « .+ . . 23 max. kv
PEAK ANODE CURRENT. 27.5 max. amp
PEAK POWER INPUT® . < W E s 630 max. kw
AVERAGE POWER INPUT . . « o « . . . 0.630 max. kw
PULSE DURATION. . . . . 2.75 max. usec
RATE OF RISE OF VOLTAGE PULSE
For pulse duration of 225 max. kv/usec
1 psec or less. s o s { 70 min. kv/usec
For pulse duration greater 200 max. kv/psec
than 1 usec . P { 70 min. kv/usec
ANODE—-BLOCK TEMPERATURE . . . . . . 150 max. oc
HEATER—CATHODE TERMINAL TEMPERATURE 165 max. oc
LOAD VOLTAGE STANDING WAVE RATI0. . 1.5 max.

Typical Operation? with Load Voltage Standing Wave Ratio
Equal to or Less than 1.05, except as noted:

With Duty Cycle of 0.001

ELECTRON TUBE DIVISION

RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY

Heater Voltage. . . . & g . o @ 8w .See Text
Peak Anode Voltage. . . . . . 22 22 kv
Peak Anode Current. 27.5 27.5 amp

7008 12-57




Pulse Repetition Rate . . . 400 4000 cps

Pulse Duration. . . . . . . . 2.5 0.25 psec
RF Bandwidth with worst

phasing of 1.5 VSWR . . . . 0.5 5 Mc
Side Lobes with worst phasing

of 1.5 VSWR . . . . . . . . 8 10 db
Pulling Figureat VSWR of 1.5. 10 10 Mc
Pushing Figure. . . + « « . . 0.2 0.2 Mc /amp

Thermal Factor for any 30°
range of anode-block tem—
perature betweén -55° ¢ and

180076, s s ¢ 3 & mé 5 & 0.2 0.2 Mc/Cc
Servo-Drive-Shaft Torque. . . 6 oz-in.
Frequency Deviation due to

Tuning Backlash . . . . . . 8 8 Mc
Peak Power Output (Approx.) . 220 220 kw

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN

Note Min. Max.

Heater Current. . . « « ¢ « & 1 2.8 3.5 amp
peak Anode Voltage. . . . . . 2 20 23 kv
Peak Power Qutput . . . . . . 3 180 - kw
pulses Missing from Total . . 4,5 - 0425 %
Note 1: With 13.75 volts ac or dc on heater.

Note 2: With peak anode current of 27.5 amperes. For
heater voltage, see page 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° ¢ approx.,
pulse duration of 2.5 microseconds, and max imum
load voltage standing wave ratio equal toor less
than 1.05. For heater voltage, see page 5.

Pulses are considered to be missing if the energy
level at the operating frequency is less than 70%
of the normal value.

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 instability. For heater voltage,
see page 5.

Note 3:

Note u:

Note 5:

® ror atmospheric pressure greater than 600 millimeters
of mercury in the vicinity of the heater—cathode stem.
operation at pressures lower than 600 millimeters 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.

# |t is essential that the input circuit be designed so
that if arcing occurs the energy per pulse delivered 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 CONS IDERATIONS

The maximum ratings shown in the tabulated
data are limiting values above which the service—
ability of the 7008 may be impaired from the
viewpoint of |ife and satisfactory performance.
Therefore, in order not to exceed these absolute
ratings, the equipment designer has the responsi-—

bility of determining an average design value
below each absolute rating by an amount such that
the absolute values will 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 oper-—
ated 1s very dangerous. Great care should be

taken in the design of 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. |f this
precaution is not followed, 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
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Fig.1-Typical Cooling Requirements for Anode
Block of Type 7008 With Duct Arrangement
Described in Text.

materials and to use non-ferrous tools during
installation. Failure 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 cooling 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 strainonthe cathode assembly
will weaken the structure and will result in
permanent damage to the tube.

Care should be taken to prevent any foreign
matter or corrosive substances from entering the



recessed cathode terminal or from lodging in the the mounting surface. Captive 1/4" —-20 bolts
opening in the waveguide output flange. As a are providedat the cornersof the mounting flange
for mounting the magnetron. These four mounting

T T T T T T I T T T T T T bolts are held in position during shipment of

[T ANODE KILOVOLTS (APPROX.)=22 i i i

::PEAKANODEAMPHES:ZIg the 7008 by plastic sleeving which also serves

- PULSE DURATION:1 MICROSECOND to protect the bolt threads.

[T PULSE REPETITION RATE:I000PPS

[T CATHODE WAR T . .

SO A e THBE Fastening the JAN RG-H51/U waveguide to the
waveguide output flange of the tube is accom-
plished in the following manner. A JAN UG-52A/U
choke flange or equivalent should be modified by
drilling out the screw threads from the four
mounting holes in the choke flange using a No.I5
drill. This operationwill permit four size 8-32
bolts inserted through the flange mounting holes,
to engage the threaded waveguide output flange
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Fig.2 - Typical Stabilization Characteristic 9310 <
of Type 7008. N
N
safeguard, it is recommended that the protective
dust cover over this flange be deft on until the 9300 N
tube is ready to be mounted in the equipment. N
The approximate weight of the7008 is: packed for
shipment, 19-1/2 pounds; and unpacked, |3 pounds.
. . 9290
Mounting of the 7008 should be accomplished 50 0 50 100 150
by means of the mounting flange which may be ANODE-BLOCK TEMPERATURE — °C

positioned to operate the tube in any orientation.
This flange is made to permit use of the 7008 in
applications requiring a pressure seal. Care
should be taken by the equipment designer to in—
sure that the tube ismounted on a surface having
adequate flatness soas to avoid possible distor-
tion of the mounting flange when it is bolted to

92C5-9285
Fig.3 - Typical Thermal-Factor Characteristic
of Type #%008.

of the tube. |t is recommended that the choke
flange be sufficiently tight to avoid arcing and




othercontact effects. Before the choke flange is
fastened to the waveguide output flange 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.

IS NN NN
FREQUENCY RANGE: 8500-9600 Mc
PULLING FIGURE: 5 Mc
WAVEGUIDE: JAN RG-51/U

TTTTTTTTT
|

111

o

When a new tube 1s first placed 1in service,
it is recommended that thepulse voltage be raised
gradually to minimize possible arcing within the
tube. |fthere isevidence of arcing, operate the
tube with reduced input for aperiod of from I5 to
30 minutes after which arcing usually ceases.

A heater starter should be used to raise the
voltage gradually and to limit the instantaneous
starting current through the heater when the cir-
cuit 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-

1 RECOMMENDED
OPERATING REGION:

VOLTAGE STANDING WAVE RATIO ||

o 10 20 30 40
LINE LENGTH—FEET

92CS-9469

Fig.gq - Effect of Length of Transmission Line
between Qutput 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 bemade 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 cooling air should be provided
through the ducts to maintain the temperature of
the anode block below 1560° C under any condition
of operation. Failureto provide adequate cooling
will impairtube life. Fig.| shows typical cool-
ing requirements for the anode block of the 7008.
Cooling 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
drive shaft of the 7008 by using aflexible coupling
drilled for a 3/16-inch diameter shaft and held
in place by asetscrew. When the magnetron isin-
stalled 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 same frequency before thedrive-
coupling 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.lI15364
with built-in capacitor, or equivalent. Unless
flexible leads are used, the heater and heater-
cathode seals may be damaged.

* Manufactured by uUcinite Div. of United—Carr Fastener

Corp., Newtonville 60, Mass.

former, or a simple rheostat. Regardless of the
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Fig.5 - Typical Performance Curves for
Type 7008.

method of control, it is important that the maxi-
mum instantaneous starting current never exceed,
even momentarily, avalue of |2 amperes. Exceed-
ing this value may damage the heater.

o o,



After the heater voltage is raised to its
rated value of 13.75 volts, allow the cathode to
warm up for at least 2-1/2 minutes to make sure
that the cathode reaches operating temperature.
When the cathode has reached full operating tem-
perature, high-voltage pulses, negative with
respect to anode (ground), can be applied to the
heater-cathode terminal. As soon as the 7008
begins to oscillate, the heater voltage (E¢)
should be reduced in accordance with the follow-
ing formula, depending on the average power input
(P;) to the tube:

P.
P; up to 450 watts: Ef = 13.75 (I - ——) volts
450

Pi greater than 450 watts: E¢ = 0 volts

When the 7008 is oscillating, 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. Failure to start the
tube at rated heater voltage and to reduce the
heater voltage as soon as oscillation starts may
adversely affect tube life.

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 limit 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 applied, the temperature of the tube rises

until a condition of thermal equilibrium is
reached. Duringthis period, the physical dimen-
sions of the tube change and thus cause the
resonant frequency of the anode structure to

FREQUENCY (Mc) = 8500
PEAK ANODE AMPERES =27.5
PULSE DURATION (WSEC)=2.5

PHASE OF LOAD MEASURED
IN FRACTIONS OF
GUIDE WAVELENGTH

PULSE REPETITION RATE
(PPs) = 400

o
48 S
\ q.’r 04
a4 w Y 58
3 (75K
3, .08

200" CIRCLES OF

s P CONSTANT LOAD
.40 REFLECTION
COEFFICIENT
ANT|- 250 (VSWR)
SINK 1?2
o '° i
367 3.0 INSTABILITY)
0\ \.IG
> ¢
32
FYLE
20
.28
24

= LINES OF CONSTANT FREQUENCY
=====—=—LINES OF CONSTANT PEAK POWER OUTPUT

Fig.7=-Rieke Diagram for Type 7008.

change. The time required for stabilization 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 applied 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. |f the anode-cir-
cuit return is made to the heater terminal, all
of the anode current will flow through the heater
and may cause heater burnout.

The leads between the pulse 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 supplied
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-
bility. Modulation of the mean pulse voltage from
pulse to pulse should be held to a minimum. The
trailing edge of the voltage pulse should de-
crease rapidly to produce the best frequency



High positive peaks in the ripple, or
if ex—

spectrum.
backswing following the voltage pulse,
cessive, may cause instability or noise.

The 7008 should be operated with a well-
matched load. Tube |ife and reliability will be

increased if the VSWR of the load is kept near
e e
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Fig.8 — Representative Tuning Characteristic
of Type %7008.

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 [.5.

The use of an electrically long transmission
line between the output of a magnetron and its
load cancause frequency instability with result-
ing deterioration of spectrum. Such unsatis-
factory operation has been called "long-line

effect". The extent to which "long—line effect"
is exhibited depends on three factors: the
pulling figure or degree of coupling of the load

to the oscillator, the length of line between an
impedance discontinuity and the tube, and the
degree of impedance discontinuity. Fig.4 indi-
cates the effect of length of transmission line
between output flange and load on the allowable
voltage standing wave ratio.

For optimum performance, the pulse-generating
equipment, pulse line, pulse transformer, the
magnetron, and the associated circuitry should
all be considered as a unit and be designed to
work together.

Typical performance 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 pulling 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 until the setting of
the indicator is reached corresponding to the
desired frequency. For precisetuning 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 of 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 1500 C. Mechanical stops
are provided at each end of the tuning range.

Torque applied to these stops and the starting
torque must not exceed
inertial

192 ounce—inches (| foot-

pound) including effects.
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Fig.g - Waveforms Showing Smooth
Peak Value, Trailing Edge, Backswing,
and Pulse Width.

Our engineers are ready to assist you in
circuit applications of the RCA-7008. For further
information, write to Commercial Engineering, RCA,
Harrison, New Jersey, giving complete details as
to the proposed service.



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 jillustrated 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 of Rise of Voltage Pulse. The steepest
slope of the voltage pulse leading edge above
50 per cent of the smooth peak value.

Measurement of the rate of rise of voltage
should be made using a capacitance divider with
an input capacitance not exceeding 6 uuf. An
oscilloscope of sufficient bandpass, such as the
Tektronix 517 or equivalent, should be used.

REFERENCES

J. B. Fisk, H. D. Hagstrom, andL. A. Hartman, "The Magne-
tron as Generator of Centimeter KWaves"”, The Bell System
Technical Journal, Vol.XXV, No.2, pp.167-348, April, 19u6.
George B. Collins (Editor) "Microwave Magnetrons", McGraw—
Hill Book Company, Inc., 1948.

Joseph F. Hull, Gabriel Novick, and Richard Cordray, "How
Long-Line Effect Impairs Tunable Radar’, Electronics,
vol.27, No.2, p.168, February, 1954.

NOTES FOR DIMENSIONAL OUTLINE

For Dimensional Qutline, 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—
pendicular to plane A and passes through the exact centers
of mounting-flange holes No.2 & 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.lY 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 will be

within the confines of a cylinder whose radius is 3/64"
and whose axis is perpendicular to reference plane A at

the specified location.
NOTE 3:

A1l points on mounting flange will lie within

0.015" above or below reference plane A.

NOTE 4:
deviations.
NOTE 5:

The limits include annular as well as lateral

Thesedimensionsdefine extremities of the 0.169"

internal diameter of the cylindrical heater terminal.

NOTE 6:

Thesedimensions define éxtremities of thé 0.540"

internal diameter of the cylindrical 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 1ip.
NOTE 8:

The heater terminal and the heater-cathode ter-—

minal are concentric with 0.010".

NOTE O:
frequency.

NOTE 10:
guide and anode block.

NOTE 11:

here.

Clockwise rotation of drive shaft decreases
Anode temperature measured at junction of wave-—

Temperature of heater—cathode terminal measured

Devices and arrangements shown or described herein may

use patents of RCA or others.

Information contained

herein is furnished without responsibility by RCA for
its use and without prejudice to RCA's patent rights.




DIMENSIONAL OUTLINE

For Notes, see page 7
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7094

BEAM POWER TUBE

High Power Gain

500 Watts CW Input (ICAS) Up to 60 Mc
335 Watts CW Input (ICAS) at 175 Mc

5" Max. Length

. . 2.56" Max. Diameter
Sturdy Structure Forced-Air Cooled at Max. Ratings 36
RCA-7094 is a high—-perveance beam power tube Grid No.2 & internal shield
with high power gain. It is useful in fixed and to cathede and-heater « » « » 2.0 nuf
. . Yo Plate to cathode and heater . . 0.2 puf
mobile equipment as an rf power amplifier and
oscillator, as well as Mechanical:
an af power amplifier and Operat ing Position. o« « o o o o o « o w o & &« w0 o & w AGY
modulator. Maxcimum ‘Overall Lengthe &« « s ww 3 % 8 © & & 9 @ 5 o 5%

The 7094 has a maxi-—
mum plate dissipation of
125 watts under ICAS
conditions in modulator
service and incw service.
In the latter service it
can be operated with full
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 small driving
power.

Small and compact
for its power-output capa-
bility, 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 cooling, 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 facilitate separation of input and
output circuits.
GENERAL DATA

Electrical:
Heater, for Unipotential Cathode:

voltage (AC or DE)s « o« « = w 6.3 + 10% volts

Current at 6.3 volts: « « ¢ « s 2.85 amperes
Mu-Factor, Grid No.2 to Grid No.1

for plate volts = 300, grid=No.2

volts =300, and plate ma = 150. . v
Direct Interelectrode Capacitances

(With no external shield

Approx.):

Grid No.1 to plates = + & « & = 0.6 upt

Grid No.1 to grlﬁ No.2 &

internal shield . . " 11 up f
Grid No.1 to cathode and heater. 8.5 upf
Grid No.2 & internal shield
PO plates w o« o » 5 s ¥ % € v 9.5 et

Trademark(s) ® Registered
Marca(s) Registrada(s)

Seated Length « +« s o w o & & 5 = = w < = L.0UY & 0.08"
Maximum Diameter. . . . « o . o o, o w8 . 256"
Bas€é. .« . . . .Jumbo-Button Sap ar 7-Pin (JEDEC No E7-46)
Socket. . Johnson Nos. 122-247 or 122-2ug* , or equivalent
Weight (AppioXs)s s o 5 o % s o 5 & & & » 6 0z
Bulb Temperature (At hottest point) . . . . 250 max. OC
Cooling: Free circulation of air around the tute isre-

quared Under operating conditions at maximum

ratings, some forced-air coolingwill be required

from asma]l fanto prevent exceeding the speci-
fied maximum bulb temperature.

AF POWER AMPLIFIER & MODULATOR — Class
cesb 1c45°
d

AB|?

Maximum Ratings, 4bsolute-Maximum Values:

ELECTRON TUBE DIVISION

RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY

BE PLATE VOLTAGE: & s & 1500 max. 2000 max. volts
DC GRID-No.2 VOLTAGE. . 400 max. 400 max. volts
MAX.-SIGNAL DC PLATE
CURRENTC. « « = 350 max. 350 max. ma
MAX.-SIGNAL PLATE
INPUT®: o o s & & = w 300 max. 400 max. watts
MAX. SIGNAL GRID-No.2
INPUT®: w w w o s w ' 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. volt
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 . 400 400 volts
DC Grid-No.1 Voltaged . -65 -65 volts
Peak AF Grid-No.1-to-
Grid-No.1 Voltage . . 120 120 volts
Zero-Signal DC Plate
Current « « o « = = 60 60 ma
Max.-Signal DC Plate
current. « s » & o @ 400 400 ma
Max.-Signal DC Grid-
No.2 Current. . . « & 70 70 ma
Effective Load Re-
sistance (Plate to
plate)e o & « = » & ® 8700 12000 ohms
Max.-Signal Driving
power (Approx.) . . . 0 0 watts
Max.-Signal Power
output (Approx.). . 410 560 watts
* E.F. Johnson Company, Waseca, Minnesota. Note that the

separate shield rings furnished withthese sockets should
bediscarded since theserings donot accomodate the 7094,

7094 5-61
Printed in U.S.A.




LINEAR RF POWER AMPLIFIER — Class AB;?
Single-Sideband Suppressed-Carrier Service

cesd Ic4sC

Maximum Ratings, 4bsolute-Maximum Values up to 60 Mc:d
DC PLATE VOLTAGE. . . . 1500 max. 2000 max. volts
DC GRID-No.2 VOLTAGE. . 400 max. 400 max. volts
MAX.—=SIGNAL DC PLATE

CURRENT . . . G 5 & 350 max. 350 max. ma
MAX.. SIGNAL PLATE

INPLT S s m oo ® 5 o 300 max. 400 max. watts
MAX.—SIGNAL GRID=No.2

INPUT @ s w w . g 20 max. 20 max. watts
PLATE DISSIPATION o s 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 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.1 Voltage9 . -65 -65 volts
Max.-Signal Peak RF
Grid-No.1 Voltage . . 60 60 volts
Zero-Signal DC Plate
Current . o o <« w e « 30 30 ma
Max.-Signal DC Plate
current & &« & = % & = 200 200 ma
Max.=Signal Grid=No.?2
Current « « = « = @ s 35 35 ma
Effective RF Load Re-—
SSLANGEN w w » w w 4350 6000 ohms

Max.-Signal Driver
Power OQutput

(Approx.) . . . . 3 i i watts
Output=Circuit Ef-

ficiency (Approx.). . 90 90 3
Max.-Signal Useful

Power Output B B

(Approx.) « « « « . . 1857 2504 watts

LINEAR RF POWER AMPLIFIER — Class B
Single-Sideband Suppressed-Carrier Service

High-Mu Triode Connection — Grids No.l and
No.2 Connected Together
cesb I045°

Maximum Ratings, 4bsolute-Maximum Values up to 60 Mc:d

DC PLATE VOLTAGE. . . . 1500 max. 2000 max. volts
MAX. SIGNAL DC PLATE
CURRENT » w o « & o 350 max. 350 max. ma

MAX.-SIGNAL DC GRID
CURRENT (Combined

Grids No.1 & No.2). . 200 max. 200 max. ma
MAX.-SIGNAL PLATE

INPUT & s = 2 & & % 300 max. 400 max. watts
PLATE DISSIPATION v 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.1

& No.2 Voltage. . . . 1350 1750 volts
DC Grids No.1 & No.2

Voltage . « « o & &« = 0 0 velts
Zero-Signal DC Plate

Current = s % s o « = 30 4y ma
Effective RF Load

Resistance: « « « o o 3800 5100 ohms

Max.-Signal DC Plate

current « « « o .« o & 200 200 ma
Max.-Signal DC Grid

Current (Combined

Grids No.1 & No.2). . 140 140 ma
Max.-Signal Peak RF

Cathode-to-Grids—No.1

& No.2 voltage. . . . 50 50 volts

Max.-Signal Driver
POWer Out ut

(Approx. . 15 15 watts
Output— Cerult Ef—
ficiency (Approx.). . 90 90 %

Max.-Signal Useful
Power OQutput - s
(AppProx.) « « o « o & 1607 2109 watts

PLATE-MODULATED RF POWER AMPLIFIER—
Class C Telephony

Carrier conditions per tube for use with
a max. modulation factor of 1.0
ces® 1045°

Maximum Ratings, 4bsolute-Maximum Values:d

For max. platevoltage and max. plate input above 60 Mc,
see Rating Chart I

DC PLATE VOLTAGE. . . . 1000 max. 1200 max. volts
DC GRID No.2 VOLTAGE. . 400 max. 400 max. volts
DC GRID-No.1 VOLTAGE. . =300 max. -300 max. volts
DC PLATE CURRENT. . . . 280 max. 280 max. ma
DC GRID—No.1 CURRENT. . 25 max. 30 max. ma
PLATE INPUT . . ¢ & =« & 250 max. 335 max. watts
GRID=No.2 INPUT . . . . 13.5 max. 13.5 max. watts
PLATE DISSIPATION . . . 67 max. 83 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 at 60 Mc:

DC Plate Voltage. . . . 1000 1200 volts
DC Grid-No.2 Voltagem . 400 400 volts
DC Grid-No.1 Voltagel . -130 -130 volts
Peak RF Grid-No.1
Voltage « ¢« » w s w « 145 150 volts
DC Plate Current. . . . 250 275 ma
DC Grid-No.2 Current. . 20 20 ma
DC Grid-No.1 Current
(Approx.) . . . % 5 5 ma
Driver Power Output
(Approx.)Pk . . . .. 5 5 watts
Output- —Circuit Ef-
ficiency (Approx.). . 90 90 [
Useful Power Output - -
(Approxs) « = « s & « 1654 240 watts
Typical Operation at 75 Mc:
DC Plate Voltage. . . . 700 820 volts
DC Grid-No.2 VoltageM . 400 400 volts
DC Grid-No.1 Voltage™ . -130 -130 volts
DC Plate Current. . . . 250 275 ma
DC Grid-=No.2 Current. . 8 8 ma
C Grid-No.,1 Current
(APProX.e) « o « & o« & 6 6 ma
Driver Powe& Output
(Approx.) i 8 8 watts
Output- —Circuit Ef—
ficiency (Approx.). . 85 85 %
Useful Power Output B .
[KOproKks) » « = s ® @ 1057 135J watts

Maximum Circuit Values:
Grid-No.1-Circuit

RESISLANCET & v & & &« & o o « o 30000 max. ohms

g
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RF POWER AMPLIFIER & 0SC. — Class C Telegraphy’

and

RF POWER AMPLIFIER—Class C FM Telephony
IcAs®

ces

Maximum Ratings, 4bsolute-Maximum Values:

For max. plate voltage and max.

see Rating Chart II

DC PLATE VOLTAGE. . . . 1250
DC GRID—=No.2 VOLTAGE. . 400
DC GRID—-No.1 VOLTAGE. . -300
DC PLATE CURRENT. . . . 340
DC GRID-No.1 CURRENT. . 25
PLATE INPUT . . . . . . 375
GRID=No.2 [NPUT . . . . 20
PLATE DISSIPATION . . . 100
PEAK HEATER-CATHODE
VOLTAGE:
Heater negative with
respect to cathode. 135
Heater positive with
respect to cathode. 138

Typical Operation at 60 Mc:
DC Plate voltage. . . . 1000

DC Grid-No.2 VoltageS . 400
DC Grid-No.1 voltaget . -100
Peak RF Grid—No.1

NOl1LEGe s w & 5 & & = 125
DC Plate Current. . . . 330
DC Grid-No.2 Current. . 20
DC Grid-No.1 Current

(Approx.) « . . . . . 5
Driver Power Output

(Approx.)pPk . P U
OQutput—Circuit Ef—

ficiency (Approx.). . 90
Useful Power Output

(Approx.) « « « « o . 215
Typical Operation at 175 Mc:
DC Plate Voltage. . . . 665
DC Grid-No.2 VoltageS . 400
DC Grid-No.1 Vo]taget v -100
DC Plate Current. . . . 335
DC Grid-No.2 Current. . 8
DC Grid-No.1 Current

(APProx.) « « « o « 5
Driver Power Output

(Approx.)k. . . . . . 8
Output-Circuit Ef-

ficiency (Approx.). . 85
Useful Power Output

(Approx.) « « « o « . 130

Maximum Circuit Values:

Grid-No.1-Circuit
Resistanced . . « ¢« v « o . .

b

d

plate input above

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

max.
max.
1250

400
-100

120
300
18

90
255
875
400

=100
300

85

170

1500
400
-300
340
30
500
20
125

135

135

1500
400
-100

125
330
20

90

340

1000
400
-100

335

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

max.

max.

30000 max.

Plate to cathode and

heater. . « « « « « o« & = - 1..25 uuf
Plate Current . . . . . . 1,3 240 480 ma
Grid-No.2 Current . . . . 1,3 - 55 ma
Grid-No.1 Voltage . . . . i -8 =25 volts
Useful Power Output . . . 1,5 250 - watts

60 Mc, Note 1: With 6.3 volts ac on heater.
Note 2: With dc plate voltage of 300 volts, dc grid—No.2

voltage of 300 volts, and dc plate current of
150 ma.

volts Note 3: With dc plate voltage of 300 volts, dc grid=No.2

volts

volts

voltage of 250 volts, and dc grid-=No.1 voltage
of =5 volts.

Note 4: With dc plate voltage of 300 volts, dc grid-No.2

voltage of 300 volts, and grid-No.1 voltage
adjusted to give plate current of 250 ma.

Note 5: Inasingle-tube, self-excited oscillator circuit

at frequency of 60 Mc and for conditions with dc
plate voltage of 1250 volts, grid-—No.1 resistor
of 12000 ohms, dc grid=-No.1 current of 6.5 to 9.5
ma, and dc grld No.2 voltage adjusted to give a
plate current of 300 ma.

volts
volts
volts

volts
ma
ma

ma

watts

watts

volts
volts
volts
ma
ma

watts

watts

ohms

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN

Heater Current. . . .
Mu-Factor, Grid No. 2 to
Grid Nosl o« ¢ o &« = & » @
Direct Interelectrode
Capacitances (With no
external shield):
Grid No.1 to plate. . . .
Grid No.1 to grid No.2 &
internal shield . . .
Grid No.1 to cathode and
heaters « + & @ % = =
Grid No.2 & internal
shield to plate . . . .
Grid No.2 & internal
shield to cathode
and heater. . . . . .

Note

1

1,2

Min.
2.55

5.3

Max.
3.15

8.6

12.4
10.0

11.4

amp

et
upf
puf

pupf

e f

Subscript 1 indicates that grid-No.1 current does not
flow during any part of the iInput cycle.

Continuous Commercial Service.
Intermittent Commercial and Amateur Service.

The maximum ratings in the tabulated data are es-
tablished inaccordance with the following definition of
the Absolute-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
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
responsnbx]lty 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, equlpment control adJustment load varlatlon,
signal variation, environmental conditions, and varia—
tions in device characteristics.

Averaged over any audio-frequency cycle of sine-wave
form.

Obtained preferably from a fixed supply.
Obtained from a fixed supply.

vSingle-Tone Modulation" operation refers to that class
of amplifier service in which the grid-No.1 input con-
sists of a monofrequency rf signal having constant
amplitude. This signal is produced in a single-side-
band suppressed-carrier system-when a single audio fre-
quency of constant amplitude is applied to the input
of the system.

This value of useful power is measured at load of out-
put circuit having indicated efficiency.

Driver stage is required to supply tube losses and rf
circuit losses. The driver stage should be designed
to provnde an excess of power above the indicated
values to take care of variations in line voltage, in
components, in initial tube characteristics, and in
tube characteristics during life.

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-
mended that this resistor be adjustable to permit ob-
talnlng the desired operating plate current after
initial tuning adjustments are made.

Obtained from a grld No.1 resistor or from a combina—
tion of grid-No.1 resistor with either fixed supply or
cathode reS|stor The combination 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.




p

Indicated values are for operation at 60 Mc. Less
driver power output is required at frequencies below
60 Mc.

When grid No.1 is driven positive the total dc grid—
No.1-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 supplied by a cathode resistor or fixed
supply.

Key—-down conditions per tube without amplitude modula-
tion. Amplitude 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-voltage supply with a voltage divider. If a
series resistor is used, it should be adjustable to
permit obtalnlng the desnred 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 grld No.1 resistor, or from a combina-
tion of grid-No.1 resistor with either fixed supply or
cathode reSIston

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 all covers in place, and deliver—
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 Tempilag. The latter
is made by the Tempil Corporation, 132 W. 22nd
Street, New York Il, N.Y., in the form of liquid
and stick.
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to be noted that the maximum plate input that
can be applied to the 7094 operating at any
given frequency must be chosen, depending on
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circuit efficiency, sothat the plate-dissipation
rating of the 7094 will not be exceeded.

The ratedplate voltage and grid-No.2 voltage
of this tube are high enough to be dangerous.
Care should be taken during adjustment of cir-
cuits, especially when exposed circuit parts are
at high dc 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. Similarly, 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 slightly
higher than normal.
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Fig.2 - Typical Characteristics for
Type 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 shield (see Dimensional Outline) of the
tube will 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-
late thegrid—No. | circuit fromtheplate 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
clip type is recommended.

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 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
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Fig.3 - Typical Plate Characteristics of
Type 70094.

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 oneside 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.2 voltage
separate source,

is obtained from a
the plate voltage should be




applied 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 dc plate input can be held constant to pro-
vide more uniform power output and better per-
formance. A dc milliammeter should be used in
the grid-No.2 circuit so that its current may be
measured and the dc power input determined.

The rf impedance between grid No.2 and the

cathode must be kept low, usually by means of a
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Fig.4 - Typical Characteristics for
Type 7094.

suitable bypass capacitor. |In telephony service
when grid No.2 is modulated, a smaller bypass
capacitor than is used for telegraphy service
may be required in order to avoid excessive af
bypassing. However, if the capacitance value is
too small, rf feedback may occur between plate
and grid No. |, depending on the circuit layout,
operating frequency, and power gain of the stage.
AF bypassing difficulties can usually be elimin-
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 audic
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
amplifier is operated without load, thegrid-No.2
current rises excessively, often to a value which

damages the tube. Therefore, care should be

taken when tuning the 7094 under no-load or
lightly loaded conditions to prevent exceeding
the grid-No.2 input rating of the tube. In this
connection, reduction of the grid-No.2 voltage

will be helpful.
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Fig.5 - 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 capability than the
typical driving power shown 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 coupling 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.



Highest operating efficiency in high—frequency
service, and therefore maximum power output,
will be obtained when the 7094 is operated under
load conditions such that the maximum rated plate
current flows at the plate voltage which will
give maximum rated input.

In plate-modulated class Camplifier service,
the 7094 can be modulated 100 per cent. The
grid-No.2 voltage must bemodulated simultaneously
with theplate voltage so that the ratio of grid-
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Fig.6 - Typical Characteristics for Type %7094
Connected as Triode.

No.2 voltage to plate voltage remains constant.
Modulation of the grid-No.2 voltage can be ac-—
complished 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 well 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 |5 minutes; and that it be
reduced to 80 per cent of normal when the period
is between |5 minutes and 2 hours. For longer
periods, the heater voltage should be turned off.

Push-pull or parallel circuit arrangements
can be used when more radio-frequency power is
required thancan be obtained from a single 7094.
Two 7094's in parallel or push—pull will give
approximately twice the power output of one tube.
The parallel connection requires no increase in
exciting voltage from that required for a single
tube. With either connection, the driving power
required is approximately twice that for a single
tube. The push-pull arrangement has the ad-
vantage of simplifying the balancing of high-—
frequency circuits.
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Fig.7 - Typical Characteristics for Type 7094
Connected as Triode.
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THE REFERENCE AXIS Y=Y' ISDEFINED AS THE AXIS OF THE BASE
PIN GAUGE DESCRIBED IN NOTE 1:

NOTE 1: 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 0.0800" + 0.0005" AND ONE
HOLE 0.1450" + 0.0005" ARRANGED ON A 1,0000" £ 0.0005" CIRCLE
AT SPECIFIED ANGLESWITH TOLERANCE OF + 5°' FOR EACH ANGLE.
GAUGE 1S ALSO PROVIDED WITH A HOLE 0.500" + 0.010" CON-—
CENTRIC WITH PIN CIRCLE WHOSE CENTER IS ON THE AXIS Y=Y'.

NOTE 2: EXHAUST TIP WILL NOT EXTEND BEYOND THE PLANE
WHICH PASSES THROUGH THE ENDS OF THE THREE LONGEST PINS.

BASING DIAGRAM
Bottom View

PIN 5: GRID No.2,
I NTERNAL SHIELD

GRID No.1

PIN 7: GRID No.2,
INTERNAL SHIELD

P: PLATE

'l
=
(e}



———nr

Tube

H-887

RCA-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

Data

General:

Spectral RESPONSE . ... .. i mis Bess i S isRssBiamiioasans S-1

Wavelength of Maximum Response ............ 8000 + 1000 R

Cathode, Semitransparent . ............. Silver-Oxygen-Cesium
Minimumarea . ...........coouiiaiane.nn 1.2in2 (7.7 cm?)
Minimum diameter . .................... 1.24 in (3.1 cm)

Window . ...... ....Lime Glass (Corning® No.0080) or equivalent
i T I IR IT T Plano-Plano
Index of refraction at 5893 angstroms . .............. 1.512

Dynodes:
SUDSIEAE ... » v s wpii 5 B § B r SR G BB a T4 Copper-Beryllium
Secondary-Emitting Surface ............... Beryllium-Oxide
Structure .. .......... Circular-Cage, Electrostatic-Focus Type

Photomultiplier

RCA-7102

10-Stage, Head-On Type Having S-1 Spectral Response

Typical Spectral Response Characteristics
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The dashed portion shown in the above curve of the spectral re-
sponse is not controlled.

Figure 1

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.
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7102

Direct Interelectrode Capacitances (Approx.):

Anode todynode No.10 . ................
Anode to all other electrodes . ............

Maximum Overall Length .. ...............

4.57 in (11.6 cm)

7 pF

Seated Length ............... 3.88in+0.19in (9.8 + 0.48 cm)
MaximumDIamerer . . .5 L s b v iy o 5 enis e acn Seid e w e 1.56 in
BUIB . o viw i s i s ms o im = 3w 6w w i w s s e o T2
Base ............. Small-Shell Duodecal 12-Pin (JEDEC B12-43),
Non-hygroscopic
SOCKBE o vivx e g ene b5 m e wE S Ebyb No0.9058, or equivalent
Magnetic Shield ............ Millen® No.80802C, or equivalent
Operating Position . ...... ... ...t Any
Weight (APprox:) «:s:csssnssmssses sessss geems 2.2 0z (60 g)
Maximum Ratings, Abso/ute-Maximum Values:9
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 Current® .. ................ 10 max. MA
Ambient Temperaturef ... ... ... ... ... ... 75 max. °C

Characteristics Range Values for Equipment Design:

Under conditions with supply voltage (E) 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:
—= Radiant¥ at 8000 5
angstroms . ......... — 6.6x10 - A/W
—» Luminoush (28709 K) . 1 7 30  Allm
Cathode Sensitivity:
— Radiantl at 8000 3
angstroms . ......... - 2.8x10° - A/W
Luminousk (2870°K) . 1x10®  3x107° = Allm
—= Current with infrared
light source™ (2870° K 8 s
+ C.S. No.7-56) ...... 1.2x10° 4x10° — A
—= Quantum Efficiency
at 7800 angstroms . . . . — 0.43 - %
—= Current Amplification . . — 2.3x10% -
— Anode Dark Current™ .. — 1.9x106 6x10°6 A
—» Equivalent Anode Dark —  as8x107  15x100 Im
Current Input™ . ..... _ 51x109P  1.6x10°8P w
- 15x1010 - Im
Equivalent Noise Input9 _ 1.6x10°12 W
—= Anode-Pulse Rise Time$
at 1500V . .......... - 2.2x109 = s
— Electron Transit Time®. .
at 1500 V ... ... ... .. - 2.8x108 - s

—— Indicates a change or addition.

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-
cordance 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 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 a 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 a 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.

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.

At a tube temperature of 22° 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
values in lumens using a conversion factor of 94 lumens per watt.
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9 Under the following conditions: Tube temperature 22° 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.

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 adelta 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.

Operating Considerations

Terminal Connections

The base pins of the 7102 fit a duodecal 12-contact socket,
such as Eby No0.9058, 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 +22° C is shown
in Figure 7.

In either dc 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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Figure 2
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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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
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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
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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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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 dc 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:

it
C=100 vV
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, a factor 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 7

where q = f i(t) dt coulombs
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Spectral Characteristic of Radiation From 2870° K Typical EADCI and Anode Dark
Light Source After Passing Through Infrared Filter Current Characteristics
(Corning C.S. No.7-56)
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Typical Anode Characteristics
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Typical Effect of Magnetic Field on Anode Current

MAGNETIC FIELD IS PARALLEL TO DYNODE —-CAGE AXIS.
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Typical Voltage-Divider Arrangement

ANODE RETURN

Rlé DYNODE No.I0

Rloé DYNODE

~C2

No.9

No.8 { 3

No.7

Rg

Rg

:
|
+ R_{% o
:
:
%

No.6

REGULATED
DC POWER
suppLY Re
(SEE NOTE )}

DYNODE No.5

Rs

DYNODE No. 4

R4S DYNODE MNo.3

R
34 DYNODE

R
2<" DYNODE Ho. |

R
J § PHOTOCATHODE

92CS-1248IRI

C4: 0.02 uF, 20%, 500 volts (dc working), ceramic disc
Cy: 0.01 uF, 20%, 500 volts (dc working), ceramic disc
R1 : 910,000 ohms, 2 watts

R, through R1 1 470,000 ohms, 1 watt

Note 1: Adjustable between approximately 500 and 1500 volts dc.

Note 2: Capacitors C1 and 02 should be connected at tube
for optimum high-frequency performance.

socket

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 Basing Diagram
Bottom View
D
r C j
—FACEPLATE
4 || (sEE NOTE)
| R —— Y PE—)
|- pHOTOCATHODE
8 Ti2 BULB
//
DY, K
DIRECTION OF RADIATION:
A INTO END OF BULB
12AE
. )EJECBV‘:J%EB>2»43 Pin 1: Dynode No.1
Pin 2: Dynode No.3
‘ i ” Pin 3: Dynode No.5
+ Uqu_LJJI“ Pin 4: Dynode No.7
HeEs-TrIORS Pin 5: Dynode No.9
Pin 6: Anode
Note: Deviation from flatness will not exceed 0.010"" from peak to Pin 7: Dynode No.10
vailey. Pin 8: Dynode No.8
Pin 9: Dynode No.6
Pin 10: Dynode No.4
¢ of bulb will not deviate more than 29 in any direction from the Pin 11: Dynode No.2
perpendicular erected at the center of bottom of the base. Pin 12: Photocathode
Dimensions Inches mm
A 4,57 max. 116.1 max.
B 3.88 + 0.19 98.5 +4.8
C 1.24 min. dia. 31.4 min. dia.
D 1.56 max. dia. 39.6 max. dia.

RCA |Electronic Components | Harrison, N.J. 07029
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for your Information

This bulletin also applies to RCA-

7204/4CX250F which is identical with
RCA In:ernationa al Divsion GV RCA-7203/4CX2508 except for its
Licensee Service Harnson, N.J. heater rating of 26.5 + 10% volts,

0.58 ampere. The 7204 is unilater-
ally interchangeable with the

4 X250F and bilaterally inter-
7 203 4< X250B changeable with the YCX250F.
—-<>

BEAM POWER TUBE FERTIA ARk

For Use at Frequencies up to 500 Mc

Ceramic-Metal Seals ¥oremt Al ¢ Tooled

2.464" Max. Length

ial- |1.640" Max. Diameter
R S T 40O Watts CW Output to 175 Mc (rtige) Rad et
P g 250 Watts CW Output at 500 Mc
RCA-7203/4CX250B is a-very small and compact GENERAL DATA
forced-air-cooled beam power tube constructed Electrical:
. s . Heater, for Unipotential Cathode:
with ceramic-metal seals thro'ughou‘t and h.awr\g a Voltage (AC or DC)&. . . . . . . 6.0 & 10% volts
maximum plate dissipa- Current at 6.0 volts . . . . . . 2.6 amp
tion of 250 watts. It Minimum heating time . . . . 30 seconds
. . . Mu-Factor, Grid No.2 to Grid No 15
is intended for service for grid-No.2 voits = 300 and
S grid-No.2 ma. =50 . « . « . o & 5.0
asanat power amplifier Direct Interelectrode o
and modulator, a wide— CapamtanceS(ApprOXJ:
band i i id Grid No.1 to plate . . . . 0.03 puf
and ampllgaiel BN RN Grid No.1 to cathode, grld No.2.
applications, a linear and heater . . 16 puf
& e . Plate to cathode, grld No 2
rf power amplifier in and heater . . s s Al upf
single-sideband sup—  Mechanical:
pressed—carrier equip- Operating POSILAGH o w10 o w % %@ 5 ® & &% 3 & @ .Any
Max imum Overall Length « « o « w0 « o o @ 0 o w 2 deun
ment, and a class C  yaximum Seated Length. . . . . . » + » + « . . . . 1.910"
amplifier and oscil- Maximum Diameter . . . . . . . . . . . . . .. . . 1.640"
lator. The 7203 can be Pase ., « . o s s 5 % 3w . « « . .Special 8- Pln
X X Socket . . . . . ... Alr System Socket, such as SK- GQL
used with full ratings and SK-606 Air cmmney'; or 124-11i0-1

. N lied with Air Ch
at frequencies up to (Supplied wit Ir Chimney)

Radiator . . . . . ... . . . . . .Integral part of tube
500 megacycles per second. Air Flow:

Through'Indicated Air-System Socket-—-This fittingdirects
The ceramic-metal-seal construction employed the air over the base seals; past the grid-No.2 seal,
. i X i envelope, and plate seal; and through the radiator to
in the 7203 permits operation at higher tempera- provide effective coollng with minimum air flow. When
. the tube is operated at maximum plate dissipation for
tures than a glass-seal construction and thus each class of service, a minimum air flow of 3.8cfm
: . . Nk : through the system is required