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FORWARD

This  publication  contains  published data  sheets  and  application notes  on General
Electric  Ceramic  tube  types.    Thirty-one  of these  types  are registered  EIA types,
and  are  available  from  stock.    Seventeen are  developmental  types  and  are  avail-
able  from  stock  or with  several  weeks  lead  time.

This  line  of tubes represent  the  state  of the  art in many areas.    Major  advan-
tages  offered  by various  types  are  as  follows:

Small  Size
Low  Noise
High  Gain
Large  Gain-Band Width  Products
Operation to  C  and X  Band
High  Temperature  Tolerance,   400-5oo° a
Tolerance  to  Shock  and  Vibration
Radiation Resistance
Long  Pulse  Ratings
High  Pulsed  Duty  Factors

These  devices  compete  favorably in many applications with low  power  klystrons,
TWT's,  parametric  amplifiers,  varactors,  and  transistors.

This  publication  is  revised   periodically,   but  supplements  are  not  distributed
between  publications.    For the  latest  information on  new  developments  or  appli-
cations  of General  Electric  Ceramic  tubes,  contact our  Regional  OEM  Sales  Mana-
ger  in  your area,  or  a  franchised  General  Electric  Industrial  Tube  Distributor.

RESEARCH  AND  DEVELOPMENT  AREAS

I.    High  Current Density Cathodes
2.    Lower  Heater  Power Designs
3.    Fast Warm-Up  Heater-Cathode  Structures
4.    High  DissipationAnodes
5.    X  Band   (10  Gc.)   CW  and  Pulse  Triodes
6.    Integral  Tube-Cavity  Microwave  Oscillators
7.    Tunnel  Emission  Cathodes
8.    Radiation  Environment  Performance  Evaluation

OTHER   USES   f'OR   CERAMIC   TUBES

Frequency  Multipliers
RF  Power  Source  For Varactor Multipliers
Microwave Mixers  and  Detectors
Doppler  Radars  For  Traffic  Control  and  Motion  Detection
Broadband  Amplifiers
Video Amplifiers
Audio,   Servo,  and  Sub-Audio Amplifiers
High-Voltage  Rectifiers
High-Voltage  Regulators
Microwave  Modulators
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General  Electric

CERAMIC    TUBE    SELECTION   CHART

Classlficatlon

Approx.
Envelope

Type           Diameter

Type                                Maximum  Ratings
of                           Plate                                   Current

Teminal s        Dissipation  twatts)         (milllamperes)
Gin

Typical Application

Useful
Frequencies
Extend  to  **

Trlode  -  Class
A  Operation

2C40*                I.3„
2C40A*              I.3„
6299                      0.5„
6771                       0.5"
7077                      0.3„
7296                      0.5„
7462                     0.3„
7588                      0.5
7625                     0.3„
7644                     0.5„
7768                      0.5„
7784                     0.5„
8081                      0.3„
8083                      0.3„
Y-1032               0.3„
Z-2354               I.0„
Z-2835               0.5"

Octal
Octal
Coax.
Coax.
Coax,
Lug  (T)
Lug
Lug  (T)
Lug
Coax.
Coax,
Coax.
Lug  (T)
Lug  (T)
Coax.
Lug
Coax.

4850           36          UHF Amp.
5100           35          UHF Amp.

15000        Ilo          Low-Noise  VHF Amp.
=  25                  23000
=  10                   10000
=  30                  16500
=  10                   10500
=  30                  45000
=      3.6               1400
=  12                   15000
=  30                  50000
=  12                   15000

=     3.6                1400
=  10                   10500
=  10                   10000
=  loo                 4300

90          UHF Amp.
90         Low-Noise  VHF Amp.
90          VHF Amp.
94         Low-Noise  VHF Amp.

175          Low-Noise  VHF Amp.
80         Low-Level AF Amp.

Ilo         Low-Noise  VHF Amp.
225         Low-Noise VHF Amp.
Ilo         Low-Noise  VHF Amp.
80         Low-Level AF Amplifier
94         Low-Noise VHF Amp.
36         Low-mu, Low  plate voltage osc., Amp., or Mult.

8          Servo  power Amp.
=  30                 16500           90          UHF Amp.

3000  mc
3000  mc
3000  mc
4000  mc
3000  mc

500  mc
500  mc
500  mc

3000  mc
3000  mc
3000  mc

500  mc
3000  mc

3000  mc

Triode  -  Class
8orC

Operation

2C39B                 I.3"
2C40A*              I.3„
2C43*                 I.3„
3CxlooA5        1. 3"
6442                     0.5''
6771                       0.5„
6897                     I.3„
7289                      I.0„
7296                      0.5„
7391                         0.51'

7486                     0.3„

7720                       0.31'

7913                      0.5"
8082                     0.3„
A-0897              I.0"
Y-1223               0.5"
Y-125|              0.3„
Y-1266'             0.3"
Z-2835               0.5"
Z-5099A           I.6"
Z-5317               0.5"
Z-5387               I.2"

Coax.
Octal
Octal
Coax,
Coax.
Coax.
Coax.
Coax.
Lug  (T)
Coax.
Coax,
Lug
Coax.
Lug  (T)
Coax.
Coax.
Coax.
Coax.
Coax,
Coax,
Coax.
Coax.

Ik   =125               2480o
Ib  =25                     5100
Ib   =40                    8100
Ik   =125               25000
Ib   =35                  16500
Ib   =  25                  23000
Ik   =125               24800
Ik   =125               25000
Ik   =30                  16500
Ib   =15                   11000
Ik   =10                  10500

Ik   =   10                 10500
Ik  =   30                40000
Ik  =   ||                10500
Ik  =   loo             24800
Ik  =   loo             40000
Ip   =   20                 13500
Ik  =   40                  8000
Ik   =   30                 16500
Ik  =   125              24000
Ib  =   35                 16500
Ik  =   125              2480o

UHF  Power Amp.  Osc. ,  or  Freq.  Mult.
UHF  Power Amp.  or Osc.
UHF  Power Amp.  or Osc.
UHF  Power Amp. ,  Osc. ,  or  Freq.  Mult.
UHF  Power Amp. ,  Osc. ,  or  Freq.  Mult.
UHF  Power Amp. ,  Osc. ,  or  Freq.  Mult.
UHF  Power Amp. ,  Osc. ,  or  Freq.  Mult.
UHF  Power Amp. ,  Osc. ,  or  Freq.  Mult.
VHF  Power Amp. ,  Osc. ,  or  Freq.  Mult.
UHF  Power Amp. ,  Osc. ,  or  Freq.  Mult.
UHI`  Power Amp. ,  Osc.  or  Freq.  Mult.
VHF  Power Amp. ,  Osc. ,
UHF  Power Amp. ,  Osc. ,
VHF  Power Amp. ,  Osc. ,
UHF  Power Amp. ,  Osc. ,
UHF  Power Amp. ,  Osc. ,
UHI.  Power Amp. ,  Osc. ,
UHI' Power Amp. ,  Osc. ,
UHF  Power Amp. ,  Osc. ,
UHF  Power.Amp. ,  Osc. ,
UHF  Power Amp. ,  Osc. ,
UHF  Power Amp. ,  Osc. ,

or  Freq.  Mult.
or Freq.  Mult.
or Freq.  Mult.
or  Freq.  Mult.
or Freq.  Mult.
or Freq.  Mult.
or Freq.  Mult.
or Freq.  Mult.
or Freq.  Mult.
or Freq.  Mult.
or Freq.  Mult.

2500  mc
3000  mc
3000  mc
3000  mc
5000  mc
6000  mc
3000  mc
3000  mc

500  mc
6000  mc
3000  mc

500  mc
3000  mc

500  mc
3000  mc
3000  mc
6000  mc
3000  mc
3000  mc
3000  mc
5000  mc
3000  mc

Tetrode  - Class
8orC

Operation

Z-5267               I.8" Coax, Ik  =  200             60000          60          UHF  PowerAmp.  or osc.
(g1  -  g2)

3000  mc

*Glass   -   Metal  lighthouse  tube.
**The  frequency listed ls one at which  slgnlficant application data are  available

or expected,  and does not necessarily represent an absolute  frequency llmlt.
(T) Provlslon ls made  for mounting with  T-bolt.
A At this dissipation level,  anode cooling ls usually necessary to prevent

exceeding maximum  permissible  seal temperature.



General Electric

CERAMIC    TUBE    SELECTION   CHART

Classification

Approx. Type Maximum  Ratings Useful

Type
EnvelopeDiameter ofTerminals Plate                                CurrentDlsslpatlontwatts)(milliampere s) G in

u Typical Application
Frequencie sExtendto**

TrlodePulseOperation

2C40A*2C43 I.3„I.3„ OctalOctal
:::i                   ?: : !9::

51008100 3550 Pulsed  Osc.  or Amp.PulsedOsc.orAmp. 3000  mc3370mc

64426771 0.5„0.5„ Coax.Coax.

::::                 (i;:i;!!    :::::
5090 Pulsed Osc.  or Amp.PulsedOsc.orAmp. 6000  mc6000mc

7815 I . 2 '' Coax, •o.oA                       (i:      :::: Pulsed  Osc.  or Amp. 3000  mc

79107911Y-1124Y-1236Z-5387 0.3„0.5„0.3„0.5"1„ Coax,Coax,Coax.Coax.Coax,

;;:A                \i:    :;!!     :::::      ::     ::::::::::::;:ji;i:::

7500  mc6000mc6000mc6000mc3000mc

Diode

2822* I.3„ Octal . Tube Voltage  Drop: Signal Detector 1500  mc
6. 0  Volts  @ Ib  =  20  milliamperes
Ib  =   20  milliamperes  maximum

7266 0.3„ Coax. Tube Voltage  Drop: Instrument Detector 3000  mc
I  Volt  @ Ib  = I. 0  milliamperes
Ib  =  2  mllllamperes  maximum

Signal 7841 0.3„ Coax. Tube Voltage  Drop: Signal  Detector 3000  mc
2 . 6  Volts  @ Ib  =  5. 0  mllllamperes
Ib  =  5  mllliamperes  maximum

Y- I 0 I 2 0.3„ Lug  (T) Tube Voltage  Drop: Signal  Detector 1500  mc

2 . 6  Volts  @ Ib  =  5 . 0  milllamperes
Ib  =  5  mllllamperes  maximum

Dlode

Z-2689 0.5„ Lug  (T) Tube Voltage  Drop: Low  Current  Power Rectifier
18  Volts  @ Ib  =  40  milliamperes
Ib  =  25  milliamperes  maximum

Power Z-273l 1„ Lug  (T) Tube  Voltage  Drop: Power Rectifier
20  Volts  @ Ib  =  120  milliamperes
Ib  =   70  mllliamperes  maximum

Dlode
Z-2692 0.5„ Lug  (T) Tube  Voltage  Drop: Volt`age  Reference

88  Volts @ Ib  =  5  milliamperes
Cold-Cathode Ib  = I  milliampere  minimum

10  m|lllamperes  maximum

*  Glass   -   Metal  lighthouse  tube.
**  The  frequency listed  ls one  at which  significant application data  are  available

or expected,  and  does  not necessarily represent an  absolute  frequency limit.
(T) Provision is  made  for mounting with  T-bolt.
A At this dissipation level,  anode  cooling is usually necessary to  prevent

exceeding maximum  permissible  seal temperature.
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PLATE   PULSED   EFFICIENCY   VS.   FREQUENCY
Ice80

0

- 791' FOR  LONG  PULSE  APPLICATIONS

60406e20Z>®ZIOLLJ68±6LLJ42I LESS   PEAK   EMISSION   AND   LOWER
HEATER   VOLTAGES   ARE   REQUIRED

6771I

7879'Ip.fsef%fssese

8i;§%

5-'I

6442

\
7910

\ \ \\

lMATE  NARROW

\ \ \
\ \

\'1
\APPRO

PULSE  PERFORMANCE  AT
MAXIMUM  RATED  INPUT1'1'1'

01234567891
FREQUENCY    IN    Gc.

CW   PIATE    EFFICIENCY   vs.    FREQUENCY
loo80cO408e20Z>0Z10|LJ68=6||J421

0

\ FOR  LONGER  LIFE,  HEATER  VOLTAGES
SHOULD  BE  ADJUSTED  TO  PROVIDE
ONLY  THE  REQUIRED   PEAK   EMISSION

7815

2

7913 \ \ APPAT ROXIMATE  PERFORMANCEMAXIMUMRATED

\ \\ PLATE   INPUT  POWERS

•J       .++
qse \ \ 7913

677174867391'ifyfas;£g£;£i
7910

cts
I 11 \_

01234567891
FREQUENCY   IN   Gc.

PULSE   VOLTAGE   AND   CURRENT   VS.   PULSE   DURATION*

=1000±
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D.C.   VALUE

I

.1                         1.0                         10                         loo                      1000
°                                          PULSE   DURATION   IN   MICROSECONDS                                           a-
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2822

PLANAR   DIODE

DESCRIPTION   AND   RATING

2822
ET-T156IA

Page   1
12-6'

The  2822  is  a  high-perveance  diode  of the  disk-seal  type.  It  is  intended
for use as a detector or monitor at frequencies as high as  1500 megacycles.

GENERAL

ELECTRICAL

C athodc+Coated Unipotcntial
Heater Characteristics and Ratings
Heater Voltage, AC or DC* .  .
Heater Currentt ....
Direct Interelectrode. tapacit;i:es|

Plate to Cathode:  (p to k) . . .

ABSOLUTE-MAXIMUM   VALUES

Duty Factor §
Peak Plate Voltage

.6.3±0.3     Volts
...0.75     Amperes

I..2.18       pf

MECHANICAL

Mounting Position-Any
Net Weight, approximate. . .
Cooling-Convection

MAXIJVLUJVI   RATINGS

..loo     Volts
Peak Inverse plate voltage ....... 300    Volts

Average Cathode Current .
Peak Cathode Current§ . .
DC Output Voltage. . .

1     Ounce

...20     Milliamperes
...0.7     Amperes
...150     Volts

Absolute-Maximum  ratings are  limiting values of operciting all  other  electron  devices  in  the  equipment.
and   environmental   conditions   applicable   to   any   electron The   equipment   manufcicturer   should   design   so   that   ini-
tube  of  a  specified  type  os  defined   by  its  published  data tially   and   throughout   life   no   absolute-maximum   value   for
and  should  nor  be  exceeded  under the  worst  probable condi- the   intended   service   is   exceeded   with   any   tube   under   the
tions. worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufcicturer   chooses   these   values   to   provide voltage   vclriation,   equipment   component   varicition,   equip-
acceptable  serviceability  of  the  tube,  mclking  no  ollowcince ment   control   cidiustment,   load   variation,   signal   vclriation,
for  equipment  variations,  environmental  variations,  clnd  the environmental   conditions,   cind   variations   in  the  chorcicteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  cind  of  all  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

The  tubes  and  arrangements  disclosed  herein  may  be  covered  by  patenls  of        elements.   In   .he   absence   of   an   express   writ.en   agreemenl   lo   lhe   conlrary,

;:e::e?rnr°;:Et'o:i,'er ::,aoie::?c:o:vgoer:;::'::e;:;:::e:lit:hL:srct;?fee fdujbsm:;°osfi:;:;¥:e!; ::n:£:Fj°:';:o:r      ;uu:t::fr:a;nil,::'?rs:.: fct:: ::::s awsis,uhmoe,Shen,°d'::?c':i:yo :°er, epma::?s' jnyfr::gyepmuer:'hoasr::Enoof

GENERAL © ELECTRIC

Supersedes  ET-TIS6I   dated  9-49



2822
ET-T 15611 A
Page  2
'2-6'

Tube Voltage Drop
Ib = 20  milliamperes .  .

AVERAGE  CHARACTERISTICS

6.0    Volts

*  The equipment designer should design the equipment so that heater voltage is centered at the specified bogey

value, with heater supply variations restricted to maintain heater voltage within the specified tolerance.
t  Heater current of a bogey tube at Ef = 6.3 volts.
i  Without external shield.
§  In any  100 microsecond interval.

PHYSICAL  DIMENSIONS

I

I

.3J5"         .035ilMAx_I01,5",030"MIN.i

-
I_i+++__r-

I

490"
•0',5"             ,         I

I425„     ±:i33,','  l.o30"_

II I
NOTE  I

Glass will not protrude beyond edge of plate terminal.
NOTE  2

Maximum   eccentricity   of  the   center-line   of  the   plate
terminal with the center-line of the R-F cathode connection
0.020".

Pin           Conn ection
1     Internal connection
2    Heater
3    Cathode
5    Cathode
7    Heater
8    Cathode

.812" ±.005"DIA.
PLATE   TEBMINAL

I.i/3l" ±.008" DIA
CATHODE    a-F
CONNECTION

I. 2 2 6 " ± .OIO" DIA .

I.312"  MAX. DIA.

BASING   DIACRAJVL

TUBE   DEPARTMENT

GENERAL  ©  ELECTRIC

Owehsboro,  Kentucky



© H£EerlfFroRI«GS 2C39|B
PLANAR   TRI0DE

DESCRIPTloN   AND   RATING

2C39.B
ET-T1054B

Page   1
'2-6'

FOR GROUNDED-GRID OSCILLATOR AND AMPLIFIER SERVICE

Metal and Ceramic
High Transconductance

Low lnterelectrode  Capacitances
Shock Resistant

100 Watts Plate Dissipation

The  2C39-B is a metal-and-ceramic,  high-mu triode designed for use as a
grounded-grid  oscillator  or  amplifier  at  frequencies  as  high  as  2500  mega-
cycles.

Features of the  2C39-B include planar  electrode construction,  high plate
dissipation   capability,   excellent   electrode   isolation,   low   radio-frequency
losses, high transconductance, and low interelectrode capacitances.

GENERAL

ELECTRICAL

Cathode-Coated U nipotential
Heater Characteristics and Ratings
Heater Voltage, AC or DC .  .
Heater Current at Ef = 6.3 volts .  .
Direct lnterelectrode CapacitancesI

Grid to Plate:  (g to p) . . .
Grid to Cathode:  (g to k) .  :
Plate to Cathode: (p to k) .  .

*

.i'.63t

MECHANICAL

Mounting Position-Any-Only Plate Flange to Be Used as a
Socket Stop and Clamp
Net weight,  approximate ...... 2    Ounces
Ccoling

Plate and Plate Seal-Conduction and
Forced Air

Cind and Cathode Seals~Conduction and
Forced Air

Recommended Air Flow Cowling-157-JAN
Recommended Air Flow on Plate Radiator

at Sea Level
Incoming Air Temperature 25C, Plate

Dissipation
loowatts .................. 12.5      CubicFeet

Per Minute

MAXIMUM  RATINGS

ABSOLUTE-MAXIMUM  VAl.UES

RADIO-FREQUENCY POWER AMPLIFIER AND  OSCILLATOR-
CLASS  C  TELEGRAPHY

Key-Down    Conditions    per    Tube    Without    Amplitude
Modulation§

Heater voltage* ..... 4.5 to 6.3     Volts
DC plate voltage ..... 1000    Volts
Negative DC Grid voltage ..... 150    Volts
Peak positive RF Grid voltage ..... 30    Volts
Peak Negative RF Gridvoltage ...... 400    Volts
DC Grid current ...... 50    Milliamperes
DC cathode current ..... 125    Milliamperes
Plate Dissipation 100    Watts
Grid Dissipation ..... 2.0    Watts
Envelope Temperature at Hottest

Point # 250C

RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR-
CLASS  C  TELEPHONY

Carrier  Conditions  per  Tube  For  Use  With  a  Maximum
Modulation Factor of 1.0

Heatervoltage* ....... 4.5 to 6.3    Volts
DC  plate  voltageT[ ...... 600    Volts
Negative DC Grid voltage ..... 150    Volts
Peak PositiveRF Grid Voltage .......... 30    Volts
Peak Negative RF Grid Voltage
DC Grid Current
DC Cathode Current.  .  .
Plate Dissipation .  .
Grid Dissipation .  .
Envelope Temperature at Hottest

Point #

GENERAL ©  ELECTRIC
Supersedes  ET-T1054^  dated  9-57

.400    Volts
50    Milliamperes

..100     Milliampercs

...70     Watt.s
..2.0    Watts

250C
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AVERACE   CHARACTERISTICS
Heater Voltage .  .  .
Plate Voltage .
Grid Voltage A
Amplification Factor .
Transconductance .  .
Plate Current.  .  .

CHARACTERISTICS  AND  TYPICAL  OPERATION

RADIO  FREQUENCY  OSCILLATORutLASS  C
.6.3     Volts
600    Volts

.  .   ,95

...24800     Micromhos
...75     Milliamperes

*  The  equipment  designer  should  design  the  equipment  so
that  heater  voltage  is  centered  at  some  value  within  the
range of 4.5  to  6.3  volts.  Heater  voltage  variations  about
the center value  should be kept as small  as practical  and
should not, in any case, exceed  ± 5%. The optimum center
value of heater voltage depends on the cathode current and
on  other  parameters  of circuit  design  and  operation.  For
specific  recommendations,  contact  your  General  Electric
tube sales representative.

t  Heater current of a bogey tube at Ef =6.3 volts.

Heater Current
Ef = 6.3 volts .

Frequency 500     2500    Megacycles
Heater voltage ..... 6.0        5.0    Volts
DCplatevoltage ..... 900       900    Volts
DC plate current ...... 90         90    Milliamperes
DC Grid current ...... 30         27     Milliamperes
DCGridvoltage ....- 40     -22    Volts
Usefulpoweroutput ............ 40          17     Watts

I  Measured in a special shielded socket.
§  Modulation essentially negative may be used if the positive

peak of the  audio-frequency envelope does not exceed  115
percent of the carrier conditions.

# Where long life and reliable operation are important, lower
envelope temperatures should be used.

fl For  modulation  factors  less  than  1.0,  a  higher  d-c  plate
voltage may be used if the sum of the peak positive audio
voltage and the d-c platevoltagc does not exceed 1200 volts.

AAdjusted for Ib = 75 milliamperes.

INITIAL  CHAnACTERlsTics  LiMITS

Min.          Bogey         Max.

Grid Voltage
Ef = 6.3 volts, Eb = 600 volts,  Ib = 75 rna .

Grid Voltage
Ef = 6.3 volts, Eb = 600 volts,  Ib = 1.0 rna .

Transconductance
Ef = 6.3 volts, Eb = 600 volts, Ec adjusted for Ib = 75 rna .

Amplification Factor
Ef = 6.3 volts, Eb = 600 volts, Ec adjusted for Ib = 75 rna .

Negative Grid Current
Ef = 6.3 volts, Eb = 600 volts, Ec adjusted for Ib = 75 rna .

Interelectrode Leakage Resistance

950             1030

-1.3          -2.5

-7.0          -9.5

.      22000           24800

7595

Ef = 6.3 volts, Polarity of applied d-c interelectrode voltage is such that no
cathode emission results

Grid to Cathode at 500 volts d-c .
Interelectrode Capacitances

Grid to Plate:  (g to p) .  .
Grid to Cathode:  (g to k) .
Plate to Cathode:  (p to k) .

50

1.89                2.01

6.0                  6.S
0.018            0.023

1100    Milliamperes

-3.5    Volts

-15    Volts

27500    Micromhos

115

3.0    Microamperes

.     Mcgohms

2.13    Picofarads
7.0    Picofarads

0.029    Picofarads

Absolute-Maximum  rcitings  are  limiting  values  of operating all  other  electron  devices  in  the  equipment.
and    environmental    conditions    applicable    to   any   electron The   equipment   manufacturer   should    design    so    that    ini-
tube  of  ci   specified   type   as  defined   by   its  published  data tially   and   throughout   life   no   absolute-maximum   vcilue   for
clnd  should  not  be  exceeded  under  the  worst  probable  condi- the   intended   service   is   exceeded   with   any   tube   under   the
lions. worst  probclble  operating  conditions  with  respect  to  supply-

The   tube   mclnufacturer   chooses   these   vcilues   to   provide voltage   variation,   equipment   component   varicltion,   equip-
acceptable  serviceability  of  the  tube,  mciking  no  cillowance ment   control    odiustment,    locid    variation,   signal   variation,
for  equipment  variations,  environmental  variations,  and   the environmental   conditions,   and   vciricitions   in   the   charocteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  and  of  all  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

;::|[:;ra':u:bE;:®e:n:,:rT;:oaie:r?a?nc:o::I:er#§°y'dch;:;i;jnf::;:';h;e:rr:t|ifcem§u::S:a??a:Sj;:::ce:r;e::e:yb:§y::Pn:;v'::T::::X§j     #:o:®fri!;Sj!:;:;r;.;fc::;ein:C:e:sod;§,S,:: ::hx:P:red:e:v:¥:l's}':frno::;±::nnr:°bnn;fri:ngy:h;®ue,n:I:£:r::.rn:g;
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SPECIAL  PERFO"ANCE  TESTS
Mid,     Max,

Oscillator Power Output
Tubes are tested for power out-
put  ap  an  oscillator  under the
followhg conditions :
Ef=5.O   volts;   F=2500   MC,
min.;  Eb=1000  volts;   Ib=90

Low Pressure Voltage Breakdown
Test

Statistical   sample   tested   for
voltage  breakdown  at  a  pres-
sure of 27 mm Hg. Tubes shall
not   give   visual   evidence   of
flashover    when     1000     volts
HMS,   60  eps,  is  applied  be-
tween the plate and grid termi-
nals.

15.,..Watts

D[CRADATION  RATE  TESTS

Shock
Statistical  sample  subjected  to  S  input  accelerations  of

approximately 400 G and 1.0 milliseconds duration in each of
four  positions.  The  accelerating  forces  are  applied  by  the
Navy-type, High Impact (flyweight) Shock Machine.

S00-Hour Life Test
Statistical sample operated for 500 hours as an oscillator to

evaluate changes in power output with life.

PHYSICAL  DIMENSIONS

r-,!'±£D
±.0,0"   I-

i?83;"    ?[8pN5E

IA±

(NOTE4)  '_i

|035#:                I.i87"±.t
I

469q±.007" I.030" ± .
+

I.8±.0
%.I..0

9I.+

.I -.765D.784.'±.C
.loo  R. MAo"I7o"

.660"±
012"             ±2R.MAX1

I

-`INOTEII
•5,MA

t I

.34 I"MIN              .086"

+

005"D,A. .960"± .0,2"

-ilSN5      _.v`€i,3

RA0lATofl

PLA T E  f`F   TEBMINAL

FtF   rEFtMINAL

CATHODE   BF   TEflMll`lAL
/           AND  HEATEB

'NOTE 2'

-HEATf§oTtEERS}NAL

.2ie'.± .005"  DiA
.320"± .005" DIA

NOTES:
I.   Solder  not to extend  radially beyond  grid  RF terminal.
2.   Total indicated runout of the grid-contact surface and the cathode-contact surface with respect

to the  anode  shall  not  exceed  0.020''.
3.   Total indicated runout of the cathode-contact surface with respect to the heater-contact surface

shall  not  exceed  0.012".
4.   Only this flange to  be used  as  a  socket  stop  and  clamp.

T  New pages  3 to  6 supersede old pages 3  and  4  dated  12-61.
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AVERAGE   PLATE   CHARACTERISTICS
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E&EarFroRI«es 2C40
PLANAR   TRIODE

DESCRIPTION   AND   RATING

2C40
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Page  1
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The  2C40  is  a  triode  of lighthouse  construction  designed  for  use  as  an
oscillator or radio-frequency amplifier at frequencies as high as 3370 mega-
cycles.

The  radio-frequency  cathode  connection  is  made  through  a  disk-type
capacitor which is incorporated in the tube. This results in a low-impedance
radio-frequency path from the cathode to the external circuit.

The envelope construction results in low tosses, provides convenient elec-
trode contact surfaces, and enables the tube to fit easily into coaxial circuits.

GENERAL

MAXIMUM  RATINGS
ABSOLUTE"AXIMUM  VALUES
Radio-Frequency Power Amplifier or Oscillator-Class C
Frequency
DC Plate Voltage .  .
DC Grid Voltage .  .  .
DC Plate Current . .
DC Grid Current .  .
Plate Dissipation .,....
Heater -Cathode Voltage

Heater Positive with Respect to
Cathode....

3370    Megacycles
.500    Volts
-50    Volts
..25    Milliamperes
. 8.0    Milliamperes
.6.5    Watts

.90    Volts

Heater Negative with Respect to
Cathode 90    Volts

Cathode-Cathode RF Connection Voltage
Cathode RF Connection Positive with

RespecttoCathode ............... 90     Volts
Cathode RF Connection Negative with

Respectto cathode ......... 90    Volts
Envelope Temperature at Hottest point.175    C

Absolute-Maximum ratings are limiting values of operating all  other  electron  devices  in  the  equipment.
and    environmental   conditions   applicable   to   any   electl.on The   equipment   manufacturer   should   design   so   that   ini-
tube  of  a  specified  type  as  defined  by  its  published  data tially   and   throiighout   life   no   absolute-maximum   volue   for
and  should  not  be exceeded  under the wof.st probable condi- the  intended   service  is  exceeded  with  any  tube  under  the
lions. worst  probable operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltage   variation,   equipment   component   vclriation,   equip-
c]cceptoble  serviceability  of  the  tube,  making  no  cillowance ment   control   adiustment,   load   voriQtion,   signal   variation,
for  equipment  variations,  environmental  vorialions,  and   the environmental  conditions,  and  variations  in  the  characteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under consideration  and  of  all  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

;:.::::;,at;u:bE,i.:si,:rT:df.fa::;a,n.:.::I:e.;i;s,td:::;!n::'i::,,,,,:h;::,cet;:i,omf:.::in::.a:sj,::;:r;':;!?::p:.;.t::in:::i:::.     ilo:,:a:efrn::;a;!!,:u:`:I:,;fcat:;op,n:c:.: soa:a:I:h:oe:hxenpror:,;*:'!;toe:no.i.gin::?::te!nn;fr:i,::in:.r#:a:r::,rn:a:
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AVERAGE   CHARACTERISTICS

Heater Voltage .
Plate Voltage ....
Cathode-Bias Resistor . .
Amplification Factor .  . .
Transconductance .  .
Plate Current

CHARACTERISTICS  AND  TYPICAL  OPERATION

RADIO-FREQUENCY   OSCILLATOR

6.3    Volts
..250    Volts
..200     Ohms
.  .  ,36

.4850    Micrornhos
17    Milliamperes

*  The  equipment  designer  should  design  the  equipment  so
that heater voltage is centered at the specified bogey value,
with heater supply variations restricted to maintain heater

Frequency 3370    Megacycles
DCPlateVoltage .................. 250     Volts
GridResistor ................. 10000     Ohms
DCGridVoltage ..................- 5.0     Volts
DC Grid Current, approximate ........ 0.5    Milliamperes
DCplate current ............ 20     Milliamperes
Power Output. . 75    Milliwatts

voltage within the specified tolerance.
t  Heater current of a bogey tube at Ef =6.3 volts.
I  Without external shield.

PHYSICAL  DIMENSIONS

.oo8"                  TT

•9-5-o::-V!".._i ,^,L\,   .865"
.375"±.015"      .035"MAX.     .t,I

.490"±.015"

1'1
•,95"i.o,5"    `

.425" ±.030"                                               '

TERMINAL   CONNECTIONS

Pin 1-Internal Connection-Do Not Use
Pin 2-Heater
Pin 3-Cathode
Pin 5-Cathode
Pin 7-Heater
Pin 8-Cathode
Top Cap-Plate
Disk Terminal-Grid
Shell-Cathode RF Terminal

. 250" ±.002"DIA.
PLATE  CAP

I- .562" ± .005" DIA.
PLATE   TERMINAL

.812" ±.0035'`DIA.
CF]lD   R-F.TERMINAL

I.031" i.008"DIA.
CATHODE   R-F  TEBMINAL

I.973"
MAX.

NOTES:
1.   Glass shall not protrude beyond edge of anode RF terlninal

or grid RF terminal.
2.   Plate  cap  and  grid  RF  terminal  to  be  concentric  with

respect to the cathode RF terminal within 1/64 inch (run-
out of 1/32 inch maximum).
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The 2C40-A is a triode of lighthouse construction designed for use as a CW
oscillator, radio-frequency amplifier, or plate-pulsed oscillator at frequencies
as high as 3370 megacycles.

The  radio-frequency  cathode  connection  is  made  through  a  disk-type
capacitor which is incorporated in the tube. This results in a low-impedance
radio-frequency path from the cathode to the external circuit.

The   envelope   construction   results   in   low   losses,   provides   convenient
electrode  contact  surfaces,  and  enables  the  tube  to  fit  easily  into  coaxial
circuits.

GENERAL

ELECTRICAL
C athode-Coated Unipotential
Heater Characteristics and Ratings
Heater voltage, AC or DC* .... 6.3 ±0.3

E:raetcetr|:::::ineti;de. capacit;nces±    . 0.75

8::::=Laaie:d(e8:%:!k)               .:.i.Li.:
Plate to  cathode ........... 0.03
Cathode RF Connection to Cathode. .100

MECHANICAL
Mounting Position-Any
Net Weight, approximate .  .
Cooling-Convection and Conduction

JVLAXIJVLUM   RATINGS
ABSOLUTE"AXIMUM  VALUES
Radio-Frequency Power Amplifier or Oscillator-Class C
Frequency.....
DC Plate Voltage .  .
DC Grid Voltage .  . .
DC Plate Current. .  .
DC Grid Current

...3370     Megacycles
...500     Volts
.-50    Volts

Plate Dissipation . .
Heater-Cathode Voltage

Heater Positive with Respect to
Cathode

. 25    Milliamperes
8.0    Milliamperes
6.5    Watts

90    Volts

Heater Negative with Respect to
Cathode

.1.2     Ounces

90    Volts
Cathode-Cathode RF Connection Voltage

Cathode RF` Connection Positive with
Respectto cathode ......... 90    Volts

Cathode RF Connection Negative with
Respect to cathode ...... 90    Volts

Envelope` Temperature at Hottest point.175    C

PLATE-PULSED   OSCILLATOR
Cathode Heating Time, minimum .
Frequency
Peak Positive-Pulse Plate Supply

Voltage
Duty Factor of Plate Pulse§ .
Pulse Duration
Plate Current

Average§ .  .
Average During Plate Pulse .  . .

Negative Grid Voltage
Average During Plate Pulse. . .

Grid Current
Average§ . . .

..60     Seconds
3370    Megacycles

1400    Volts

1.5    Microseconds

..3.0    Milliamperes
...2.0     Amperes

..loo    Volts

...1.5     Milliamperes

Average During Plate Pulse .  .  .
Plate Dissipation§ .  .
Heater-Cathode Voltage

Heater Positive with Respect to
Cathode

Heater Negative with Respect to
Cathode

..1.0     Amperes
...4.0    Watts

90    Volts

90    Volts
Cathode-Cathode RF Connection Voltage

Cathode RF Connection Positive with
Respect to cathode ...... 90    Volts

Cathode RF Connection Negative with
Respect t.o.Cathode ....... 90     Volts

Envelope Temperature at Hottest
175C

GENERAL ©  ELECTRIC
Sup®rs®des  ET-T1212B  clated  9-57
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CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Heater voltage ..... 6.3     Volts
Plate voltage ..... 250    Volts
Cathode-Bias Resistor .... 200    Ohms

Amplification Factor ...... 35
Transconductance ..... 5100    Micromhos
Plate Current

RADIO-FREQUENCY  OSCILLATOR

Frequency 3370    Megacycles
DC plate voltage ...... 250    Volts
Grid Resistor ..... 10000    Ohms
DC Gridvoltage ...- 5.0    Volts

PLATE-PULSED   OSCILLATOR

Frequency . . .
Duty Factor .  .
Pulse Duration .

17    Milliamperes

DC Grid Current, approximate ........ 0.5    Milliamperes
DC plate current ..... 20    Milliamperes
Power output ...... 75    Milliwatts

Peak Positive-Pulse Plate Supply
Voltage.  .

.3000    Megacycles
0.001

1.0     Microseconds

..1400     Volts

*  The  equipment  designer  should  design  the  equipment  so
that heater voltage is centered at the specified bogey value,
with heater supply variations re.stricted to maintain heater
voltage within the specified tolerance.

Plate Current
Average During Plate Pulse .......,. I.0    Amperes

Useful Power Output
Average . 0.3    Watts
Average During Plate Pulse ......... 300    Watts

t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Without external shield.
§  In any 500 microsecond interval.

Absolute-Maximum ratings are limiting values of operating all  other electron  devices  in  the  equipment.
cind   environmental   conditions   applicable   to   any   electron The   equipment   manufacturer   should   design   so   that   ini-
tube  of  a  specified  type  as  defined   by  its  published  dcito lially   and   throughout   life   no   absolute-maximum   value   for
and  should not be exceeded under the worst probable condi- the  intended   service  is  exceeded   with  any  tube  under  the
lions, worst  probable  operaling  conditions  with  respect  lo  supply-

The   tube   manufacturer   chooses   these  values   lo   provide voltage   vc]riation,   equipment   componenl   variolion,   equip-
acceptable  serviceabilily  of  the  tube,  making  no  allowance ment   control   adiustmenl,   load   voriotion,   signal   vclriation,
for  equipment  variations,  environmental  variations,  and  the environmental  conditions,  and  variations  in  the  chorocleris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under consideration  and  of  all  other  electron
in  the  charocteristic§  of  the  tube  under  consideration  and  of devices  in  the  equipment.
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AVERAGE   PLATE  CHARACTERISTICS
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NOTES:
I.   Glass shall not protrude beyond edge of anode RF terminal or grid RF terminal.
2.   Plate cap and grid RF terminal to be  concentric  with  respect  to  the  cathode  RF  terminal  within  1/64

inch  (run-out of 1/32 inch maximum).

PHYSICAL  DIMENSIONS

.oo 8"             T
.375" ± .015"

•83-o::-M,.",._

.865"

.375''±.015"      .035"MAX     .."I

.490``±.015"

11

.'95"±.ol5"    /
.425" ±.030"                                                 1

I.240" .  020"

TERMINAL  CONNECTIONS

Pin l-Internal Connection-Do Not Use
Pin 2-Heater
Pin 3-Cathode
Pin 5-Cathode
Pin 7-Heater
Pin 8-Cathode
Top Cap-Plate
Disk Terminal-Grid
Shell-Cathode RF Terminal

CASINO  DIAGRAM

RECEIVING  TUBE   DEPARTMENT

GENERAL © ELEO"I0
0wensboro, Kentucky
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DESCRIPTION   AND   RATING
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The 2C43 is a triode of lighthouse construction designed for use as a Class C
radio-frequency amplifier or pulsed oscnlator at frequencies as high as 3370
megacycles.

The  radio-frequency  cathode  connection  is  made  through  a  dick-type
capacitor which is incorporated in the tube. This results in a low-impedance
radio-frequency path from cathode to the external circuit.

The  envelope  construction  results  in  low  losses,  provides  convenient
contact surfaces, and enables the tube to fit easily into coaxial circuits.

GENERAL

AAAXIMUM  RATINGS
ABSOLUTE"AXIMUM  VALUES
RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR-
CLASS  C
Frequency...............

DC Plate Voltage ............
DC Plate Current ..........
DC Cathode Current ..........
Plate Dissipation
Heater-Cathode Voltage

Heater Positive with Respect to
Cathode

.1500     Megacycles

..500    Volts

. ,.40    Milliamperes

...55    Milliamperes
12    Watts

90    Volts

PLATE-PULSED   OSCILLATOR

Cathode Heating Time, minimum ......, 60    Seconds
Frequency
Peck Positive-Pulse Plate Supply

Voltage
Duty Factor of Plate Pulse.
Pulse Duration
Plate Current

Average During Plate Pulse .
Cathode Current

Average During Plate Pulse .

3370    Megacycles

3500    Volts

10    Microseconds

.2.75     Amperes

Heater Negative with Respect to
Cathode 90    Volts

Cathode-Cathode RF Connection Voltage
Cathode RF Connection Positive with

Respecttocathode ........... 90    Volts
Cathode RF Connection Negative with

RespecttoCathode ............... 90     Volts

Envelope Temperature at Hottest point.175    C

Plate Dissipation
Heater-Cathode Voltage

Heater Positive with Respect to
Cathode

Heater Negative with Respect to
Cathode . . .

12    Watts

90    Volts

90    Volts
Cathode-Cathode RF Connection Voltage

Cathode RF Connection Positive with
Respectto cathode ......... 90    Volts

Cathode RF Connection Negative with
RespecttoCathode ............... 90     Volts

.4.0    Amperes                       Envelope Temperature at Hottest point.175    C

GENERAL ©  ELECTRIC
Sup®rsed®s  ET-T1463  dol®d  9-51
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AVERAGE  CHARACTERISTICS
Heater Voltage .  .
Plate Voltage
Cathode-Bias Resistor .......
Amplification Factor . . .
Transconductance. .  .
Plate Current ......

CHARACTERISTICS  AND  TYPICAL  OPERATION

.6.3    Volts
250    Volts

..100     Ohms

.  .  .  50

. 8100    Micrornhos

...21     Milliamperes

PUSH-PULL  CW  OSCILLATOR,  VALUES  F:OR  TWO  TUBES
Frequency ................ 350       350     Megacycles
Heatervoltage .......... 5.8        5.8    Volts
DCplatevoltage ........... 360       470    Volts
GridResistor ................ 1000      1000     Ohms
DCplatecurrent .............. 28         38    Milliamperes
Power output, approximate ..... 4.7       9.0    Watts

PuSH-PULL  RADIO-F:REOUENCY  POWER  AMPLIFIER-CLASS
C-PLATE  MODULATED,  VALUES  FOR  TWO  TUBES
Frequency
Heater Voltage

300    Megacycles
5.8    Volts

DC platevoltage ..... 350    Volts
Grid Resistor . 1200     Ohms
DC Gridvoltage ....- 50    Volts
DC Grid current, approximate ...... 40    Milliamperes
DC Plate Current 48    Milliamperes
DrivingPower,  approximate ............ 3    Watts
Power Output 10    Watts

*  The  equipment  designer  should  design  the  equipment  so
that the heater voltage is centered at a value suitable for
the application. Heater voltage variations about the center
value should be kept as small as practical and should not, in
any case, exceed  ± 5 %. The optimum center value of heater
voltage depends on the cathode current  and on the other

PUSH-Pull  FREQUENCY  TRIPLER,  VALUES  FOR  TWO  TUBES

OutputFrequency ................... 300     Megacycles
Heater Voltage 5.8    Volts
DCPlateVoltage ................... 350     Volts
Grid Resistor .
DC Grid Voltage .  . .
DC Grid Current, approximate.
DC Plate Current . .
Driving Power, approximate . . .
Power Output.

PLATE-PuLSED   OSCILLATOR

Frequency
Duty Factor
Pulse Duration
Pulse Repetition Rate. . .

Peak Positive-Pulse Plate Supply
Voltage......

Grid-Bias Resistor . . .
Plate Current

Average
Average During Plate Pulse

Power Output
Average During Plate Pulse

2700    Ohms
..-.- 80    Volts
...... 30     Milliamperes
.,.... 50     Milliampcres

...3    Watts
4.4    Watts

3370    Megacycles

1.0    Microseconds
.1000    Pulses per

Second

.3000     Volts

..100     Ohms

2.5    Milliamperes
..2.5     Amperes

.1.75    Kilowatts

parameters  of  circuit  design  and  operation.  For  specific
recommendations. contact your General Electric tube sales
representative.

t  Heater current of a bogey tube at Ef = 6.3 volts.

I  Without external shield.

Absolute-Maximum  ratings  are  limiting  vcilues of operating cill  other  electron  devices  in  the  equipment.
and    environmental   conditions    appliccible   to   any   electrontubeofaspecifiedtypeasdefinedbyitspublisheddotciandshouldnotbeexceededundertheworstprobablecondi-lions, The   equipment   mcinufacturer   should    design   so   thclt   ini-tiallyandthroughoutlifenocibsolute-maximumvaluefortheintendedserviceisexceededwithcinytubeundertheworstprobableoperatingcondilionswithrespecttosupply-

The   tube   monufactui.er   chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equip-
acceptable  serviceability  of  the  tube,  making  no  allowanceforequipmentvariations,environmentolvariations,andtheeffectsofchangesinoperatingconditionsduetovariations ment   control    cldiustment,    load   variation,   signal   varicltion,environmentalconditions,andvclriationsinthecharocteris-ticsofthetubeunderconsiderationandofallotherelectron

in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.
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NOTE  1
Glass   shall   not   protrude   beyond   edge   of   plate
terminal or grid RF connection.

NOTE  2
Plate  terminal  and  grid  RF  connection  to  be  con-
centric with  respect  to the  cathode RF  connection
within 1/64 inch (runout 1/32 inch, maximum).

TERMINAL   CONNECTIONS

Connection

Internal Connection
Heater
Cathode
Cathode
Heater
Cathode

BASING  DIAGRAM

RECEIVING  TUBE   DEPARTMENT

GENERAL ©  ELECTRIC
Owensboro, Kentucky
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DESCRIPTION   AND   RATING

FOR  GROUNDED-GRID  OSCILLATOR,  AMPLIFIER,  AND
FREQUENCY  MULTIPLIER  SERVICE

Metal and ceramic                                                            Pulse Rated
High Transconductance                                               Shock Resistant

100 Watts Plate Dissipation
The 3CX100A5 is a metal-and-ceramic, high-mu triode designed for use as

a  grounded-grid  CW  oscillator,  amplifier,  or  frequency  multiplier  at  fre-
quencies as high as 2500 megacycles. In addition, it may be used as a plate-
pulsed oscillator or amplifier at frequencies as high as 3000 megacycles.

Features  Of  the  3CxlooA5  include  plaLnar  electrode  construction,  high
plate dissipation capability, excellent electrode isolation, low radio-frequency
tosses, high transconductance, and low interelectrode capacitances.

GENERAL

ELECTRICAL
Cathode-Coated Unipotential
Heater Characteristics and Ratings
Heater Voltage, AC or DC ............. *    Volts
Heater Current at Ef=6.0 volts ...... I.Ot    Amperes
Cathode Heating Time, minimum ...... 60    Seconds
Direct lnterelectrode Capacitances|

Grid to Plate: (g to p) . . .
Grid to Cathode: (g to k)
Plate to Cathode:

(ptok),maximum ............. 0.035     pf

MECHANICAL
Mounting Position-Any-Only Plate Flange to be Used as a
Socket Stop and Clamp
NetWeight,  approximate ............ 2.5     Ounces
Cooling

Plate and Plate Seal-Conduction and Forced Air
Grid and Cathode Seals-Conduction and Forced Air
Recommended Air Flow Cowling-157-]AN
Recommended Air Flow on Plate Radiator at Sea Level

Incoming Air Temperature  25C, Plate
Dissipation  100  Watts ........ 12.5     Cu.Ft.PerMin.

MAXIMUM  RATINGS
ABSOLUTE"AXIMUM  VALUES
RADIO-FREQUENCY  POWER   AMPLIFIER  AND  OSCILLATORTiLASS  C  TELECR^PHY

Key-Down   Conditions   Per   Tube   Without   Amplitude
Modulations

HcaterVoltage* ................ 4.5to5.7     Volts
Frequency 2500    Megacycles
DCplatevoltage ................ 1000     Volts
Negative DC Grid voltage ........ 150    Volts
Peak Positive RF GridVoltage ......... 30    Volts

Peak Negative RF Grid Voltage ...... 400    Volts
DC Grid Current 50    Millianperes
DCCathodeCurrent ................ 125     Millianperes
Plate Dissipation
Grid Dissipation

100    Watts
2.0    Watts

Envelope Temperature at Hottest point. 300    C

RADIO-FREQUENCY  POWER  AMPLIFIER   AND   OSCILLATOR-CLASS  C  TELEPHONY

Carrier  Conditions  Per  Tube For Use With  a  Maximum
Modulation Factor of 1.0

HeatcrVoltage* ................ 4.5to5.7     Volts
Frequency 2500    Megacycles
DCPlateVoltagefl ................. 600     Volts
Negative DC Grid voltage .... 150    Vo.Its
Peak Positive RF Grid Voltage ......... 30    Volts

PLATE-PuLSED   OSCILLATOR   OR   AMPLIFIER

HeaterVoltage* ................ 5.7to6.0     Volts
Frequency
Peak Positive-Pulse Plate Supply

Voltage

3000    Megacycles

3500    Volts
Duty Factor of Plate Pulse # A ..... 0.0025
PulseDuration ..................... 3.0     Microseconds
Plate Current

Average During Plate PulseA** ..... 3.0    Amperes

GENERAL

Peak Negative RF Grid Voltage ....... 400    Volts
DC Grid Current 50    Milliamperes
DCCathodeCurrent ................ loo     Milliamperes
PlateDissipation ..................... 70     Watts

GridDissipation .........,.......... 2.0     Watts

Envelope Tem|)erature at Hottest point. 300    C

Negative Grid Voltage
Average During Plate Pulsett ....... 150    Volts

Grid Current
Average During Plate Pulse ........ 1.8    Amperes

Plate DissipationA ........ 27     Watts
GridDissipationA .................. 2.0     Watts

Envelope Temperature at Hottest point. 300    C

© ELEC"lc
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CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAOE  CHARACTERISTICS

Heater Voltage .............
Plate Voltage ....
Grid Voltage§ §
Amplification Factor ....
Transconductance.......
Plate Current

.6.0    Volts
.600    Volts

.  .  .100

. 25000    Micromhos
70    Millianperes

RADIO-FREQUENCY   POWER   AMPLIFIER

Frequency
DC Plate Voltage. . .
DC  Grid Voltage ..............
DC Plate Current .  .
DC Grid Current, approximate. . .
Driving Power, approximate .  .
Useful Power Output. . .

RADIO-FREQUENCY  OSCILLATOR

Frequency

500    Megacycles
.900    Volts
-40    Volts
..90    Milliamperes
..30    Milliamperes
...6    Watts
..40    Watts

2500    Megacycles

*  The  equipment  designer  should  design  the  equipment  so
that heater voltage is  centered at  some value within the
range of 4.5 to 5.7 volts for CW operation, or 5.7 to 6.0 volts
for  pulse  operation.  Heater  voltage  variations  about  the
center value should be kept as small as practical and should
not, in any case,  exceed  ±5%. The optimum center value
of heater voltage depends on the cathode current  and on
other  parameters   of  circuit   design   and   operation.   For
specific  recommendations,  contact  your  General  Electric
tube sales representative.

t  Heater current of a bogey tube at Ef = 6.0 volts.
I  Measured in a special shielded socket.
§  Modulation essentially negative may be used if the positive

peak   Of  the   audio-frequency   envelope  does  not   exceed
115 % of the carrier conditions.

DC Plate Voltage ,...........
DC Chid Voltage, approximate .
DC Plate Current ....
DC Grid Current
Useful Power Output ........

PLATE-PULSED   OSCILLATOR

Frequency
Heater Voltage
Duty Factor
Pulse Duration

..... 900     Volts
.....- 22     Volts
....... 90     Milliamperes

10    Milliamperes
.17    Watts

3000    Megacycles
5.8    Volts

3.0    Microseconds
Peak  Positive-Pulse  Platesupply

Voltage.  . .
Plate Current

Average During Plate Pulse .  . .
Grid Cunent

Average During Plate Pulse .....
Useful Power Output

Average During Plate Pulse . . .

3500    Volts

..3.0    Amperes

... 1.8     Amperes

.... 1.6     Kilowatts

fl For  modulation  factors  less  than  I.0,  a  higher  d-c  plate
voltage may be used if the sum of the peak positive audio
voltage  and  the  d-c  plate  voltage  does  not  exceed  1200
volts.

# Applications with a duty factor greater than 0.0025 should
be referred to your General Electric tube sales representa-
tive for recommendations.

Aln any 5000-microsecond interval.
**The regulation and/or series plate-supply impedance must

be such  as to limit the peak current, with the tube con-
sidered a short circuit, to a maximum of 30 amperes.

ttThe maximum  instantaneous  value  should  be within  the
range of +250 to  -750 volts.

§§Adjusted for Ib = 70 milliamperes.

Absolute-Maximum ratings are limiting values of operating       all  other electron  devices  in  the  equipment.andenvironmentcilconditionsapplicabletoanyelectronTheequipmentmanufcicturershoulddesign   so   that   ini-tubeofaspecifiedtypeasdefinedbyitspublisheddatatiallyandthroughoutlifenoobsolule-maximumvalueforandshouldnotbeexceededundertheworstprobablecondi-theintendedserviceisexceededwithanytubeunderthelions.worstprobableoperatingconditionswithrespecttosupply-

The   tube   manufacturer   chooses   these   values   to   provide       voltage   variation,   equipment   component   variation,   equlp-acceptableserviceabilityofthetube,makingnoallowancementcontroladiustment,loadvoriotion,signalvariation,forequipmentvaricitions,environmentalvariations,andtheenvironmentalconditions,andvariationsinthecharocteris-effectsofchangesinoperatingconditionsduetovariationsticsofthetubeunderconsiderationandofallotherelectron

in  the  characteristics  of  the  tube  under  consideration  and  of      devices  in  the  equipment.



INITIAL  CHARACTERISTICS  LIMITS

Min,       Max.
Heater Current

Ef = 6.0 volts

Grid Voltage
Ef = 6.0 volts, Eb = 1000 volts,  Ib = 100 rna. . .

Grid Voltage
Ef = 6.0 volts, Eb = 1000 volts, Ib = 1.0 rna

Negative Grid Current
Ef = 6.0 volts, Eb = 1000 volts, Ec adjusted for Ib = 100 rna ....

Interelectrode Leakage Resistance
Ef = 6.0 volts, Polarity of applied d-c interelectrode voltage is such
that no cathode emission results

Grid to Cathode at 500 volts d-c

I nterelectrode Capacitances
Grid to Plate: (g to p) .....
Grid to Cathode: (g to k)
Plate to Cathode: (p to k)

3CXIOOA5
ET-F21
Page  3

'2-6'

0.90        1.05    Amperes

-2.0      -7.0    Volts

-25    Volts

8.0    Microanperes

50....Megohms

I.95        2.15    Picofarads
5.6          7.0    Picofarad§

0.035    Picofarads

SPECIAL   PERFORJVIANCE  TESTS

Min,       Max,
Oscillator Power Output

Tubes are tested for power output as an oscillator under the fol-
lowing  conditions:  Ef=5.0  volts;  F=2500  MC,  min.;  Eb=1000
volts; Ib =90 rna

Pulsed-Oscillator Power Output
Tubes are tested for power output as an oscillator under the fol-
lowing  conditions:  Ef =5.8  volts;  F=3000  MC,  min.;  epy=3500
volts;  tp=3.0  #sec.   ±10%;  Du=0.0025   ±5°/a;  Rg  adjusted  for
lb = 7.S rna; Ec = -1.5 volts, max. ;  Ic = 4.5 rna, max ..........

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure of 54
mm  Hg.  Tubes  shall  not  give  visual  evidence  Of flashover  when
1000  volts  RMS,  60  cps,  is  applied  between  the  plate  and  grid
terminals.

15....Watts

4.0....Watts

DEGRADATION  RATE  TESTS
Shock

Statistical sample subj ected to 5 impact accelerations of approximately 400 a and 0.5 milliseconds
duration  in  each  of three  positions.  The  accelerating forces  are  applied  by  the  Navy-type,  High
Impact (flyweight)  Shock Machine.

500-Hour Life Test
Statistical sample operated for 500 hours as an oscillator to evaluate changes in power output with

life.
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PHYSICAL  DIMENSIONS

NOTES

1.   The total indicated runout of the plate contact surface with respect to
the cathode contact surfaces will not exceed .020 inch.

2.   The total indicated runout of the cathode contact surface with respect
to the heater contact surfaces will not exceed  .012  inch.

3.   The total indicated runout of the grid contact surface with respect to
the cathode contact surface will not exceed .020 inch.

4.   Do not clamp or locate on this surface.
5.   Hole provided for tube extractor through the top fin only.
6.   Measure plate shank temperature on this surface.

DIMENSIONS   l=OR
OuTLINE   (INCHES)

Minimum             Maximum

1.815

DIMENSIONS   FOR   ELECTRODE
CONTACT   AREA   (INCHES)

Dimension               Conlacl

.198 ±.163              Plate
1.225 ±.040               Grid
1.631 ±.097              Heater
I.645 ±.170              Cathode

I
I
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AVERAGE   CONSTANT-CuRRENT   CHARACTERISTICS
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PLANAR   TRIODE

DESCRIPTloN   AND   RATING

6299
ET-T I 1 66D

Page   1
'241

FOR GROUNDED-GRID CLASS A UHF AMPLIFIER APPLICATIONS
Metal and ceramic                                                                  Small size
Low Noise                                                                   Conduction ccoled

The 6299 is a high-mu metal-and-ceramic triode intended for operation as
a grounded-grid, Class A radio-frequency amplifier at frequencies as high as
3000 megacycles.

Features of the tube include small size, planar electrode construction with
close  spacing,  inherent  rigidity,  and  an  envelope  structure  convenient  for
coaxial circuit applications.

At 1200 megacycles a noise figure of less than 8.5 decibels may be obtained
when the 6299 is used in a grounded-grid coaxial circuit.

In radar receivers, or similar applications, where the grid of the tube may
be driven positive by leakage pulses, consideration should be given to use of
the  7644 in place of the 6299.

GENERAL

MAXIMUM  RATINGS
ABSOLUTE"AXIMUM  VALUES
Plate Voltage .  .
Positive DC Grid Voltage .  .
Negative DC Grid Voltage .  .

.200     Volts

...0     Volts

..15     Volts

Plate Dissipation .  .
DC Plate Current .
DC Grid Current//

.2,0    Watts
.12     Milliampcres
•Ofl     Milliamperes

Envelope Temperature at Hottest point.150    C

Absolute-Maximum  rcltings  are  limiting  values of operatingandenvironmentalconditionsappliccibletocinyelectrontubeofaspecifiedtypeasdefinedbyitspublisheddcita all  other  electron  devices  in  the  equipment.Theequipmentmanufacturershoulddesign   so   thal   ini-tiallyclndthroughoutlifenoabsolute-maximumvaluefor

cind  should  not  be  exceeded  under  the  worst  probcible  condi- the   inlended   service   is   exceeded   with   any   tube   under   the
lions,The   tube   manufcicturer   chooses   these   values   to   provideacceptableserviceabilityofthetube,mcikingnocillowanceforequipmentvariations,environmentalvciriations,andthe worst  probable  operating  conditions  with  respect  to  supply-voltagevariation,equipmentcomponentvciriation,equip-mentcontroladiustment,loadvciriation,signalvclricllion,environmentcllconditions,andvariationsinthecharacteris-

effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  cind  of  cill  other  electron
in  lhe  characteristics  of  the  tube  under  consideration  and  of devices  in  lhe  equipment.

?:.:T::,;rat;u:b:,i.,si,:,T;dfaf:e:;apn.:.::`:.,ii;s,,:h;:;::,snf:::,,!h;:.':a,;i,cemf:a:sin:!o:S;c,a::c;r;.:;:yb:y;ni:!t::T:::;;::f     ij:a;:r:a:;sn;;i:;r::f c::;ei:a:neeysoa:s,::;oe,ei:n:ordej,;,:w::s,''oe,rna:,ff:a:n?scinn;fr!:ngy:hpmeuar:iano:r:,,rn:g;
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AVERAOE   CHARACTERISTICS

Plate Voltage .  .
Grid Voltage # . .
Amplification Factor .....

CHARACTERISTICS  AND  TYPICAL  OPERATION

.175     Volts
.     Volts

.Ilo
Plate Resistance, approximate ...... 7300    Ohms

CLASS   Ai   RF   AMPLIFIER

CROUNDED¢RID,  COAXIAL-TYPE  CIRCUIT

Frequency
Plate Voltage
Plate -Supply Voltage * *

Transconductance ..... 15000    Micromhos
Plate Current 10    Millianperes
Plate Voltage, approximate

Ib=10 Milliamperes, Ec=0 Volts .... 125    Volts

450             1200          1200          1200          3000     Megacycles
A                                  A            175              A     Volts

300                                                    ...      Volts
Resistor in plate circuit  (bypassed) ......                                 17500                                                ...     Ohms
Chid Voltaget t
Plate Current
Bandwidth, min. .
Gain. .

0                   0                0              §i                0    Volts
10                 10               10               10               10     Milliamperes
9                  10               10               10               10     Megacycles

17.5                    17                 17                 17                 11      Decibels

Noise Figure, Power-Matched..                                      4.5

*  The  equipment  designer  should  design  the  equipment  so
that heater voltage is centered at the specified bogey value,
with   heater   supply   variations   restricted   to   maintain
heater voltage within the specified tolerance.

t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Without external shield.
§  Good thermal contact to the anode and cathode must be

provided  to  conduct  heat  from  the  elements.  The  anode
contact must bc sufficiently flexible to keep lateral force on
the anode terminal at a minimum.

//The 6299 is rated only for Class A amplifier service.
fl Does not apply to initial-emission-velocity current.

Heater Current
Ef = 6.3 volts .

8.2              8.0              8.5            13.2     Decibels

# Adjusted for lb = 10 milliamperes.
AAdjust  for  Ib = 10  milliamperes;  range  must  be  variable

from 75 to 200 volts.
* *Supply should be regulated.

ttFor operation above  1000 megacycles, the minimum noise
figure will generally be obtained by operation at zero bias.
For operation below 1000 megacycles, the use of a cathode
resistor or grid bias should be evaluated for the particular
application.

§§Adjustcd   for   Ib=10   milliamperes:    200   ohm   variable
cathode resistor recommended.

INITIAL  CHARACTERISTICS  L.NITS

Min.          Bogey         Max.

Plate Voltage
Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for lb = 10 rna ......

Transconductance
Ef = 6.3 volts, Eb = 175 volts, Ec adjusted for Ib = 10 rna.  . .

Amplification Factor
Ef =6.3 volts, Eb = 175 volts, Ec adjusted for Ib = 10 rna . . .

Interelectrode Leakage Resistance
Ef = 6.3 volts, Polarity of applied d-c interelectrode voltage is
such that no cathode emission results.

Grid to Cathode and Heater at 45 volts d-c .
Grid to Plate at 500 volts d-c

I nterelectrode C apacitances
Grid to Plate: (g to p)
Grid to Cathode and Heater: g to (h +k) .
Plate to Cathode and Heater: p to (h +k) .

280              300              320    Milliamperes

75                125                175     Volts

11500          15000                    .      Micromhos

85                 110                 140

0.25.....Megohms
S.0.....Megohms

1.5             I.75               2.0    Hcofarads
3.0            3.65               5.0    Picofarads

0.015          0.025     Picofarads



SPECIAL  PERFORMANCE  TESTS

Min.           Max,

Noise Figure-450 MC
Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for Ib = 10 rna, F = 450 ± 5 MC . .

Noise Figure-1200 MC
Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for Ib = 10 rna, F = 1200 ± 5 MC .

Noise Figure-3000 MC
Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for Ib = 10 rna, F = 3000 ± 5 MC .

Power Gain-450 MC
Ef =6.3 volts, Ec =0 volts, Eb adjusted for Ib = 10 rna, F =450 ±  5MC,
Bandwidth =9 MC min. .

Power Gain-1200 MC
Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for lb = 10 rna, F = 1200 ± 5 MC,
Bandwidth = 10 MC min. .

Power Gain-3000 MC
Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for Ib = 10 rna, F = 3000 ± 5 MC,
Bandwidth = 10 MC min. .

5.0    Decibels

8.5     Decibels

13.5     Decibels

1 5           .....      Decibels

15                    .      Decibels

10                    .      Decibels

6299
ET-T 1 1 66D

Page  3
'2{'

DEGRADATION  RATE  TESTS
1000-Hour Life

Statistical sample operated for 1000 hours to evaluate changes in transconductance and noise figure with life.



6299
ET-I 1 I 66D
Page  4
'2-6' PHYSICAL  DIMENSIONS

+ .col " ± o05" DIA.

+      L    .o62..±oo3"DIA

DIMENSIONAL  TOLERANCES

`g  ,4d-+I
•±cxx'?`i              :a-!    ===§

a +I •.I9
?-:+',_+?:§ §+

I     t

_-+IS!r)
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3_2 4
I 5.`

2," 32      ,9"

64 32

Ff`ACTIONAL     TOLERANCES

+  oa    LEss±.oo8"   OVEB  -i  I  oi5.'

NOTES:
1.   Maximum eccentricity 0.007"  (runout 0.014")
2.   Maximum eccentricity 0.008"  (runout 0.016")
3.   Maximum eccentricity 0.010"  (runout 0.020")
4.   Maximum eccentricity 0.015"  (runout 0.030")
5.   Maximum eccentricity 0.010"  (runout 0.020")

Eccentricities   measured   with   respect   to   center   line
through gage. Tube shall be rotated 360° in gage without
binding.
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PFtEDICTED    NOISE    PERFORMANCE
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DESCRIPTION   AND   RATING
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FOR GROUNDED-GRID OSCILLATOR AND AMPLIFIER SERVICE
Metal and ceramic                                                                Small size

Two Kilowatts Useful Pulse Power Output
The  6442 is a high-mu,  metal-and-ceramic triode intended for operation

a§  a  plate-pulsed,  grounded-grid  oscillator  at  frequencies  as  high  as  5000
megacycles. The 6442 is also useful as a CW, radio-frequency power amplifier
or frequency multiplier at frequencies as high as 2500 megacycles.

Features of the 6442 include small size, planar electrode construction with
close spacing, inherent rigidity, an envelope structure convenient for coaxial
circuit applications, and excellent resistance to vibration and shock.

GENERAL

ELECTRICAL

Cathode+Coated Unipotential
Heater Characteristics and Ratings
Heater Voltage, AC or DC . . .
Heater Current at Ef = 6.3 volts ....
Direct lnterelectrode Capacitancesl

Grid to Plate: (g to p) . . .

*    Volts•........ 0.9t  Amperes

•2.3     pf
GridtoCathode:(gtok) ........... 5.o     pf
Platetocathode: (ptok),max ...... 0.045    pf

MEcllANICAL
Mounting Position-Any
Net Weight,  approximate ...........
Cooling-Conduction and Convection

MAXIMUM  RATINGS

ABSOLUTE-MAXIMUM  VALUES

PLATE-PULSED   OSCILLATOR   SERVICE

Heater voltage* ..... 5.7 to 6.3    Volts
Cathode Heating Time, minimum .... 60    Seconds
Frequency 5000    Megacycles
Peak Positive-Pulse Plate Supply

Duvt;Its:=o.r.of p,ate pu,sefl # ........... o3.38:    volts
PulseDuration ...................... 2.0     Microseconds
Plate Current

A:Neragf3 # 2.5    Millianperes
Average During Plate PulseA ....... 2.5    Amperes

Negative Grid Voltage
Average During Plate Pulse.

Grid Current
AN ergigF3 #
Average During Plate Pulse . . .

Plate IHssipation # .....
Peak Heater-Cathode Voltage

Heater Positive with Respect to
Cathode

Heater Negative with Respect to
Cathode

.1     Ounce

..100     Volts

1.25    Milliamperes
.1.25     Amperes

...7.5     Watts

90    Volts

90    Volts
Envelope Temperature at Hottest point  175    C

Absolute-Maximum ratings are limiting values of operatingandenvironmentalconditionsapplicabletoanyelectron all  other electron  devices  in  the equipment.Theequipmentmanufacturershoulddesign   so   that   ini-

tube  of  a  specified  type  as  defined   by  its  published  data tially   cind   throughout   life   no   absolute-maximum   value   for
and  should  not  be exceeded  under the worst probable condi- the  jnlended  service  is  exceeded  with  any  tube  under  the
lions, worst  probable operating  conditions  with  respect  to  supply-

The   tube   mclnufacturer  chooses   these   values   to   provide voltage   variation,   equipmenl   component   variation,   equip-
occeplable  serviceability  of  lhe  tube,  making  no  allowance ment   control   adiustmenl,   load   variation,   signal   voriotion,
for  equipment  variations,  environmental  variations,  and  the environmental  conditions,  cind  variations  in  the  characteris-
effects  of  changes  in  operclting  conditions  due  to  voriotions tics of the tube under consideration and  of all  other electron
in  the characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

GENERAL ©  ELEC"I0
Suporsed®s  ET.T1167B  dated  3-60
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12-6' MAXIMUJVL  RATINGS  (ConTlhued)

R^D]O-FREQUENCY POWER AMPLIFIER AND OSCILLATOR-
CLASS  C  TELEGRAPHY
Key-down Conditions per Tube Without Amplitude Modula-
tion**
HeaterVoltage* ................ 4.5to5.7     Volts
Cathode Heating Time, minimum ...... 30    Seconds
Frequency
DC Plate Voltage ,,......
Negative DC Grid Voltage.
DC Plate Current ........
DC Grid Current
Plate Dissipation
Peck Heater-Cathode Voltage

Heater Positive with Respect to
Cathode . . .

Heater Negative with Respect to
Cathode

2500    Megacycles
..350     Volts
...50     Volts
...35    Milliamperes

15    Millianperes
8.0    Watts

90    Volts

90    Volts
Envelope Temperature at Hottest point.175    C

RADIO-FREQUENCY POWER AMPLIFIER AND OSCIl.LATOR-
CLASS  C  T[LEPHONY
Carrier  Conditions  per  Tube  For  Use  With  a  Maximum
Modulation Factor of I.0
HeaterVoltage* ................ 4.5to5.7     Volts
Cathode Heating Time, minimum ....... 30    Seconds
Frequency
DC Plate Voltage .........
Negative DC Grid Voltage.
DC Plate Current ........
DC Grid Current
Plate Dissipation
Peal: Heater-Cathode Voltage

Heater Positive with Respect to
Cathode

Heater Negative with Respect to
Cathode

2500    Megacycles
..275     Volts
...50     Volts
...35    Milliamperes

15    Millianperes
6.0    Watts

90    Volts

90    Volts
Envelope Temperature at Hottest point.175    C

CHARACTERISTICS   AND  TYPICAL   OPERATION

AVERAGE   CHARACTERISTICS

Heater Voltage
Plate Voltage .
Grid Voltage

6.3    Volts
..350     Volts
-4.25    Volts

PLATE-PuLSED   OSCILLATOR

Frequency .
Heater Voltage .....
Duty Factor . .
Pulse Duration
Pulse Repetition Rate .  .
Peak Positive-Pulse Plate

Supply Voltage
Negative Grid Voltage

Average During Plate Pulse
Grid-Bias Resistor
Plate Current

Average.
Average During Plate Pulse

Grid Current
Average......
Average During Plate Pulse

Useful Power Output
Average .
Average During Plate Pulse .

Amplification Factor ....
Transconductance.....
Plate Current

RADIO-FREQUENCY  POWER   AMPLll=lERutLASS  C  TELEORAPHY

Frequency .  .
Heater Voltage
DC Plate Voltage
DC Plate Current
DC Grid Current
Driving Power . .
Useful Power Output

........  50

.......... 16500     Micromhos
35    Millianperes

3500           5000    Megacycles
6.0               6.0    Volts

0.001            0.001
1.0               1.0    Microseconds

1000           1000    Pulses per  second

3000           3000    Volts

75                75    Volts
50                50    Ohms

2.S               2.5     Milliamperes
2.5               2.5     Amperes

1.25             1.25     Milliamperes
l.2S             1.2S     Amperes

0.5    Watts
0.5    Kilowatts

1000    Megacycles
5.7     Volts
250    Volts
23    Milliamperes

6.0    Milliamperes
0.35    Watts
2.8    Watts
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*  The equipment designer should design the equipment so that heater voltage is centered at some value within
the  range  of 4.5  to  5.7  volts  for  CW operation, or  5.7  to  6.3 volts  for  pulse  operation.  Heater voltage
variations  about  the center value should be kept as small as practical and should not, in any case, exceed
±5%. The optimuln  center value  of heater voltage depends on the cathode current and on otber param-
eters of circuit design and operation.  For specific  recommendations,  contact  your  General  Electric  tube
sales representative.

t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Measured in a special shielded socket.
fl Applications with a duty factor greater than 0.001  should be referred to your General Electric tube sales

representative for recommendations.

# In any 5000 microsecond interval.

AThe regulation and/or series plate-supply impedance must be such as to limit the peak current, with the
tube considered a short circuit, to a maximum of 25 amperes.

**Modulation essentially negative may be used if the positive peak of the audio-frequency envelope does not
exceed 115 percent of the carrier conditions.

INITIAL  CHARACTERISTICS  LIMITS

Min.          Bogey         Max.
Heater Current

Ef =6.3 voltg.  .  .
Grid Voltage

Ef = 6.3 volts, Eb = 350 volts
Ib -35 rna

Transconductance
Ef = 6.3 volts, Eb =350 volts
Ec adjusted for Ib =35 rna .  .

Amplification Factor
Ef =6.3 volts, Eb =350 volts
Ec adjusted for Ib =35 rna

Negative Grid Current
Ef = 6.3 volts, Eb = 350 volts
Ec adjusted for lb =35 rna. .

Interelectrode Leakage Resistance
Ef = 6.3 volts, Polarity of applied d-c interelectrode volt-
age is such that no cathode emission results

Grid to Cathode at 100 volts d-c .
Grid to Plate at 500 volts d-c

840             900             960    Milliamperes

-2.5        -4.25        -5.75    Volts

.13500          16500          19000    Micromhos

35                 50                 65

0.5    Microanperes

25.....Megohm8
250.....Megohms

Heater-Cathode Leakage Current
Ef =6,3 volts, Bhk = 100 volts

Heater Positive with Respect to Cathode ................
Heater Negative with Respect to Cathode ........

Interelectrode Capacitances
Grid to Plate: (g to p)
Grid to Cathode: (g to k)
Plate to Cathode: (p to k)

100    Microanperes
loo    Microanperes

2.10               2.3             2.45     Picofarads
4.60               5.0            5.45    Picofarads

0.045    Picofarads
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12.61 SPECIAL   PERFORJVLANCE  TESTS

Pulsed®scillator Power Output
Tubes are tested for power output as an  oscillator under the following
conditions:  Ef=6,0  volts;  F=3450  MC,  min.;  epy=3000  volts;  tp=
1.0   #sec.±10%;   prr   adjusted   for   Du=0.001±5%;   Rg   adjusted   for
Ib -2.5 rna

Pulse Emission
Tubes are tested for pulse emission under the following conditions: Ef =
6.3  volts; tp = 1  to  3  4sec.;  Du =0.0005,  min.;  prr =500  pps,  mar.;  eb =
ec and adjusted for is =8 amp

Min,         Max.

1.75.....Watts

175     Volts

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure of 250 rnm
Hg.  Tubes  shall  not  give visual  evidence  of flashover  when  3000.volts
HMS, 60 cps, is applied between the plate and grid terminals

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure of 20 mm
Hg.  Tubes  shall  not  give  visual  evidence  of  flashover  when  500  volts
HMS, 60 eps, is applied between the plate and grid teminals

DEGRADATION  RATE  TESTS
Shock

Statistical sample subjected to 5 impact accelerations of approximately 400 G and 1.0 milliseconds duration
in  each  of four  positions.  The  accelerating  forces  arc  applied  by  the  Navy-type,  High  Impact  (flyweight)
Shock Machine.
500-Hour Life Test

Statistical sample operated for 500 hours as a pulsed oscillator to evaluate changes in power output with life.
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I.5,

Note    1.   Applies to minimum surface for anode d-c and r-f terminal only.  Other surfaces must not be used for these terminal
purposes.

Note    2.   Applies to minimum surface for grid d-c and r-f terminal only. Other surfaces, except for Notes 3 and 4, must not be
used for terminal purposes.

Note   3.   Applies to minimum surfaces for grid d-c and r-f terminal only.
Note   4.   The cylindrical surface of this diameter may bc used for grid d-c and r-f terminal purposes.
Note   5.   The surfaces defined by Notes 2, 3, and 4 shall be the only surfaces used for tube stops and clamping purposes.
Note   6.   Other surfaces shall not be used for cathode d-c and r-f terminal purposes.
Note    7.   Other surfaces shall not be used for anode d-c and r-f terminal purposes.
Note   8.   Applies to surface designated  for cathode d-c and r-f terminal.  Solder at brazed joint will not exceed  the maximum

diameter.
Note   9.   The maximum eccentricity of the anode and cathode with respect to the grid terminal in a prescribed jig is 0.010 (or

maximum total runout of 0.020) and is measured by indicators at the points designated.
Note 10.   The maximum eccentricity of heater-terminal No.  1  and heater-terminal No.  2 with respect to the grid terminal in a

Prescribed jig is 0.015  (or maximum total runout of 0.030) and is measured by indicators at the points designated.
Note 11.   Exhaust tubulation must not be subjected to any mechanical stress.
Note 12.   For reference only. Dimension does not include any possible solder fillet.
Note 13.   This area is reserved for tube stamping and coding.
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FOR  GROUNDED-GRID  OSCILLATOR,  AMPLIFIER.  AND
FREQUENCY  MULTIPLIER  SERVICE

Metal and ceramic                                                                Small size
The 6771 is a high-mu, metal-and-ceramic triode intended for operation as

a  grounded-grid  oscillator,  radio-frequency  power  alnplifier,  or  frcqucncy
multiplier at frequencies as high as 4000 megacycles. The 6771 is also useful
as  a  plate-pulsed,  grounded-grid  oscillator  at  frequencies  as  high  as  5000
megacycles.

Features of the 6771 include small size. planar electrode construction with
close spacing, inherent rigidity, an envelope structure convenient for coaxial
circuit applications, and excellent resistance to vibration and shock.

GENERAL

ELECTRICAL

Cathode-Coated Unipotential
Heater Characteristics and Ratings
Heater voltage, AC or DC ....              *           Volts
Heater current at Ef=6.3 volts ..... '0.575t      Amperes
Direct Interelectrode Capacitancest

Grid to Plate:  (g to p) . . .
Grid to Cathode: (g to k)
Plate to Cathode: (p to k)

..., 2.03           pf
..... 4.05           pf

...0.018           pf

MECHANICAL

Mounting Position-Any
Net Weight, approximate ........... 0.9         Ounces
Cooling-Conduction and Convection

MAXIMUM  RATINGS

ABSOLUTE-MAXIMUM   VALUES

RADIO-FREQUENCY  AMPLIFIER-CLASS  A

Heatervoltage* ......... 4.5 to  5.7     Volts
DC platevoltage ........ 300    Volts
Negative DC Grid voltage ...... 25    Volts
DC plate current ..... 25    Milliamperes
Plate Dissipation ...... 6.25    Watts

Peak Heater-Cathode Voltage
Heater Positive with Respect to

Cathode
Heater Negative with Respect to

Cathode

90    Volts

90    Volts
GridCircuitResistance ............... 0.5    Megohms
Envelope Temperature at Hottest point.175    C

Absolute-Maximum ratings ore limiting values of operating
and   environmental   conditions   applicable   to   any   electron
tube  of  a  specified  type  os  defined  by  its  published  data
and  should not be exceeded  under the worst probable condi-
tions,

The   tube   manufacturer  chooses   these   values   to   provide
acceptable  serviceobility  of  the  tube,  making  no  allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  tube  under  consideration  and  of

all  other electron  devices  in  the  equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   lhroughout   life   no   absolute-maximum   value  for
the  intended   service  is  exceeded  with  any  tube  under  the
worst  probable operating  conditions  with  respect  to supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental  conditions,  and  variations  in  the  characteris-
tics  of  the  tube  under considerolion  and  of  all  other  electron
devices  in  the  equipment.

GENEnAL © ELEC"I0
Sup.rsed®S  ET-T151BA  dol®d  3-cO
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RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR-
CLASS   C   TELEGRAPHY

Key-Down  Conditions  per  Tube  Without  Amplitude  Mod-
ulationi
Heater Voltage* . .
DC Plate Voltage .  .
Negative DC Grid Voltage. . .
DC Plate Current .  .
DC Grid Current .  .

.4.5to  5.7     Volts

Plate Dissipation. . .
Peak Heater-Cathode Voltage

Heater Positive with Respect to
Cathode .  . .

Heater Negative with Respect to
Cathode.  .  .

..275     Volts

...25     Volts

...25     Milliamperes
..8.0     Milliamperes
.6.25     Watts

...90     Volts

...90     Volts

Grid circuit Resistance ...... 0.1     Megohms
Envelope Temperature at Hottest point.175    C

RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR-
CLASS   C   TELEPHONY

Carrier  Conditions  per  Tube  for  Use   With   a   Maximum
Modulation Factor of  I.0
Heater Voltage*. .
DC Plate Voltage. . .
Negative DC Grid Voltage .
DC Plate Current .  .
DC Grid Current . . .

.4.5to5.7     Volts

Plate Dissipation .  . .
Peak Heater-Cathode Voltage

Heater Positive with Respect to
Cathode

Heater Negative with Respect to
Cathode.  .  .

Grid Circuit Resistance .

...250     Volts

...25     Volts

...22     Milliamperes
...8.0     Milliamperes
...5.0     Watts

90    Volts

..90     Volts
..0.1     Megohms

Envelope Temperature at Hottest point.175    C

AVERAGE   CHARACTERISTICS

Heater Voltage .  .
Plate Voltage .  .
Grid Voltage,  approximate .  .
Amplification Factor .  . .
Transconductance .  .
Plate Current .

FREQUENCY   MULTIPLIER    _

Heater Voltage*. .
DC Plate Voltage. . .
Negative DC Grid Voltage .
DC Plate Current .  .
DC Grid Current . . .

.4.5to  5.7     Volts

Plate Dissipation .  .
Peak Heater-Cathode Voltage

Heater Positive with Respect to
Cathode

Heater Negative with Respect to
Cathode

Grid Circuit Resistance .

...250     Volts
...50     Volts

..... 20     Milliamperes
...5.0     Milliamperes
...5.0     Watts

90    Volts

90    Volts
.0.1     Megohms

Envelope Temperature at Hottest point.17S    C

PLATE-PuLSED   OSCILl.ATOR   SERVICE

Heater voltage* ..... 5.7 to  6.3     Volts
Cathode Heating Time,  minimum ...... 60    Seconds
Frequency
Peak  Positive-Pulse  Plate  Supply

Voltage

5000    Megacycles

1750     Volts
Duty Factor of Plate Pulsefl # ...... 0.001
Pulse Duration
Plate Current

ANeralg€ #  . . .
Average During Plate PulseA

Negative Grid Voltage
Average During Plate Pulse. .

Grid Current
Average #  .  .
Average During Plate Pulse. .

Peak Heater-Cathode Voltage

2.0     Microseconds

...1.2S     Milliamperes

...1.25     Amperes

...75     Volts

...0.7     Milliamperes
... 700     Milliamperes

Heater  Positive  with  Respect  to
Cathode .  .  .

Heater Negative with Respect to
Cathode.  .  .

...90     Volts

...90     Volts
Envelope Temperature at Hottest point.175    C

CHARACTERISTICS  AND  TYPICAL  OPERATION

...6.3     Volts
...250     Volts

-1.6    Volts
.  .  .  90

. 23000    Micromhos
25     Milliamperes

RADIO-FREQUENCY   OSCILLATOR

Frequency
Heater Voltage .  .
DC Plate Voltage.

4000     Megacycles
.4.5     Volts

...275     Volts

DC plate current ..... 25    Milliamperes
Power output ..... 300    Milliwatts

FREQUENCY  MULTIPLIER-DOUBLER  TO   1000  MECACYCLES

Heater Voltage .  .
DC Plate Voltage .
DC Plate Current .
DC Grid Voltage
DC Grid Current
Driving Power .  .
Power Output

5.25     Volts
250    Volts
20    Milliampcres

-10    Volts
5.0    Milliamperes

.300    Milliwatts
.2.0    Watts
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*  The equipment designer should design the equipment'so that heater voltage is centered at some value within
the range of 4.5 to 5.7 volts for CW operation, or 5.7 to 6.3 volts for pulse operation. Heater voltage varia-
tions about the center value should be kept as small as practical and should not, in any case, exceed  ± 5%.
The optimum center value of heater voltage depends on the cathode current and on other parameters of
circuit design and operation. For specific recommendations, contact your General Electric tube sales repre-
sentative.

t  Heater current of a bogey tube at Ef =6.3 volts.
I  Measured in a special shielded socket.
§  Modulation essentially negative may be used if the positive peak of the audio-frequency envelope does not

exceed  115 percent of the carrier conditions.
fl Applications with  a duty factor greater than  0.001  should be referred to your General Electric tube sales

representative for recommendations.
# In any 5000 microsecond interval.
AThe regulation and/or series plate-supply impedance must be such as to limit the peak current, with the

tube considered a short circuit, to a maximum of 12.5 amperes.

INITIAL  CHARACTERISTICS  LIMITS

Min.           B®g®y         Max.
Heater Current

Ef =6.3 volts .  .

Grid Voltage
Ef = 6.3 volts, Eb = 250 volts,  Ib = 25 rna. . .

Grid Voltage
Ef = 6.3 volts, Eb = 250 volts, Ib = 2 rna

530              575              620    Millialnperes

-0.90        -I.60        -2.65    Volts

-2.00        -3.50        -5.40    Volts

Transconductance
Ef=6.3 volts, Eb=250volts,Ecadjustedforlb=25ma ...... 18500         23000         27500    Micromhos

Amplification Factor
Ef=6.3 volts, Eb=250 volts, Ec adjusted for lb=25 rna ...... 60                90              120

Negative Grid Current
Ef =6.3 volts, Eb = 250 volts, Ec adjusted for Ib = 25 rna. . .

Interelectrode Leakage Resistance
Ef =6.3  volts,  Polarity  of  applied  d-c  interclectrode  voltage  is
such that no cathode emission results

Grid to Cathode at  100 volts d-c
Grid to Plate at 500 volts d-c

Heater-Cathode Leakage Current
Ef = 6.3 volts, Ehk = loo volts

Heater Positive with Respect to Cathode .......
Heater Negative with Respect to Cathode ......

I nterel ectrode Capacitances
Grid to Plate:  (g to p)
Grid to Cathode:  (g to k)
Plate to Cathode: (p to k)

0.35    Microanpercs

. . 25                                  .....      Megohms
250.....Megohms

loo    Microamperes
100    Microanperes

1.75             2.03             2.30    Picofarads
3.60            4.05             4.55    Picofarads

0.012           0.018          0.024    Picofarads
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Oscillator Power Output
Tubes  are  tested  for  power  output  as  an  oscillator  under  the  following
conditions : Ef = 4.5 volts ; `F = 4000 MC, min. ; Eb = 275 volts, Ec adjusted
for Ib = 25 rna

Min.           Max,

200                   .     Milliwatts
Low Pressure Voltage Breakdown Test

Statistical sample tested for voltage breakdown at a pressure Of 20 mm Hg.
Tubes shall  not  give visual  evi.dence  of flashover  when  500 volts  RMS,
60 cps, is applied between the plate and grid terminals.

DEGRADATION   RATE  TESTS
Shock

Statistical sample subjected to 5 impact accelerations of approximately 400 G and  I.0 milliseconds duration.
in  each  of four  positions.  The  accelerating  forces  are  applied  by  the  Navy-type,  High  Impact  (flyweight)
Shock Machine.

1000-Hour Life Test
Statistical sample operated for 1000 hours as an oscillator to evaluate changes in power output with life.
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PHYSICAL  DIMENSIONS

I I16MAX.

2

APPROX. r

-NOTE  '1

r MAX.•cO7``:.O,O"NOTE'2

.368" ±  .003"DIA.    NOTE  I

CHAMFER 64`
7"'MIN.

I'±£
NOTE 9

E5*6GATNHOD¥8%RaFaAii|TERMINALNOTE,

:'.MAX       !„ 8'4;.fAoo4"     #.5lilx H
NOTE  5

4   NOTE4          £1"„+.oarrot2

I ul.;.ooi2
4.OFllD D{ e

REFERESURfiACE\
NOTE' 3                                  I I A-F TERII" I--I-

+I

•!

16:±T
'14MAX.25T52

i-     I       I       I 39 'D'^              I

a"

35'          2               L+ I          64  MAX.                 IAX"
64     iloTEe

£'.MAX. ro E13
HI

LENCSUBFACATHOANDRNOTE

#D;E°ji:=Lf"MN
t               NOTE  9

;±'

NnTF •

llEATER            ITERMINALNO.I
-R\

HEATER   TERIvllNA

I

I NOTE   '0

'A.

ENDS    VAY   BE

NO.2

.8

I .'®5.!.005

S.,
D'A.23r±.00D'A.„.i.00I,OtE SLIGHTLY   POLLED

Note    1.   Applies to minimum surface for anode d-c and r-f terminal only. Other surfaces must not bc used for these terminal
Purposes.

Note    2.   Applies to minimum surface for grid d-c and r-f terminal only. Other surfaces, except for Notes 3 and 4, must not be
used for terminal purposes.

Note   3.   Applies to minimum surfaces for grid d-c and r-f terminal only.
Note   4.   The cylindrical surface of this diameter may be used for grid d-c and r-f terminal purposes.
Note   5.   The surfaces defined by Notes 2, 3, and 4 shall be the only surfaces used for tube stops and clamping purposes.
Note    6.   Other surfaces shall not be used for c.athode d-c and r-f terminal purposes.
Note    7.   Other surfaces shall not be used for anode d-c and r-f .terminal purposes.
Note   8.   Applies to surface designated for cathode d-c and r-f terminal.  Solder at  brazed joint will not exceed the maximum

diameter.
Note    9.   The maximum eccentricity of the anode and cathode with respect to the grid terminal in a prescribed jig is 0.010  (or

maximum total runout of 0.020) and is measured by indicators at the points designated.
Note  10.   The maximum eccentricity of heater-terminal  No.  1  and heater-terminal No.  2  with respect to the grid terminal in a

prescribed jig is 0.015  (or maximum total runout of 0.030) and is measured by indicators at the points designated.
Note 11.   Exhaust tubulation must not be subjected to any mechanical stress.
Note  12.   For reference only.  Dimension does not include any possible solder fillet.
Note 13.   This area is reserved for tube stamping and coding.

RECEIVING   TUBE   DEPARTMENT

GENERAL ©  ELECTRIC

0wensboro,  Kentucky
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PLANAR   TRIODE

DESCRIPTION   AND   RATING
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FOR GROUNDED-GRID OSCILLATOR AND AMPLIFIER SERVICE

Metal and ceramic                         Low lnterelectrode capacitances
High Transconductance                                               Shock Resistant

100 Watts Plate Dissipation

The  6897  is  a  metal-and-ceramic,  high-mu  triode  designed  for  use  as  a
grounded-grid  oscillator  or  amplifier  at frequencies  as high  as  2500  mega-
cycles.

Features  of  the  6897  include  planar  electrode  construction,  high  plate
dissipation  capability,   excellent  electrode  isolation,   low  radio-frequency
losses, high transconductance, and low interelectrode capacitances.

GENERAL

ELECTRICAL

Cathode-Coated Unipotential
Heater Characteristics and Ratings
Heater Voltage, AC or DC ........... *
Heater Current at Ef =6.3 volts ..... 1.03t
Direct lnterelectrode Capacitancest

Chid to Plate: (g to p) . . .
Grid to Cathode:  (g to k)
Plate to Cathode: (p to k)

.  .  .  2.01

....  6.5

.  . 0.023

Volts
Amperes

pf
pf
pf

JVIAXIMUW`
ABSOLUTE"AXIMUM  VALUES
RADIO-FREQUENCY  POWER  AMPLIFIER  AND  OSCILLATOR
-CLASS  C  TELEGRAPHY

Keyrdown Conditions per Tube Without  Amplitude Modu-
lation§
Heater voltage* ....... 4.5 to 6.3     Volts
DCplatevoltage ............... 1000     Volts
NegativeDCGridVoltage ........... 150     Volts
Peak Positive RF Grid Voltage ......... 30    Volts
Peak Negative RF Grid Voltage ....... 400    Volts
DCGridcurrent ............. 50     Milliamperes
DC  CathodeCurrent ................ 125     Milliamperes
Plate Dissipation
Grid Dissipation

100    Watts
2.0    Watts

Envelope Temperature at Hottest point #. 250    C

MECHANICAL
Mounting Position-AnyThly Plate Flange to be Used as a
Socket Stop and Clamp
NctWeight,  approximate ............... 2     Ounces
Ccoling

Plate and Plate Seal-Conduction and Forced Air
Grid and Cathode Seals-Conduction and Forced Air
Recommended Air Flow Cowling-1 S7-JAN
Recommended Air Flow on Plate Radiator at Sea Level

Incoming Air Temperature 2 5C,
Plate "ssipation
loowatts .................. 12.5          Cu.Ft./Min.

RATINGS
RADIO-FREQUENCY  POWER  AMPLIFIER  AND  OSCILLATOR
-CLASS   C  TELEPHONY

Carrier Conditions per Tube for Use With a Maximum Mod-
ulation Factor of 1.0
HeaterVoltage* ..........  `  ..... 4.5to6.3     Volts
DCPlateVoltageIT .................. 600     Volts
Negative DC GridVoltage ............ 150    Volts
Peak Positive RF Grid Voltage. .
Peak Negative RF Grid Voltage.
DC Grid Current
DC Cathode Curent ..........
Plate Dissipation
Grid Dissipation .......
Envelope   Temperature

Point #

.... 30     Volts

...400    Volts
S0    Millianperes

.... 100    Milliamperes
70    Watts

........... 2.0     Watts
at   Hottest

250C

Absolute-Maximum ratings are limiting values of operating
and   environmental   conditions   applicable   to   any   electron
tube  of  a  specified  type  as  defined  by  its  published  doto
and  should not be exceeded  under lhe worst probable condi-
ions,

The   lube   monufocturer  chooses   these   values   to   provide
clcceptoble  serviceability  of  the  tube,  making  no  allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to variolions
in  the  characteristics  of  the  tube  under consideration  and  of

all  other electron  devices  in  the  equipment.
The   equipment   manufoctLirer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value   for
the  intended   service  is  exceeded  with  any  lube  under  lhe
worst  probable operating  conditions  with  respect  lo  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adjustment,   load   variation,   signal   variation,
environmental  conditions,  and  varialions  in  the  characleris-
lics of the  tube  under consideration  and  of all  other electron
devices  in  the  eqLiipment.

CEHERAL ©  ELECTRIC
Sup.r..dco ET-T1303B daled  11 -50
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AVERAOE   CHARACTERISTICS

Heater Voltage ....

CHARACTERISTICS  AND  TYPICAL  OPERATION

6.3     Volts
Plate voltage ..... 600    Volts
Grid VoltageA . . .
Amplification Factor .  . .
Transconductance .  .
Plate Current .  .

.     Volts
95

.24800     Micromhos
...75     Milliamperes

RADIO-FREQUENCY  OSCILLATOR-CLASS  C

Frequency ...... 500     2500     Mcgacycles
Heatervoltage ..... 6.0        5.0     Volts
DCplatevoltagc ...... 900       900    Volts
DC plate current ..... 90         90    Milliamperes
DC Grid current ...... 30         27    Milliamperes
DCGridvoltage .....- 40     -22    Volts
Useful power output ...... 40         17    Watts

*  The equipment designer should design the equipment so that heater voltage is ccntered at some value within
the range of 4.5 to  6.3  volts.  Heater voltage variations about the center value should be kept as small as
practical and should not, in any case,  exceed  ±5%. The optimum center value of heater voltage depends
on the cathode current and on other parameters of circuit design and operation. For specific recommenda-
tions, contact your General Electric tube sales representative.

t  Heater current of a bogey tube at Ef =6.3 volts.
i  Measured in a special shielded socket.
§  Modulation essentially negative may be used if the positive peak of the audio-frequency envelope does not

exceed  115 percent of the carrier conditions.
# Where long life and reliable operation are important, lower envelope temperatures should be used.
T[ For modulation factors less than 1.0, a higher d-c plate voltage may be used if the sum of the peak positive

audio voltage and the d-c plate voltage does not exceed  1200 volts.
AAdjusted for Ib = 75 milliampcres.

INITIAL   CHARACTERISTICS  LIMITS

Min.          Bogey        Max.
Heater Current

Ef =6.3 volts.  .
Grid Voltage

Ef = 6.3 volts,  Eb = 600 volts,  Ib = 75 rna .  .
Grid Voltage

Ef =6.3 volts, Eb =600 volts, Ib = 1.0 rna

950             1030            1100     Milliamperes

-1.3           -2.5           -3.5    Volts

-7.0          -9.5            -15    Volts

Transconductance
Ef=6.3 volts, Eb=600 volts, Ec adjusted for lb =75 rna ...... 22000         24800         27500    Micromhos

Amplification Factor
Ef = 6.3 volts, Eb = 600 volts, Ec adjusted for Ib = 75 rna . . .

Negative Grid Current
Ef = 6.3 volts, Eb = 600 volts, Ec adjusted for Ib = 75 rna . . .

Interelectrode Leakage Resistance
Ef = 6.3  volts,  Polarity  of applied  d-c  interelectrode  voltage
is such that no cathode emission results

Grid to Cathode at 500 volts d-c .  .  .
Interelectrode Capacitances

Grid to Plate:  (g to p) .  .
Grid to Cathode: (g to k) .
Plate to Cathode: (p to k)

.75                     95                   115

3.0    Microanperes

.50 Megohms

..1.89              2.01              2.13     Picofarads
6.0               6.5               7.0    Picofarads

.    0.018           0.023           0.029     Picofarads
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SPECIAL  PERFORJ\AANCE  TESTS

Oscillator Power Output
Tubes arc tested for power output as an oscillator under the following
conditions: Ef=5.0 volts; F=2500 MC,  min.; Bb= 1000 volts; Ib=

Mlh..      Max.

15                .     Watts

6897
Pclge  311

10-62

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure of 2 7 mm
Hg. Tubes chall not give visual evidence of flashovcr when 1000 volts
RMS, 60 cps, is applied between the plate and grid terminals

DEGRADATION  RATE  TESTS
Shock

Statistical sample subjected to 5 impact accelerations Of approrimately 400 a and 1.0 milliseconds duration
in  each of four positions.  The  accelerating  forces  are  applied by the Navy-type,  High  Impact  (flyweight)
Shcx:k Machine.
SOO-Hour Life Test

Statistical sample operated for 500 hours as an oscillator to evaluate changes in power output with life.

?:i::;..I;u:bE:,';,:r'.i.::.:;aF:::g:.,ii;;,:hi¥::'[::,,,,;A;:.':',|!,c.in::.:=.!o:.;`;::i::r;a,:.!b;y|:i::'i;a;::!j   #,:o:',,i!;I;![u:,:i:,!,:i':A:cg.i.oa:.,.,:b:a.ix.:,::,!:?::,#o':'..i.;in:i;:,ejnn;,,;;,::m'ue,:cfe::,I;`'?i

r-,io±£DIA|

NOTES:
I.   Solder not to extend radially beyond grid RF

terminal.
2.   Total   indicated  runout  of  the  grid-contact

surface and the cathode-contact surface with
respect to the anode shall not exceed 0.020".

3.   Total indicated runout of the cathode-contact
surface   witn  respect  to  the   heater-contact
surface shall not exceed 0.012".

4.   Only  this  flange  to  be  used  as  a  socket  stop
and clamp.

T New  pages  3  to  6  supersede  pages  3  and  4
dated  12-61.
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AVERAGE   PLATE   CHARACTERISTICS
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© EE.E8;TFroNI®S 7077
METAL-CERAMIC  TRIODE

FOR   UHF   AMPLIFIER   APPLICATIONS

DESCRIPTION   AND   RATING

7077
Page  1

'042

The  7077  is  a  high-mu triode  of ceramic  and  metal  planar  construction
primarily intended for use as an r-f amplifier in the UHF range.  It features
an  extremely  low  noise  figure  throughout  its frequency  range.  The  7077  is
especially suited for use where unfavorable conditions of mechanical shock,
mechanical vibration, and nuclear radiation are encountered.

GENERAL

JVIAXIMUJVL   RATINGS

ABSOLUTE-MAXIMUM   VALUES

Plate voltage ..... 250     Volts
Positive Peak and DC Grid Voltage ...... 0    Volts
Negative Peak and DC Grid Voltage .... 50    Volts
Plate Dissipation .... 1.1     Watts
DC cathode current ..... 11     Milliamperes
Heater-Cathode Voltage

Heater Positive with Respect to
Cathode .  . .

Heater Negative with Respect to
Cathode.  .  .

Envelope Temperature § .
Grid-Circuit Resistance . .  .

..50     Volts

..50     Volts

.250     C
.0.01     Megohms

Absolute-Maximum  ratings  ore  limiting  values of operating all  other  electron  devices  in  the  equipment.
and    environmental    conditions    applicable    to    ciny    electron The   equipment   manufacturer   should   design   so   that   ini-
tube  of  a   specified   type  os  defined   by  its  published  dclto tiolly   and   throughout   life   no   absolute-mciximum   value   for
and  should  not  be  exceeded  under the worst  probable condi- the   intended   service   is   exceeded   with   any   tube  under  the
tions. worst  probable  operciting  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equip-
cicceptable  serviceclbility  of  the  tube,  making  no  cillowance ment   control    adiustment,   load   varicition,   signcil   voricition,
for  equipment  vciriotions,  environmental  variations,  and   the environmentcil   conditions,   and   variations   in  the  chorocteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  and  of  all  other  electron
in  the  chciracteristics  of  the  tube  under  considel.cition  and  of devices  in  the  equipment.

GENERAL ©  ELECTRIC

Supersedes  ET-T1488  doted  3-58  and  10-59
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CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERACE   CHARACTERISTICS

Plate supply voltage ...... 2S0    Volts
Resistor in Plate Circuit. (i;;;:s.ed.) . .18000    Ohms
Cathode-Bias Resistor ...,..... 82     Ohms
Amplification  Factor ......... 90
Plate Resistance,  approximate .... 9000    Ohms

OROuNDED-GRID   AMPLIFIER450   MECACYCLES

Plate supply voltageT| ..... 250    Volts
Resistor in plate circuit (bypas;ed)tl   18000    Ohms
Cathode-Bias Resistor ...... 82     Ohms
Plate current ..... 6.5     Milliamperes
Bandwidth,  approximate ...... 7.5     Megacycles

Transconductance .  .
Plate Current .
Grid Voltage,  approximate

Gin = 50 Micromhos .  .

..10000     Micromhos
.    .6.5     Milliamperes

.-5    Volts

Power  Gain,  approximate .... 14.5     Decibels
Noise  Figure  (Measured  with  pow:i-

matched  input,   using  argon  lamp
noise source),  approximate ..... 5.5     Decibels

FOOTNOTES
*  The  equipment  designer  should  design  the  equipment  so

that heater voltage is centered at the specified bogey value,
with heater supply variations restricted to maintain heater
voltage within the specified tolerance.
Heater current of a bogey tube at Ef = 6.3 volts.
Measured using a grounded adapter that provides shielding
between external terminals of tube.

§  Operation below the rated maximum envelope temperature
is   recommended   for   applications   requiring   the   longest

OUTLINE   DRAWING

.33S"MAX.  DIA.

ALL  INSULATORS

.275''±.004''

ANODE
I '
I .040 „•..

5
lNSuLATof`

/ \
•009I

.1®
I " I.°°5".o27~±.oo3w  I.°°'

CR'D            _   .
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I        OS5.±OOO"1= '
I .004,,_

t     OF.   GRID   F`INC
.0®®CID' 'A.

OcOJ'± .004.

possible tube life.  The  7077 is also capable of operation at
envelope temperatures  much  higher than  the rated  maxi-
mum   values.   F`or   specific   recommendations   concerning
higher    temperature    operation,    contact    your    General
Electric tube sales representative.

fl  Lower supply voltage and a lower value of resistor may be
used in the plate  circuit  with  some  sacrifice  in  uniformity
of performance.

TYPICAL   GROUNDED-GRID   AMPLIFIER   CIRCUIT   USING   THE
7077

0.3V                                          +2sO

I-Maximum   eccentricily   of   anode,  grid,  and  ccithode   0.005"
from  center  line.

2-Maximum  eccentricity of  insulators  0.010" from  center  line.
3-Center  line  of  grid  ring  used  os  reference  line  for  horizontal

toleronces.
4-Bottom  surface  of  grid  ring  used  as  reference  line  for  verti-

col  tolerances.
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INITIAL   CHARACTERISTICS   LIM.TS

Min.               Bogey
Heater Current

Ef = 6.3  volts .  .

Plate Current
Ef = 6.3 volts, Ebb = 250 volts, RL = 18000 ohms,  Rk = 82  ohms
(bypassed) .  .

Transconductance
Ef=6.3  volts,  Ebb=250  volts,  RL=18000  ohms   (bypassed),
Rk =82  ohms  (bypassed) .  .

Transconductance Change with Heater Voltage
Difference between Transconductance measured at Ef = 6.3 and
Ef =6.0  volts  (other  conditions  the  same)  expressed  as  a  per-
centa8e. .  .

Amplification F`actor
Ef=6.3  volts,  Ebb=250  volts,  RL=18000  ohms   (bypassed),
Rk =82  ohms  (bypassed) .  .

Interelectrode  Capacitances
Grid to Plate:  (g to p) .  .
Input: g to  (h+k)   .
Output: p to  (h+k)    .
Heater to Cathode:  (h i; k) .

222                       240

4.5                         6.S

7000                 10000

6590

0.84                      1.00
1.25                         1.70

0.004                  0.010
0.80                       1.10

Heater -Cathode Leakage Current
Ef = 6.3 volts,  Ehk = 100 volts

Heater Positive with Respect to Cathode .  . .
Heater Negative with Respect to Cathode .  .

Interelectrode Leakage Resistance
Ef = 6.3  volts,  Polarity  of  applied  d-c  interelectrode  voltage  is
such that no cathode emission results.

Grid to All  at  100  volts  d-c.  .  .
Plate to All  at  300 volts d-c. .  .

100
100

Grid Emission Current
Ef = 7.0  volts,  Ebb = 250  volts,  Eec =  -20  volts,  Rk =82  ohms
(bypassed),  Rg =0.1  meg,  RL = 18000 ohms  (bypassed) .  .

SPECIAL   PERFORMANCE  TESTS

Min.                Bogey
Noise Figure

Ef = 6.3 volts, Ebb = 250 volts, Rk = 82 ohms, RL = 18000  ohms,
F -450 mc

Noise Figure at Reduced Heater Voltage
Ef = 6.0 volts, Ebb = 250 volts, Rk = 82 ohms, RL = 18000  ohms,
F -450  mc.  .  .

Power Gain
Ef = 6.3 volts, Ebb = 250 volts, Rk = 82 ohms, RL = 18000  ohms,
F =450  mc ....      12.5

5.5

14.5

7l cn7
Page  3
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Max,

258    Milliamperes

8.5    Milliamperes

13000    Micromhos

20    Percent

115

1.16     Picofarads
2.15     Picofarads

0.016    Picofarads
1.40    Picofarads

20    Microamperes
20     Microamperes

.     Megohms

.     Megohms

2.0    Microamperes

N\ox.

6.6    Decibels

8.1     Decibels

Decibels
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SPECIAL  PERFORJVLANCE  TESTS  (Continiled)

Grid Recovery
Change in Average Plate Current
Peak Plate Current Backswing

Tubes with poor grid recovery affect circuit operation, when
the grid is driven positive by a pulse of signal or noise. some-
what as if a parallel RC circuit were in series with the grid.
This effect may occur in tubes of any type, but is unimportant
in  maLny  applications.   In  the  majority  Of  7077  tubes  the
effect is negligible, but to eliminate the few in which it may
be excessive, tubes are tcsted under the following conditions:
Ef = 6.3 volts, Ebb = 250 volts, RL = 0.01 meg. Ec is  adjusted
for Ib =3.0 rna.

Upon  application  to  the  grid  of  a  S  volts  positive  pulse
(prr=60  pps,  duty  factor=0.0012)  the  change  in  average
plate current is noted, and the peak plate current backswing
is measured.  The following diagram shows qualitatively the
plate  current-time  relationship  for  a  tube  (with  poor  grid
recovery) subjected to this test.

Low Frequency Vibrational Output

Statistical  sample  is  subjected  to  vibration  in each of two
planes   at   40   cps,   with   peak  acceleration   15G.   Tube  is

Variable Frequency Vibrational Output

The  tube  is  designed  to  be  free  of vibrational  outputs  in
excess  Of  15  mv  RMS  at  any  frequency  within  the range
100-2000 cps, when vibrated in either of two planes at loo

Low Pressure Voltage Breakdown Test

Statistical sample tested for voltage breakdown at a pressure
of   8mm   Hg,   to   simulate   an   altitude   of   100,000   feet.
Tubes  shall  not  give  visual  evidence of flashover or corona

0.6    Milliamperes
1.0     Milliamperes

PLATE   CURRENT   VS.   TIME
-GRID   RECOVERY   TEST

Min'               Bogey Max.
10  Millivolts  RMS

operated  with  Ef = 6.3  volts,  Ebb = 150 volts,  Rk = 82  ohms
(bypassed), RL = 10000 ohms.

peak  acceleration.  Electrical  conditions for this test  are the
same as for Low Frequency Vibrational Output.

when  300  volts  RMS,  60  cps,  is applied between the plate
and grid terminals.

DEGRADATION  RATE  TESTS

Fatigue
Statistical sample vibrated for a total of 96 hours, 48 hours
in  each  of  two  planes,  at  a  peak  acceleration  of  loo.
Frequency  is  60  eps.  Tubes  are  operated  during  the test
with Ef= 6.3  volts  (no other  voltages applied).  Following
the test, tubes are evaluated for low frequency vibrational
output,   heater-cathode   leakage,   heater   current,   noise
figure, and gain.

Shock
Statistical  sample  subjected  to  5  impact  accelerations  of
approximately 450G in each of four positions. The acceler-
ating forces  are  applied  by the  Navy-type,  High  Impact
(flyweight)   Shock  Machine  using  a  30°  hammer  angle.
Tubes  are  operated  during  the  test  with  Ef=6.3  volts,
Eb=150   volts,   Ehk=+100   volts,   and   Rk=82   ohms.
Following the test, tubes are evaluated for low frequency

T
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DEGRADATION  RATE  TESTS  (Continued)

vibrational output, heater-cathode leakage, heater current,
noise figure,  and  gain.

Stability Life Test
Statistical  sample  operated  under  Intermittent  Life  Test
conditions   is   evaluated   for   percent   change   in   trans-
conductance of individual tubes, from the initial reading to
readings following 2 hours and 20 hours of the life test.

Survival Rate Life Test
Statistical  sample  operated  under  Intermittent  Life  Test
conditions   is   evaluated  for   shorted   and  open   elements,
transconductance, and noise figure following approximately
100  hours of life test.

Intermittent Life Test
Statistical sample operated for  1000 hours under the follow-
ing  conditions:  Ef=6.3  volts  (cycled-on   1%  hours,  off
li  hour),  Ebb=300  volts,  Ehk= +70  volts  d-c,  Rk=82
ohms,   RL   =18000   ohms,   and   Rg=0.1   meg.   Tubes   are
evaluated,  following  500  and   1000  hours  of  life  test,  for
shorted or open elements, heater current, transconductance,
noise   figure,    gain,    heater-cathode   leakage,    and   inter-
electrode leakage resistance.

7077
Page 5
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High-Temperature Intermittent Life Test
Statistical  sample  operated  for   1000  hours  under  Inter-
mittent Life Test conditions except that minimum envelope
temperature  shall bc 250C.  Tubes are evaluated, following
500   and   1000  of  life  test,  for  shorted  or  open  elements,
heater  current,  transconductance,  heater-cathode  leakage,
and interelectrode leakage resistance.

Interface Life Test
Statistical  sample  operated  for   1000  hours  with  Ef=6.6
volts, no other voltages applied, and evaluated for cathode
interface resistance following the life test.

Heater-Cycling Life Test
Statistical  sample  operated  for  2000  cycles  minimum  to
evaluate and control heater-cathode defects.  Conditions of
test include Ef = 7.0 volts cycled for one minute on and one
minute  off,   Eb=Ec=O  volts,   and   Ehk=70   volts   with
heater positive with respect to cathode. Following this test,
tubes   are   evaluated   for   open   heaters.   heater-cathode
shorts,  and heater-cathode leakage current.

Note:  The  conditions  for  some  of  the  indicated  tests  have
deliberately  been  selected  to  aggravate  tube failures
for  test  and  evaluation  purposes.  In  no  sense  should
these  conditions  be  interpreted  as  suitable  operating
conditions.

AVERAGE  PLATE  CHARACTERISTICS
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AVERAGE  TRANSFER   CHARACTERISTICS

\f2
E = AA ED y ^Lu E A0

oO

\

/ /
oO\

60

11=

-2.5                           -2.0                           -1.5                           -1.0

GPID    VOLTAGE      IW     VOLTS
K-996 I  I-TD24-2^

AVERAGE  CHARACTERISTICS
110         40000

loo

60

loo

a

JulY    23,      1958

\ P

\
e
lb=

12o
'vO

\\

\ I sO I ± RA ED y ^LU £

\\ \
10

\ \
a

\ \ 6®

\ \
\00

lso
vO

1S

\ 30 00

/ \\\
a

5.c,

I-Zoo yo S Ap

2                              .                               6                               8                              10                            12                            14
PLATE    CURBENT      IN     MILLIAMPEPES

TUBE   DEPARTMENT

GENERAL © ELEC"lc
Ow®nsboro,  Kentucky

I
I
I

T

I
I
i+

u

I
I
I
I
I
Ll



+

I
I
I
I
I
I
I

+

I
I
I
I
I
I
I
I
I
I

© E&EorRONlos
7266

METAL-CERAMIC  DIODE

DESCRIPTloN   AND   RATING

7266
Page  1
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The  7266 is a cathode-type  diode of ceramic-and-metal planar construc-
tion.  It is intended for detector, high-frequency instrument probe, and low-
current  rectifier  applications.  The  7266  is  especially  suited  for  use  where
unfavorable conditions of mechanical shock,  mechanical vibration,  and nu-
clear radiation are encountered.

GENERAL

MAXIMUM  RATINGS
ABSOLUTE-MAXIMUM   VALUES

Peak Inverse Plate Voltage .  .
Steady-State Peak Plate Current .  .
DC Output Current . . .
Heater-Cathode Voltage

Heater Positive with Respect to

.600     Volts

..11     Milliamperes
. 2.2     Milliamperes

Cathode
Heater Negative with Respect to

Cathode
Envelope Temperature at Hottest

Point§ .

50    Volts

50    Volts

250C

Absolute-Maximum  ratings  are  limiting values of operating all  other  electron  devices  in  the-equipment.
cind    environmental   conditions   applicable   to   any   electron The   equipment   mcinufacturer   should   design   so   that   ini-
tube  of  a   specified   type  as  defined   by  its  published  data tiolly   and   throughout   life   no   absolute-maximum   value   for
and  should nor be exceeded  under the worst  probable condi- the   intended   service  is  exceeded   with  any  tube  under  the
lions. woi.st  probclble  operating  conditions  wilh  respect  to  supply-

The   lube   manufacturer   chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equip-
acceptable  serviceability  of  the  tube,  mc]king  no  allowonce ment   control   adiustment,   load   variation,   signal   variation,
for  equipment  variations,  environmental  variations,  and  the environmental  conditions,  and  variations  in  the  choracteris-
effects  of  chcinges  in  operating  conditions  due  to  varicltions tics  of  the  tube  under consideration  and  of  all  other  electron
in  the  chciracteristics  of  lhe  tube  under  consideration  and  of devices  in  the  equipment.

AVERAGE   CHARACTERISTICS

Tube Voltage Drop
lb = 1.0 Milliamperes DC .......    1.0      Volts

The  tubes  cind  c]rrongorr`enl§  disclosed  her.in  may  be  covered  by  pa.enl§  of        elom.nl§,   ln   lho   cibs®nce   of   an   .xpro§s   written   ogreemen.   lo   the   contrary,

;:e5:e:rnr°::E;'e:n;t:r :;faie:??c:a:vgo.I;::;t::°isn;:::e}',':h|:Src I;?fce fdu;;in:!°asfi:f:;::i: ;nn:;::in;a:t*;;      %:€f':a;n!;:u:':':.: fc,::P,:: : a aws;,Uhmoet.hen,a d':av?cj:::yo :°e'i epma::?s' i;f'::?eRer:ida.rj::hoof

GENERAL © ELEC"lc
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AVERAGE  CHARACTERISTICS   (Continued)

FOOTNOTES
*  The  equipment  designer  should  design the  equipment  so that  heater  voltage  is  centered at  the specified  bogey

value, with heater supply variations restricted to maintain heater voltage within the specified tolerance.
Heater current of a bogey tube at Ef = 6.3 volts.
Measured using a grounded adapter that provides shielding between external terminals of tube.
Operation below the rated maximum envelope temperature is recommended for applications requiring the longest
possible tube life.  The  7266 is  also  capable of operation  at  envelope temperatures much higher than  the  rated
maximum values.  For specific recommendations concerning higher temperature operation,  contact your General
Electric tube sales representative.

lNITIAL  CHARACTERISTICS  LIMITS

Min.             Bogey
Heater Current

Ef = 6.3 volts .
Tube Voltage Drop

Ef = 6.3 volts, Eb adjusted for Ib = 1.0 rna
Tube Voltage Drop at Reduced Heater Voltage

Ef = 5.7 volts, Eb adjusted for Ib = 1.0 rna .
Emission

Ef = 6.3 volts, Eb = 9 volts d-c. . .
Plate Current

Ef = 6.3 volts,  Ebb = 0 volts,  R|. = 40000 ohms.
Interelectrode Capacitances

Plate to Cathode:  (p to k) .
Heater to Cathode:  (h to k)

Heater-Cathode Leakage Current
Ef = 6.3 volts, Ehk = loo volts

Heater Positive with Respect to Cathode .
Heater Negative with Respect to Cathode .

Interelectrode Leakage Resistance

198                 215

0.4                  I.0

10

28

0.7                    1.0

0.9                  I.3

Ef =6.3  volts.  Polarity  of  applied  d-c  interelectrode  voltage  is
such that no cathode omission results.

Plate to All  at 500 volts d-c 10000

SPECIAL  PERFORMANCE   TESTS

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure
of 8mm  Hg,  to  simulate  an  altitude  of  100000  feet.  Tubes

Max,

232    Milliamperes

2.0    Volts

2.3     Volts

.     Milliamperes

16    Microamperes

1.3    Picofarads
1.7    Picofarads

20    Microamperes
20    Microamperes

Megohms

shall not give visual evidence of flashover or corona when 300
volts RMS, 60 cps, is applied between the plate and cathode
terminals.
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DEGRADATION  RATE  TESTS
Fatigue

Statistical sample vibrated for a total Of six hours, three hours in each of two planes, at a peak acceleration of
10G. Frequency is continuously varied from 30 eps to 2000 eps and back to 30 eps, with a period of ten minutes.
Tubes  are  operated  during the test with  Ef= 6.3  volts  and  Ehk = +100  volts.  Following the  test,  tubes  are
evaluated for heater-cathode leakage and heater current.

Shock
Statistical  sample'subjected to  5  impact  accelerations  of approximately  450G  in  each  Of f.our  positions.  The
accelerating forces are applied by the Navy-type, High Impact (flyweight) Shock Machine using a 30° hammer
angle. Tubes are operated during the test with Ef = 6.3 volts and Ehk = + 100 volts. Following the test, tubes are
evaluated for heater-cathode leakage and heater current.

Survival Rate Life Test
The combined statistical samples subjected to the Intermittent and Standby Life Tests are evaluated for shorted
and open elements and tube voltage drop following approximately  100 hours of life test.

Intermittent Life Test
Statistical sample operated for 1000 hours under the followiog conditions: Ef = 6.3 volts (cycled-on 194 hours,
off  34  hour),  Ebb=220  volts  RMS,  Ehk= -70  volts  d-c,  RL=0.13  meg,  CL=l.0  #f,  and  Rs=1300   ohms.
Tubes are evaluated, following 500 and 1000 hours of life test, for shorted or open elements, heater current, tube
voltage drop,  heater-cathode leakage,  intcrelectrode leakage resistance,  and  emission.

Standby Life Test
Statistical sample operated for 1000 hours under the following conditions: Ef = 6.3 volts (cycled-n  I % hours,
off X hour) no other voltages applied. Tubes are evaluated, following 500 and 1000 hours of life test, for shorted
or open elements, heater current, tube voltage drop, heater-cathode leakage,  interelectrode leakage resistance,
and emission.

Heater-Cycling Life Test
Statistical sample operated for 2000 cycles minimum to evaluate and control heater-cathode defects. Conditions
of test  include Ef = 7.0  volts  cycled for  one minute  on  and  one minute off,  Eb =0  volts,  and Ehk = 70  volts
with heater positive with respect to cathode. Following this test, tubes are evaluated  for open heaters, heater-
cathode shorts, and heater-cathode leakage current.

Note:  The  conditions  for  some  of the  indicated  tests  have  deliberately  been  selected  to  aggravate  tube  failures
for  test  and  evaluation  purposes.  In  no  sense  should these  conditions  be  interpreted  as  suitable  operating
conditions.
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AVERAGE   PLATE  CHARACTERISTICS
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PLATE     VOLTAGE      IN     VOLTS

RECEIVING   TUBE   DEPARTMENT

GENERAL © ELECTRIC
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ELEerFrottlos 7289
PLANAR   TRIODE

DESCRIPTION   AND   RATING

72e9
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FOR  GROUNDED-GRID  OSCILLATOR,  AMPLIFIER,  AND
FREQUENCY  MULTIPLIER  SERVICE

Metal and ceramic                                                             Pulse Rated
High Transconductance                                                Shock Resistant

loo Watts Plate Dissipation

The  7289  is  a  metal-and-ceramic,  high-mu  triode  designed  for  use  as  a
grounded-grid CW oscillator, amplifier, or frequency multiplier at frequencies
as high  as  2500  megacycles.  In  addition,  it may be  used  as  a plate-pulsed
oscillator or amplifier at frequencies as high as 3000 megacycles.

Features  of  the  7289  include  planar  electrode  construction,  high  plate
dissipation   capability,   excellent   electrode   isolation,   low   radio-frequency
losses, high transconductance, and low interelectrode capacitances.

GENERAL

ELECTRICAL
Cathod-Coated Unipotential
Heater Characteristics and Ratings
HeaterVoltage,ACorDC ............. *     Volts
Heater Current at Ef=6.0 volts ...... 1.Ot    Amperes
Cathode Heating Time, minimum .... 60    Seconds
Direct lnterelectrode Capacitances{

Grid to Plate:  (g to p) . . .
Grid to Cathode: (g to k) .  .
Plate to Cathede:

(ptok),maximum ........ 0.035     pf

MECHANICAL
Mounting Position-Any-Only Plate Flange to bc Used as a
Socket Stop and Clamp
Netweight, approximate ........... 2.S    Ounces
Ccoling

Plate and Plate Seal-Conduction and Forced Air
Grid and Cathode Seals-Conduction and Forced Air
Recommended Air Flow Cowling-157-JAN
Recommended Air Flow on Plate Radiator at Sea Level

Incoming Air Temperature  25C,  Plate
Dissipation  100  Watts ......... 12.5     Cu.Ft.PerMin.

JVLAXIJvtuM  RATINGS
ABSOLUTE"AXIMUM  VALUES
RADIO-FREQUENCY  POWER   AMPLIFIER  AND   OSCILLATORT-LASS  C  TELEOR^PHY

Key-Down   Conditions   Per   Tube   Without   Amplitude
Modulations

Heatervoltage* ........... 4.5to  5.7     Volts
Frequency 2500    Megacycles
DC plate voltage ..... 1000    Volts
Negative DC Grid voltage .... 150    Volts
Peak positive RF Grid voltage ...... 30    Volts

Peak Negative RF Grid Voltage ....... 400    Volts
DC Grid Current 50    Millianperes
DC cathode current ..... 125    Millialnperes
Plate Dissipation 100    Watts
GridDissipation ........... 2.0     Watts
Envelope Temperature at Hottest point. 300    C

RADIO-FREQUENCY  POWER  ^JvtpLIFIER  AND   OSCILLATORutLASS  C  TELEplloI`IY
Carrier  Conditions  Per  Tube  For  Use With  a  Maximum
Modulation Factor of 1.0

Hcatervoltage* ............ 4.5to  5.7     Volts
Frequency 2500    Megacycles
DC plate voltagefl ..... 600    Volts
Negative DC Grid voltage .... 150    Volts
Peak positive RF Grid voltage ...... 30    Volts

PLATE-PuLSED   OSCILLATOR   OR   AMPLIFIER

Heater voltage* ..... 5.7 to 6.0    Volts
Frequency 3000    Megacycles
Peak Positive-Pulse Plate Supply
Voltage ..... 3S00     Volts

Duty Factor of Plate Pulse # A ..... 0.0025
Pulse Duration 3.0    Microseconds
Plate Current

Average During plate pulseA** .... 3.0    Amperes

PeaLk Negative RF Grid Voltage ....... 400    Volts
DC Grid Current 50    Millianperes
DC  CathodeCurrcnt ................ 100     Milliamperes
Plate Dissipation ..... 70    Watts
Grid Dissipation ...... 2.0    Watts
Envelope Temperature at Hottest point. 300    C

Negative Grid Voltage
Average During Plate Pulsett ....... 150    Volts

Grid Current
Average During plate pulse ..... I.8    Amperes

Plate DissipationA ....... 27    Watts
Grid DissipationA ..... 2.0    Watts
Envelope Temperature at Hottest point. 300    C

GENEnAL © ELEC"IC



7289
ET-F22
Pog®  2
'2-6'

CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

6.0     Volts
600    Volts

Volts
loo

25000    Micromhos
70    Milliamperes

Heater Voltage. .  .
Plate Voltage .  .
Grid Voltage§§ .  .  .
Amplification Factor .  .
Transconductance .  .
Plate Current .  .

RADIO-FREQUENCY   POWER   AMPLIFIER

Frequency .  .  .
DC Plate Voltage. . .
DC  Grid Voltage .  .  .
DC Plate Current .  .
DC Grid Current,  approximate. .  .
Driving Power,  approximate .  .
Useful Power Output. . .

RADIO-FREQUENCY   OSCILLATOR

F`requency

.500     Megacycles

.900     Volts
-40    Volts
..90     Milliamperes
..30     Milliamperes
...6     Watts
..40    Watts

2500     Megacycles

*  The  equipment  designer  should  design  the  equipment  so
that  heater  voltage  is  centered  at  some  value  within  the
range of 4.5 to 5.7 volts for CW operation, or 5.7 to 6.0 volts
for  pulse  operation.  Heater  voltage  variations  about  the
center value should be kept as small as practical and should
not,  in any case,  exceed  ±5%.  The optimum center value
of heater  voltage  depends  on  the cathode  current  and on
other   parameters   of  circuit   design   and   operation.   For
specific  recommendations,  contact  your  General  Electric
tube sales representative.

t  Heater current of a bogey tube at Ef = 6.0 volts.
I  Measured in a special shielded socket.
§  Modulation essentially negative may be used if the positive

peak   of  the   audio-frequency   envelope   does   not   exceed
115t/:  of the carrier conditions.

DC Plate Voltage .  .
DC Grid Voltage, approximate .
DC Plate Current .  .
DC Grid  Current. .  .
Useful Power Output. . .

PLATE-PULSED   OSCILLATOR

Frequency .  .  .
Heater Voltage
Duty Factor. . .
Pulse Duration .

...900     Volts
.-22     Volts
...90     Milliamperes
..10     Milliamperes

...17     Watts

3000     Megacycles
.5.8     Volts

.  .  . 0.0025

...3.0     Microseconds
Peak  Positive-Pulse  Plate-Supply

Voltage ...... 3500     Volts
Plate Current

Average During plate pulse ..... 3.0    Amperes
Grid Current

Average During plate pulse .... I.8    Amperes
Useful Power Output

Average During plate pulse ..... 1.6     Kilowatts

tl For  modulation  factors  less  than  1.0,  a  higher  d-c  plate
voltage may be used if the sum of the peak positive audio
voltage  and  the  d-c  plate  voltage  does  not  exceed  1200
volts.

# Applications with a duty factor greater than 0.0025 should
be referred to your General Electric tube sales representa-
tive for recommendations.

Aln any  5000-microsecond interval.
**The regulation and/or series plate-supply impedance must

be  such  as  to limit  the  peak  current,  with  the tube  con-
sidered a short circuit, to a maximum of 30 amperes.

ttThe  maximum  instantaneous  value  should  be  within  the
range of  +250 to  -7S0 volts.

§ §Adjusted for Ib = 70 milliamperes.

Absolute-Mciximum  ratings  cire  limiting  vcilues  of operclting cill  other  electron  devices  in  the  equipment.
and    environmental    conditions    cippliccible    to    any    electron The   equipment   manufacturer    should    design   so   that    ini-
tube   of   a   specified   type   as   defined   by   its  published  dclta tially   and    throughout   life   no   absolute-maximum   vcilue   for
and  should  not  be  exceeded  under  the  worst  probable  condi- the   intended   service   is   exceeded   with   any   tube   under   the
lions. worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   vcllues   to   provide voltage   varicition,   equipment   component   variation,   equlp-
acceptable  serviceability  of  the  tube,  making  no  allowance ment   control    adjustment,'   load    variation,    signal   variation,
for   equipment  variations,   environmental   vclriations,   clnd   the environmental   conditions,   and   vciriations   in   the   charclcteris-
effects  of  changes  in  operciting  conditions  due  to  varicltions tics  of  the  tube  under  consideration  clnd  of  cill  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

:..,':h::ra'iu.bE,i:S::rT:dafa.::a,n::e!m.:?:s, tdh::::n:.sf.: , ,:h::r:e,f.em.::ysmc:a:s:c,oov.:r:e,:en,b:y:n:f;'fR::.i:;:      g|:,:.oe,rna:,sn.;I ::!rh,:, c:;.:e::a:ne.y.o:s,s,::.e,::n::dei;,:X::s; ;'.ef,no::.g;:e:n?se:nn;, r;:ng,:h,me.a.:;ano:r::,rn;g;
iinder    palon.    claims    covering    combinations    of    tubes    wilh    other    dcvic®s    or         lubosorothers.
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lNITIAL  CHARACTERISTICS  LIMITS

Mid,       Max,
Heater Current

Ef = 6.0 volts

Grid Voltage
Ef = 6.0 volts, Bb = 1000 volts,  Ib = 100 rna. , .

Grid Voltage
Ef =6.0 volts, Eb = 1000 volts,  Ib = 1.0 rna .  . .

Negative Grid Current
Ef = 6.0 volts, Eb = 1000 volts, Ec adjusted for Ib = 100 rna .  .

Interelectrode Leakage Resistance
Ef = 6.0 volts, Polarity of applied d-c interelectrode voltage is such
that no cathode emission results

Grid to Cathode at 500 volts d-c

I nterelectrode C apacitances
Grid to Plate:  (g to p) ..........
Grid to Cathode: (g to k)
Plate to Cathode: (p to k)

0.90        1.05    Amperes

-2.0      -7.0    Volts

-25    Volts

8.0    Microamperes

50          ...     Megohms

1.95        2.15    Picofarads
5.6          7.0    Picofarads

0.035    Picofarads

SPECIAL  PERFORMANCE  TESTS

Min,       Max.
Oscillator Power Output

Tubes arc tested for power output as an oscillator under the fol-
lowing  conditions:  Ef=5.0  volts;  F=2500  MC,  min.;  Eb=1000
volts; Ib = 90 rna

Pulsed-Oscillator Power Output
Tubes  are tested for power output as  an oscillator under the fol-
lowing  conditions:  Ef =5.8  volts;  F =3000  MC,  min.;  epy =3500
volts;  tp=3.0  #sec.   ±10%;  Du=0.0025   ±5%;  Rg  adjusted  for
lb = 7.S rna; Ec = -I.5 volts, max.; Ic =4.5 rna, max ....

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure of 54
mm  Hg.  Tubes  shall  not  give  visual  evidence  of flashover  when
1000  volts  RMS,  60  cps,  is  applied  between  the  plate  and  grid
teminals.

15....Watts

4.0....Watts

DEGRADATION   RATE  TESTS

Shock
Statistical sample subjected to 5 impact accelerations of approximately 400 a and 0.S millisecond9

duration  in  each  of three  positions.  The  accelerating  forces  are  applied  by  the  Navy-type,  High
Impact (flyweight) Shock Machine.

SOO-Hour Life Test
Statistical sample operated for 500 hours as an oscillator to evaluate changes in power output with

life.

72e9
ETIF22
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PHYSICAL  DIMENSIONS

NOTE  4 AND 6
REFERENCE  SuRFACE

PLATECONTACT-SURFACE
NOTE   I

_ NOTE 4

GRID  CONTACT

/i85EA8E

HEATEB  CONTACT

/38iEA2E
HEATER  AND
CATHODE CONTACT
SUFiFACE
NOTE  2

NOTES

1.   The total indicated runout of the plate contact surface with respect to
the cathode contact surfaces will not exceed .020 inch.

2.   The total indicated runout of the cathode contact surface with respect
to the heater contact surfaces will not exceed .012 inch.

3.   The total indicated runout of the grid contact surface with respect to
the cathode contact surface will not exceed .020 inch.

4.   Do not clamp or locate on this surface.
S.   Hole provided for tube extractor through the top fin only.
6.   Measure plate shank temperature on this surface.

DIMENSIONS   FOR
OuTLINE   (lNCHES)

Minimum             Maximum

1.815

1.289
1.085
.880
.462

DIMENSIONS   FOR   ELECTRODE
CONTACT   AREA   (lNCHES)

Dimension               C®hlacl

.198 ±.163              Plate
1.225 ±.040              Grid
I.631 ±.097             Heater
1.64S ±.170              Cathode
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AVERAGE  PLATE  CHARACTERISTICS
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AVERAGE   CONSTANT-CURRENT   CHARACTERISTICS
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METAL-CERAMIC   TRIODE

DESCRIPTION   AND   RATING
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FOR  VHF   OSCILLATOR   AND   AMPLIFIER   APPLICATIONS

The  7296  is  a  high-mu  triode  Of ceramic-and-metal  planar  construction
primarily  intended  for  use  as  an  oscillator,  broadband  radio-frequency
amplifier,  or  VHF  power  amplifier.  The  7296  is  especially  suited  for  use
where  unfavorable  conditions  of  mechanical  shock,  mechanical  vibration,
and nuclear radiation are encountered.

GENERAL

ELECTRICAL

Cathode-Coated Unipotential
Heater Voltage, AC or DC * ....... 6.3 ±0.3
Heater Current+ . .
Direct lnterelectrod; .Capacit;;t:s I

Grid to Plate:  (g to p) . . .
Input: g to (h  +  k) .  .

Heater to Cathode: (h to k)
Output: p to  (h  +  k) . : .. : :  :

.0.4
Volts
Amperes

ABSOLUTE"AXIMUM  VALUES

Plate voltage ........ 330

Positive DC Grid voltage ...,. 0
Negative DC Grid voltage ...... 50

Plate Dissipation ....... 5.5

DC Grid current ...... 10

DC cathode current ...... 30
Peak cathode current ...... 120

MECHANICAL

Mounting Position-Any §

JVLAXIJVLUM   RATINGS

Volts
Volts
Volts

Watts
Milliamperes

Milliamperes
Millianperes

Heater-Cathode Voltage
Heater  Positive with  Respect to

Cathode
Heater Negative with Respect to

Cathode .
Grid Circuit Resistance

With Fixed Bias .  .

50    Volts

50    Volts

.0.I     Megohms
With cathode Bias ...... 0.18    Mcgohms

Envelope Temperature at Hottest Point #
Plate Dissipation not over 3.3 Watts.. 300    C
PlateDissipationupto5.5Watts .,... 250    C

Absolule-Maximum ratings are limiting volues of operating
and   environmental   conditions   applicable   .o   any   electron
tube  of  a  specified  type  os  defined  by  its  published  doto
and should not be exceeded  under the worst probable condi-
ions.

The   tube  manufoclurer  chooses   these  values   lo   provide
acceptable  serviceability  of  the  tube,  making  no  ollowonce
for  equipment  voriotions,  environmenlol  vclriotions,  and  the
effecls  of changes  in  operaling  conditions  due  to  variations
in  the  cl`arocleristics  of  the  lube  under consideration  and  of

all olher electron devices in the equipmenl.
Tlie   equipment   monufocturer   should   design   so   that   ini-

tially   and   throughout   life  no   absolute-maximum  voluo  for
lhe  intended  service  is  exceeded  with  any  tube  under  the
worsl  probable operating  conditions  wilh  respect  to Supply-
vollage  voriolion,  equipment  component  vorialion,   equip-
menl  control   odiustmenl,   load   vorialion,   signal   variation,
environmental  conditions,  and  vorialions  in  the  chorocteris-
tics of the tube undei. consideration and  of all other electron
devices  in lhe equipment.

?£T:::;.a':u:::,:.i'i:r::dFOE:®:;ainc:o3:g:.,i|;?':hi!i&f§::;'[g;:::a,';§fcem::u:::.!°:Sic;::;:ri.:i¥?:i?:;v'::#::::£§j
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AVERAOE   CHARACTERISTICS

Plate Voltage .  .
Cathode-Bias Resistor. .  .
Amplification Factor .  .  .

CHARACTERISTICS  AND  TYPICAL  OPERATION

...200     Volts
...68     Ohms
.   .  .  90

Plate Resistance,  approximate ...... 5450     Ohms

*  The  equipment  designer  should  design  the  equipment  so
that  the  heater voltage  is centered at the specified bogey
value, with heater supply variations restricted to maintain
heater voltage within the specified tolerance.

t  Heater current of a bogey tube at Ef =6.3 volts.
I  Without external shield.
§  One method of mounting the 7296 is to use a stainless-steel"T"  bolt  (see  drawing)  to  attach  the  mounting  base  of

the tube to a chassis or circuit board. The "T" bolt should
be  inserted  in  the  slot  in  the  base of the tube,  turned  90

Heater Current
Ef = 6.3 volts .

Transconductance .
Plate Current

...16500     Micromhos
17     Milliamperes

Grid Voltage, approximate
Ib=10  Microamperes ....- 5.5     Volts

degrees,  and  attached to the chassis or circuit board with
a  4-40  nut  and  lock  washer.  Torque  used  to  tighten  the
nut should not exceed 3 inch-pounds.

# Operation below the rated maximurn envelope temperatures
is   recommended   for   applications   requiring   the   longest
possible  tube  life.  The  7296  is  also  capable  of  operation
at  envelope  temperatures  much  higher  than  the   rated
maximum  values.  For  specific  recommendations  concern-
ing  higher  temperature  operation,  contact  your  General
Electric tube sales representative.

INITIAL  CHARACTERISTICS  LIMITS

Min,

370

Plate Current
Ef =6.3  volts,  Eb = 200 volts,  Rk = 68 ohms  (bypassed) ...... 10

Transconductance
Ef = 6.3  volts,  Eb = 200 volts,  Rk = 68 ohms  (bypassed) ...... 13000

Amplification Factor
Ef =6.3  volts, Eb = 100 volts,  Rk =68 ohms  (bypassed) ..... 65

Zero-Bias Transconductance
Ef = 6.3 volts, Eb = 100 volts, Ec = 0 volts .  .

Grid Voltage Cutoff
Ef =6.3 volts,  Eb = 200 volts,  Ib = 10  Ha.  .  .

Interelectrode Capacitances
Grid to Plate  (g to p) .  .
Input: g to  (h  +  k) .  .
Output: p to  (h  +  k) .  .
Heater to Cathode:  (h t; i.).. : :

.  .  .13000

1.9

3.7

0.05
2.1

Negative Grid Current
Ef = 6.3 volts, Eb = 200 volts, Eec = -1.0 volts, Rk = 68 ohms
(bypassed),  Rg = 0.18 meg .  . .

Heater-Cathode Leakage Current
Ef = 6.3 volts, Ehk = 100 volts

Heater Positive with Respect to Cathode. . .
Heater Negative with Respect to Cathode. . .

Interelectrode Leakage Resistance
Ef =6.3  volts.  Polarity  of applied  d-c  interelectrode  voltage
is such that no cathode emission results.

Grid to All at  100 volts d-c
Plate to All at 300 volts d-c .  .

Grid Emission Current
Ef = 7.0 volts, Eb = 200 volts, Ecc = -15 volts, Rg =0.18 meg

Bogey         Max.

400             430    Milliamperes

17                 24     Mil!iamperes

16500          20000     Micromhos

90                 115

20000                   .     Micromhos

-5.5           -9.5    Volts

2.2

5.0
0.075

2.8

2.5     pf
6.3     pf
0.I     pf
3.5     pf

0.5    Microamperes

20    Microamperes
20    Microamperes

•     Megohms
...     Megohms

2.0    Microamperes

+/
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SPECIAL  PERFORMANCE  TESTS

Min.            B®g®y
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400 Megacyclc Oscillator Power Output
Tubes are tested for power output as an oscillator under the
following  conditions:   F=400   mc,   Ef=6.3   volts,  Eb=300
volts,  Rg = 1400 ohms, Ib = 20 rna maximum, Ic = 6.0-9.0 rna.

Pulse Emission
Tubes are tested for pulse emission under the following condi-
tions:  Ef=6.3  volts,  Eb=200  volts,  Ec= -20  volts,  egk=
+12   volts,   prr=1000  pps,   duty  cycle   1%.  Pulse  cathode
current is measured.

Grid Recovery ..... Change in Average Plate Current .  .
Peak Plate Current Backswing. . .

Tubes with poor grid recovery affect circuit operation, when
the grid is driven positive by a pulse of signal or noise, some-
what  as if a parallel RC circuit were in series with the grid.
This effect may occur in tubes of any type, but is unimportant
in many applications. In the majority of 7296 tubes the effect
is negligible, but to eliminate the few in which it may be ex-
cessive,   tubes   are  tested   under  the   following   conditions:
Ef=6.3   volts,   Ebb=250  volts,   RL=0.01   meg.   Ec   is   ad-
justed for lb = 10 rna.

Upon application to the grid of a pulse  driving  it  3  volts
positive with respect to cathode  (prr =60  pps,  duty cycle =
0.12%) the change in average plate current is noted, and the
peak  plate  current  backswing  is  measured.  The  following
diagram  shows  qualitatively  the  plate  current-time  rela-
tionship for a tube (with poor grid recovery) subjected to this
test :

1.6                  2.0

Max,
....     Watts

Millianperes

1.0    Milliamperes
2.0    Millianperes

T'ME

Low Frequency Vibrational Output. . .
Statistical  sample  is  subjected  to  vibration  in  each  of two
planes at 40 eps, with peak acceleration  15  G.  Tube is opcr-
ated with Ef =6.3 volts, Ebb =200 volts,  Rk =68 ohms  (by-
passed),  RL = 2000 ohms.

Variable Frequency Vibrational Output
The tube is designed to be free of vibrational outputs in  ex-
cess of 100 mv RMS at any frequency within the range  100-
2000 eps, when vibrated in either Of two planes at  10 G peak
acceleration.  Electrical  conditions for  this  test  are the  same
as for Lew Frequency Vibrational Output.

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure
of 8 mm Hg, to simulate an altitude of 100,000 feet. Tubes shall
not give visual evidence of flashover or corona when 300 volts
RMS, 60 eps, is applied between the plate and grid terininals.

15   Millivolts HMS
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DEGRADATION  RATE  TESTS

Fa,igu®
Statistical sample vibrated for a total of six hours, three hours in each of two planes, at a peak acceleration
of 10 G. Frequency is continuously varied from 30 eps to 2000 eps and back to 30 eps, with a period of ten
minutes. Tubes are operated during the test with Ef = 6.3 volts, Eb = 200 volts, and Rk = 68 ohms. Following
the test, tubes are evaluated for low frequency vibrational output, heater-cathode leakage, heater current,
and transconductance.

Shock
Statistical  sample  subjected  to  5  impact  accelerations  of approximately  600  G  in  each  of four  positions.
The accelerating forces are applied by the Navy-type, High Impact (flyweight)  Shock Machine using a 42°
hammer angle. Tubes are mounted by T-bolt with 3 inch-pounds torque, and operated during the test with
Ef=6.3  volts,  Eb=200  volts,  Ehk= +100  volts,  Rg=0.1  Meg,  and  Rk=68  ohms.  Following  the   test,
tubes  are  evaluated  for  low  frequency  vibrational  output,  heater-cathode  leakage,  heater  current,  and
transconductance.

Sl®bilily  Life Test
The  statistical  sample  subjected  to  the  Dynamic  Life  Test  is  evaluated  for  percent  change  in  zero-bias
transconductance of individual tubes,  from the initial reading to readings following  2  hours  and 20 hours
of the life test.

Survival  Rale  Life Tee.
The combined statistical samples subjected to the Dynamic and Pulse I,ife Tests are evaluated for shorted
and open elements following approximately  100 hours of life test.

Dynamic  Life T®sl
Statistical sample operated, with a 60 eps grid signal, at maximum rated DC grid current and cathode cur-
rent for a period of 1000 hours.  Heater voltage is cyclcd  (on  194 hours, off  % hour). Tubes are evaluated,
following 500 and  1000 hours of life test, for shorted or open elements, heater current, zero-bias transcon-
ductance, oscillator power output, and heater-cathode leakage.

Pulse  Life Test
Statistical sample operated with 400 rna peak cathode current,  I % duty cycle, for  1000 hours. Heater volt-
age is cycled  (on  1 % hours, off % hour).  Tubes are evaluated, following 500 and  1000 hours of life test, for
shorted  or  open  elements,  heater  current,  pulse  emission,  and  heater-cathode  leakage.

Inl®rface  Life T®sl
Statistical sample operated for  1000 hours with Ef = 6.6 volts, no other voltages applied,  and evaluated for
cathode interface resistance following the life test.

Hcol®r-Cycling  Life T®sl
Statistical sample operated for 2000 cycles minimum to evaluate and control heater-cathode defects. Condi-
tions of test include Ef = 7.5 volts cycled for one minute on and one minute off, Eb = Ec = 0 volts, and Ehk =
70 volts with heater positive with respect to cathode. Following this test tubes are evaluated for open heaters.
heater-cathode shorts, and heater-cathode leakage current.
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PLANAR   TRIODE

DESCRIPTION   AND   RATING
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FOR  GROUNDED-GRID  CLASS  C  OSCILLATOR  APPLICATIONS
Metal and ceramic                                                                               Low Power
Small size                                                                                  Conduction cooled

The  7391  is  a high-mu,  metal-and-ceramic triode intended for operation
as a grounded-grid,  Class C oscillator at frequencies as high as 6000 mega-
cycles.

Features of the tube include small size, planar electrode construction with
close  spacing,  inherent  rigidity,  and  an  envelope  structure  convenient  for
coaxial  circuit  applications.

The physical appearance and dimensions of the 7391 are identical to those
of the 6299.

GENERAL

ELECTRICAL

Cathode+Coated Unipotential
Heater Characteristics and Ratings
Heatervoltage,ACorDC* ..... 6.3±0.3    Volts
Heater  currentt ..... 0.38    Amperes
Cathode Heating Time, minimum .... 60    Seconds
Direct Interelectrode Capacitancest

Grid to plate:  (g to p) ...... 1.58    pf
Grid to Cathode and Heater: g to

3.25     pf

0.0158     pf
Plate to Cathode and Heater: p to

ABSOLUTE"AXIMUM  VALUES
Plate Voltage .  .

MECHANICAL

Mounting Position-Any
NetWeight,approximate ............. 1/6    Ounce
Cooling-Conduction§

MAXIMUM  RATINGS

DC Plate Current .
..200     Volts

Negative DC Grid voltage ..... 15    Volts
Plate Dissipation ...... 2.25    Watts

DC Chid Current
...15    Millianperes

3.0    Millianperes
DC cathode current ..,... 15    Milliamperes
Envelope Temperature at Hottest point.150    C

Absolute-Maximum ratings ore limiting vc]lues of operating
and   environmental   conditions   applicable   to   any   electron
tube  of  a  specified  type  as  defined  by  its  published  data
and  should  not be exceeded  under the worst probable condi-
tions,

The   tube   manufacturer  chooses   these   values   to   provide
acceploble  serviceability  of  the  lube,  making  no  allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  lo  varicltions
in  the  characteristics  of  the  tube  under consideration  and  of

all  other electron  devices  in  the equ`ipment.
The   equipment   manufacturer   Should   design   so   that   ini-

tially   and   throughout   life  no   absolute-maximum  value   for
the  intended   service  is  exceeded   with  any  Tube  under  the
worst  probable operating  conditions  with  respect  to  supply-
voltclge   voriotion,   equipment   component   variation,   equip-
ment   control   odiuslment,   load   variation,   signal   voriotion,
envjronmentol  conditions,  and  variations  in  the  charocleris-
lics of the tube under consideration and  of all  other electron
devices  in  the  equipment.

3:.::::::a':u::E,i.isij,I::.f|i!a,nc?.::g:.,;I;:,d:G:;;::Sj::,,,,:h,;::.tilt.mf:.::mc.!so:sn:,::;:r;.:::!?::pn:a;I::#:::i:i:    i:,:a:',r:i:i;;;,;rhi:fc:::'p,n:c:':.oa:.i.,:h:oa;hx.:ror:i:y#!''oo:no.i.gf!:nr:'b:;,.!ioy::m'u.r:fond:,::,i'n:a:

GENEnAL © ELEc"ic
Supersedes  ET-T\614  dal®d  6-cO



7391
ET-T1614A
Page  2
12J'

CHARACTERISTICS  AND  TYPICAL  OPERATION

^VERACE  CHARACTERISTICS
Plate Voltage ....
Grid Voltage ........,,..,..
Amplification Factor ........
Transconductance..........
Plate Current

...175     Volts
.-1.5    Volts
....  62

.11000    Micromhos
10    Milliamperes

CLASS  C  CW  OSCILLATOR
CROUNDED¢RID  COAXIAL-TYPE  CIRCUIT

Frequency . . .
Plate Voltage
Plate Current

..500     1000     5400     Megacycles

.    150        150        150     Volts

...12          12          12     Millianperes

Heater Current

Ef =6.3 volts.  .

Gridcurrent .......... 3.0        3.0        3.0    Millianperes
Poweroutput .,,...,..   500       250         65    Milliwatts
*  The  equipment  designer  should  design  the  equipment  so

that heater voltage is centered at the specified bogey value,
with   heater   supply   variations   restricted   to   maintain
heater voltage within the specified tolerance.

t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Without external shield.
§  The electrical connections to the plate and cathode must

provide good themal  conductivity from these electrodes.
The plate contact must be sufficiently flexible to keep the
lateral force on the plate terminal at a minimum.

INITIAL  CHARACTERISTICS  LIM.TS

Min.         Bog®y         Max.

360             380             400    Milliamperes

Grid Voltage
Ef =6.3 volts, Eb = 175 volts, Ib = 10 rna -0.7          -1.5        -2.55    Volts

Transconductance
Ef=6.3 volts, Eb=175 volts, Ec adjusted for Ib=10 rna ....... 8000         11000         13500    Micromhos

Amplification Factor

Ef=6.3 volts, Eb=175 volts, Ec adjusted for Ib=10 rna .......     46                62                80

Grid Voltage Cutoff
Ef=6.3volts,Eb=175volts,Ib=100pa ..................- 2.4           -4.2            -7.0    Volts

Interelectrode Leakage Resistance

Ef = 6.3 volts, Polarity of applied d-c interelectrode voltage is
such that no cathode emission results.

Grid to Cathode and Heater at 45 volts d{ ................ 0.25
Grid to Plate at 500 volts d-c.

I nterelectrode C apacitances

Grid to Plate: (g to p) .  .
Grid to Cathode and Heater: g to (h+k)
Plate to Cathode and Heater: p to (h +k)  . .

•     Megohms
.     Megohms

1.40              1,58              I.80     pf
2.60             3.25             3.95     pf

.... 0.010         0.0158            0.023     pf

SPECIAL  PERFORMANCE  TESTS

Min.         Bogey         Max.
5400 Megacycle Oscillator
Power Output

Ef=6.3  volts,  Eb=150  volts,  Rg=2000  ohms,  Ib=15±O.S
rna,  F =5400 MC, min .....,.... 30                 65          .....      Milliwatts

DEGRADATION  RATE  TESTS

500-Hour Life

Statistical sample operated for 500 hours to evaluate changes in power output and transconductance with
life.



PHYSICAL  DIMENSIONS
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•>   GRID    TERNINAL  (NOTE   2)
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````.`.385".AX.DIA.

-   CATHODE    AND  HEJITER    TERMINAL

(WOTE  3)

GETTEfl      TEflMINAL

(DO    NOT   USE   FOR   ANY   DC
oB    RF   comECTioN-NOTE  4}

-~ .--- HEATER    TERMINAL    (NOTE  5)

L-   o62"± oo3.' DIA

DIMENSIONAL  TOLERANCES

:-!Jed,±ae.:?=!            :£-§   ==:§

a +I '-I9
8     -8=                              +,00_=!'_:;I i---+I __._ -

Sr!,

i'J L332`

9" I

3i 4
r¥2 i.` I 5"

32     ,9"

64 32

FRACTIONAL     TOLERANCES

f  OR   LEss±.Ooe"  OvER  -i:  ±.015'.

NOTES:
I.   Maximum eccentricity 0.007' (runout 0.014")
2.   Maximum eccentricity 0.008'  (runout 0.016')
3.   Maximum eccentricity 0.010"  (runout 0.020')
4.   Maximum eccentricity 0.015'  (runout 0.030')
5.   Maximum eccentricity 0.010"  (runout 0.020")

Eccentricities   measured   with   respect   to   center   line
through gage. Tube shall be rotated 360° in gage without
binding.
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The  7462  is  a  high-mu  triode  of ceramic-and-metal  planar  construction
primarily intended for radio-frequency amplifier service from low frequencies
into the  ultra-high-frequency range.  It is similar to the  7077  in  character-
istics but differs in having terminal lugs for use in print-board circuits.

GENERAL

JVLAXIJVLUM   RATINGS

ABSOLUTE-MAXIMUM   VALUES

Plate Voltage . 250    Volts

PositivePeakandDCGridVoltage ...... 0    Volts

Negativcpeak and DC Gridvoltage...   50    Volts
PlateDissipation .................... 1.1     Watts

DCCathodeCurrent ................ 11     Milliamperes

Heater -Cathode Voltage
Heater   Positive   with   Respect   to

Cathode .
Heater Negative with Reapect to

Cathode
Grid-Circuit Resistance, with Fixed

50    Volts

50    Volts

0.01    Megchms
Bulb Temperature at Hottest Pointfl 250    C

Absolute-Maximum ratings clre limiting values of operating
and   environmental   conditions   applicable   lo   any   electron
tube  of  a  specified  type  os  defined  by  its  published  data
and  should not be exceeded under the worst probable condi-
tions.

The   tube  manufacturer  chooses   lhese  values   lo  provide
occeplable  serviceobilily  of  the  tube,  making  no  allowance
for  equipment  voria.ions,  environmental  variations,  and  lhe
effecls of  changes  in  operating  condilions  due  to voriotions
in  the  characteristics  of  the  tube  under con§ideralion  and  of

all  other electron devices in the equipment.
The   equipmenl   manufacturer   should   design   §o   lhol   ini-

tially   and   lhroughoul   life   no  ob§olule-maximum  value   for
the  intended  service  is  exceeded  wilh  any  tube  under  the
worst  probable operating  conditions  with  respect  lo  Supply-
voltage  variation,  equipment  component  vorialion,  equip-
ment   control   adiu§lmenl,   load   vorialion,   Signal   voriolion,
environmental  conditions,  and  variations  in  .he  charocleris-
tics of the  tube under consideration  and  of all  other electron
devices  in the equipment.

CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS
PlateVoltage ...................... 150     Volts

Chid Voltage +6.0    Volts
Cathode-BiasResistor ............... 910     Ohms

Amplification Factor ................. 94

Plate Resistance, approximate ....... 9000    Ohms
Transconductance ................ 10500     Micromho8
Plate Curent
Grid Voltage, approximate

lb = 100 Microamperes .....

GENERAL ©  ELECTRIC

Supersedes 7462  D  &  R  sl`eel  ET-T\540A,  dc\\ed  2-60

7.2    Mmianpercs

-2.4    Volts
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FOOTNOTES
*  The  equipment  designer  should  design the  equipment  so  that  heater  voltage  is  centered  at  the  specified

bogey value, with heater supply variations restricted to maintain heater voltage within tbe specified tolerance.
t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Without external shield.
§  If a cathode bias resistor is used, the grid-circuit resistance may be as high as  (10,000 + 100 Rk +RL) ohms,

where Rk is tbe value of the cathode-bias resistor in ohms and R|, is the value of the  plate-load resistor
in ohms.

fl For applications where long life is a primary consideration, it is recommended that the envelope temperature
be maintained below  175 C.

NOTE:    Maximum eccentricity of
insulators 0.010 in.
from center line.

;::|{:;ra':u:b[:?..:n£,!r:;:aaie:r5ainc:a::g::i:;!Oy':h;:;I;;i::;I,:E;Err:,;ifcom€:::S€6!o.asj;:::c.:r!e::e:yb:sy::Pn:!'::in:a;i::i     !u:,£efr:o!;Sn.j:;:;I:.:,C::bii?in.:goo:a,s,;::;hx:P:ri:.:v:¥:I:;':frno#£:e:nr:.;nn;f I;:nay:hF.uern:I;a::r::I'n:g;

lNIT.AL  CHARACTERISTICS  LIMITS

Min.          Bogey           Max.

Heater Current
Ef =6.3 volts

Plate Current
Ef = 6.3 volts, Eb = 150 volts, Rk = 82 ohms (bypassed) .

Transconductance
Ef = 6.3 volts, Eb = 150 volts, Ec = +6 v9lts, Rk = 910 ohms (bypassed)

Amplification Factor
Ef = 6.3 volts, Eb = 150 volts, Ec = + 6 volts, Rk = 910 ohms (bypassed)

222              240              258    Milliamperes

4.5               7.5                 11     Milliamperes

8000          10500          13000    Micromhos

65                  94               115



INITIAL  CHARACTERISTICS  LIMITS  (Continued)

Min.          Bogey            Max.
Transconductance Change with Heater Voltage

Difference between transconductance at Ef = 6.3 volts and trans-
conductance  at  Ef= 6.0  volts  (other  conditions  the  same)  ex-
pressed as a percentage of transconductance at Ef = 6.3 volts. . .

Grid Voltage Cutoff
Ef = 6.3 volts, Eb = i5o volts, Ib = 100 pe .  .

Interelectrode Capacitances
Grid to Plate: (g to p) .  .
Input: g to (h+k)
Output: p to (h+k)
Heater to Cathode: (h to k)

Heater-Cathode Leakage Current
Ef = 6.3 volts, Ehk = 100 volts

Heater Positive with Respect to Cathode
Heater Negative with Respect to Cathode .  .

Interelectrode Leakage Resistance
Ef = 6.3 volts. Polarity of applied d-c interelectrode voltage
is such that no cathode emission results.

Grid to All Of loo volts d-c .
Plate to AIl at 300 volts d-c

Grid Emission Current
Ef = 7.0 volts, Eb = 100 volts, Eec =  -10 volts, Rg = 0.1 meg .  .  .

15    Percent

-2.4          -4.5    Volts

1.05               1.25               1.45     pf
1.25                 1.8              2.25     pf

0.013           0.032           0.045     pf
1.1                  1.5                 I.9     pf

20    Microamperes
20    Microamperes

loo.........Megohms
loo......Mcgohms

2.0    Microamperes

SPECIAL   PERFORJVLANCE  TESTS

Low Frequency Vibrational Output
Statistical sample is subjected to vibration in each of two planes
at  40  cps,  with  peak  acceleration  15  G.  Tube  is  operated  with
Ef=6.3  volts,  Ebb=150  volts,  Rk=82  ohms  (bypassed),  RL=
10000 ohms .

Variable Frequency Vibrational Output
Statistical  sample is  subjected to  vibration  according to the pro-
cedure given below. Tube is operated with Ef = 6.3 volts, Ebb =
150 volts, Rk=82 ohms  (bypassed)  RL= 10000  ohms. . .

10    Millivolts  RMS

15    Millivolts  RMS

The variable-frequency vibration test shall be performed as follows :

1.     The frequency shall be increased from 100 to 2000 eps with approximately logarithmic progression in 3 ± 1 minutes.
The return sweep  (2000 to  100 cps)  is not required.

2.     The tube shall be vibrated with simple harmonic motion in each of two planes: first, parallel to the cylindrical
axis; second, perpendicular to the cylindrical axis and parallel to a line through the major axis of a terminal lug.
At all frequencies from  100 to 2000 cps, the total harmonic distortion Of the acceleration waveform shall be less
than 5%.

3.     The peak acceleration shall be maintained at 10 ±1.0 G throughout the test.

4.     The value of the alternating voltage produced across the load resistor  (RL), as a result of the vibration, shall be
measured with a suitable device having a response to the RMS value of the voltage to within  ±0.5 db of the re-
sponse at 400 cps for the frequency range of 100 to 3000 cps, and having a band-pass filter with an attenuation rate
of 24 db per octave below the low frequency cutoff point of 50 cps and above the high frequency cutoff point of
5000 eps. The meter shall have a dynamic response characteristic equivalent to or faster than a VU meter (oper-
ated in accordance with ASA Standard No. C16.5-1954).

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure of
8 mm Hg, to simulate an altitude of 100,000 feet. Tubes shall not
give visual evidence of flashover or corona when 300 volts RMS,
60 eps, is applied between the plate and grid terminals.
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DEGRADATION  RATE  TESTS
Fatigue

Statistical sample vibrated for a total of six hours, three hours in each of two planes, at a peak acceleration of 10 G.
Frequency is continuously varied from 30 cps to 2000 eps and back to 30 eps, with a period of ten minutes. Tubes are oper-
ated during the test with Ef = 6.3 volts, Eb = 150 volts, and Rk = 82 ohms. Following the test, tubes are evaluated for low
frequency vibrational output, heater-cathode leakage, heater current, and transconductance.

Shock

Statistical sample subjected to 5 impact accelerations of approximately 450 G in each of four positions. The accelerating
forces are applied by the Navy-type, High Impact (flyweight) Shock Machine using a 30° hammer angle. Tubes are operated
during the test with Ef = 6.3 volts, Eb = 150 volts, Ehk = + 100 volts, Rg = 0.1 meg, and Rk = 82 ohms. Following the test,
tubes are evaluated for low frequency vibrational output, heater-cathode leakage, heater current, and transconductance.

Stability  Life Tesl

The statistical sample subjected to the Intermittent Life Test is evaluated for percent change in transconductance Of
individual tubes, from the initial reading to readings following 2 hours and 20 hours of the life test.

Survival  Rale Life Test
The statistical sample subjected to tbe Intermittent Life Test is evaluated for shorted and open elements, and trans-

conductance, following approximately 100 hours of life test.

Infermi«®nl Life Tesl
Statistical sample operated  1000 hours under the following conditions: Ef = 6.3 volts, Eb = 150 volts, Eec = +6 volts,

Ehk = -70 volts, Rk = 910 ohms, Rg = 0.1 meg. Heater voltage is cycled (on 194 hours, off 34 hour) . Tubes are evaluated,
following 500 and  1000 hours of life test, for shorted or open elements, heater current, transconductance, heater-cathode
leakage, and interelectrode leakage resistance.

Inlerfuce Life Test
Statistical sample operated for  500 hours with Ef= 6.6 volts,  no other voltages  applied,  and evaluated for  cathode

interface resistance following the life test.

Healer-Cycling  Life Test
Statistical  sample operated for  2000  cycles minimum to  evaluate and control  heater-cathode defects.  Conditions of

test indude Ef = 7.0 volts cycled for one minute on and one minute off, Eb =Ec = 0 volts, and Ehk = 70 volts with heater
positive with respect to  cathode.  Following the test,  tubes  are  evaluated for  open  heaters,  heater-cathode  shorts,  and
heater -cathode leakage.
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METAL-CERAMIC  TRI0DE

FOR   UHF   OSCILLATOR   AND   POWER   AMPLIFIER
APPLICATIONS

DESCRIPTION   AND   RATING
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The  7486  is  a  high-mu  triode  of ceramic-and-metal  planar  construction
intended for  use  as  an  oscillator  or  radio-frequency power  amplifier  in the
ultra-high-frequency range. The 7486  is especially suited  for  use where  un-
favorable conditions of mechanical shock, mechanical vibration, and nuclear
radiation are encountered.

GENERAL

JVLAXIMUJVL   RATINGS

ABSOLUTE-MAXIMUM   VALUES
Plate Voltage .  .
Positive DC Grid Voltage   .

.250     Volts

...0     Volts
Negative DC Grid voltage ..... 50    Volts
Plate Dissipation ..... 1.0    Watts
DC Grid current ..... 2.2     Milliamperes
DC cathode current ..... 11     Milliamperes
Peak cathode current ..... 40    Milliamperes

Heater-Cathode Voltage
Heater Positive with Respect to

Cathode .  .  .
Heater Negative with Respect to

Cathode

.50    Volts

50    Volts
Grid circuit Resistance ...... 10000    Ohms
Envelope Temperature at Hottest

Points 250C

Absolute-Maximum ratings are  limiting values of operating all  olher  electron  devices  in  the  equipment.
and    environmental   conditions   applicable   to   any   electron The   equipmenl   manufacturer   should   design   so   thor   ini-
tube  of  a  specified   type  as  defined   by  its  published  dcitci tially   and   lhroughout   life   no   absolute-maximum   value   for
and  should  not  be  exceeded  under the worst  probable condi- the   intended   service   is   exceeded   with   clny   tube  under  the
tions. worst  probable  operciting  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equip-
acceptable  serviceability  of  the  tube,  making  no  allowance ment   control   adiustment,   load   variation,   signal   variation,
for  equipment  variations,  environmental  variations,  clnd  the environmental  conditions,  and  variations   in  the  chorocteris-
effects  of  changes  in  operating  conditions  due  to  vciriations tics  of  the  tube  under consideration  and  of  all  other  electron
in  the  characteristics  of  the  Tube  under  considercllion  and  of devices  in  the  equipmenl.

The  .ubes  and  arrangemenls  disclosed  herein  may  be  covered  by  palenls  of        elements.   In   lhe   absence   of   on   express   wri.len   agreement   to   lhe   control.y,

;:::e,rn'a::E,le,i,:r ,;,ooie:?Fc,a:vJe®r;nr:,t::ei:;:f:e;i,I:hi:a: ,;?fee ,duo:Sin:!°as;;:hc:::;i; ::n:#:a:,i:;      ;uu:t:o:fr:a;n!;:u:,:rs,.: fc,:: P,:#s awsistuh;.o`t.h enr.d'::?ci:i:yo:°er, epma::?a, inyfr::?epmu°r: Loasrj:inoof

GENEnAL © ELEc"I0
Supersedes  ET-T1531  daled  6-59
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CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Plate Voltage .
Grid Voltage
Cathode-Bias Resistor
Amplification Factor
Transconductance .  .
Plate Current .

UHF Oscillator Service
Plate Voltage .
Grid Resistor..
Plate Current .
Cirid Current .....
Frequency
Power Output, approximate

Class C RF Amplifier
Plate Voltage .
Grid Resistor .
Plate Current
Grid Current. .
Frequency
Power Output, approximate

FOOTNOTES
*  The  equipment  designer  should  design  the  equipment  so

that heater voltage is centered at the specified bogey value,
with heater supply variations restricted to maintain heater
voltage within the specified tolerance.

t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Measured using a grounded adapter that provides shielding

between external terminals of tube.

Heater Current
Ef = 6.3 volts

100                     150     Volts
0                         .      Volts

82     Ohms
90

11500               10500     Micromhos
8.0                    7.5     Milliamperes

150                     150     Volts
1000                 1000     Ohms

8.0                    8.0    Milliamperes
2.0                     2.0     Milliamperes

450                 1200     Megacycles
450                  300    Milliwatts

150     Volts
3000    Ohms

5.0     Milliamperes
1.0     Milliamperes

450    Megacycles
300    Milliwatts

§  Operation below the rated maximum envelope temperature
is   recommended   for   applications   requiring   the   longest
possible tube life.  The  7486 is also capable of operation  at
envelope temperatures  much  higher  than the rated maxi-
mum   values.   For   specific   recommendations   concerning
higher   temperature    operation,    contact    your    General
Electric tube sales representative.

INITIAL   CHARACTERISTICS   LIMITS
Min.               Bogey              Max.

222                    240                   258     Milliampercs

Plate Current
Ef = 6.3 volts, Eb = 150 volts,  Rk = 82 ohms  (bypassed) . . .

Zero ~Bias Transconductance
Ef = 6.3 volts, Eb = 100 volts, Ec = 0 volts. , .

Transconductance Change with Heater Voltage
Difference between Zero-Bias Transconductance measured at
Ef=6.3 volts and Ef =6.0 volts  (other conditions the same)
expressed as a percentage

Amplification Factor
Ef = 6.3 volts, Eb = 150 volts, Rk = 82 ohms  (bypassed) .....

Grid Voltage Cutoff
Ef = 6.3  volts,  Eb = 150 volts,  Ib = 100 4a ,..........

Interelectrode C apacitances
Cirid to Plate:  (g to p) .
Input: g to (h+k)
Output: p to (h+k) . . .
Heater to Cathode: (h to k)

4.5

8000                11500

11     Milliamperes

.     Micromhos

20    Percent

65                         90                       115

-2.4              -4.5    Volts

0.84                   1.00                   1.16     Picofarads
1.25                    1.70                   2.15     Picofarads

0.004               0.010                0.016     Picofarads
0.80                   1.10                   1.40     Picofarads



7486
Page 3

'OJ2

lNITIAL  CHARACTERISTICS  LIMITS  (Continued)
Heater-Cathode Leakage Current

Ef = 6.3 volts, Ehk = 100 volts
Heater Positive with Respect to Cathode .
Heater Negative with Respect to Cathode .

JV\ in.                Bogey

Interdectrode Leakage Resistance
Ef = 6.3  volts.  Polarity of applied  d-c interelectrode voltage
is such that no cathode emission results.

Grid to All at  100 volts d-c .
Plate to All at 300 volts d-c .

loo
100

Grid Emission Current
Ef = 7.0 volts, Eb.= 150 volts, Eec = -20 volts,  Rg = 0.1 meg     .....

SPECIAL  PERFORMANCE  TESTS
Min.

2001200 Megacycle Oscillator Power Output .  .
Tubes are tested for power output as an oscillator under the
following  conditions:  F = 1200  mc±50  mc,  Ef=6.3  volts,

Pulse Emission .  . .
Tubes  are  tested  for  pulse  emission  under  the  following
conditions: Ef = 6.3  volts,  Eb = 1S0  volts,  Ec = -10  volts,

Cirid Recovery
Change in Average Plate Current
Peak Plate Current Backswing .  .

Tubes   with   poor   grid   recovery   affect   circuit   operation,
when the grid is driven positive by a pulse of signal or noise,
Somewhat as if a parallel RC circuit were in series with the
grid.  This  effect  may  occur  in  tubes  of  any  type,  but  is
unimportant  in many  applications.  In the majority  of 7486
tubes the effect is negligible, but to eliminate the few in which
it may be excessive, tubes are tested under the following con-
ditions: Ef = 6.3 volts,  Ebb = 250 volts, RL  = 0.01  meg.  Ec is

OuTLINE   DRAWINO

^NOOE     ij±|.O±.±er           ,..5
J±T-a.®]::£i2£!ha-_±oLQg.|±T

lNOuL^TORCATHODE 11I

ILoo:t±2-I
I-IlN3UL^Tol`

__IT                   . 2eo
100'.i.005"                           i.012

HE^TEF' I

•OSS,i.00®,

_ t_ _OEiRp _f`j N.ea...L:Qt#i=-"-

+ L  .::£:

JV\ax,

20    Microampcrcs
20    Mieroampercs

.....     Megohms

.....     Megohms

2.0    Microamperes

Bogey            Max.
Mnliwatts

Eb=150  volts,  Rg=1000  ohms,  Ib=8.O  rna  maximum,
Ic = 1.6 -2.0 rna

90.....Milliamperes
egk=+7   V,   prr=1000   pps,   duty   factor=0.01.   Pulse
cathode current is measured

0.6    Milliamperes
I.0    Milliamperes

adjusted for Ib = 3.0 rna.
Upon  application  to  the  grid  of  a  5-volt   positive   pulse
(prr=60  pps,  duty  factor=0.0012)  the  change  in  average
plate current is noted, and the peak plate current backswing
is measured.  The following diagraln shows qualitatively the
plate  current-time  relationship  for  a  tube  (with  poor  grid
recovery) subjected to this test.

PLATE  CuRRENT  VS  TIME-
GRID   RECOVERY  TEST

1-Maximum      eccentricity      of
anode,    grid,   and    cathode
0.005"  from  center  line.

2-Maximum      eccentricity      of
insulators   O.01Or   from   cen-
'er  line.

T'ME

3rfenter    line    of    grid    ring
used   cis   reference   line   for
horizontal  tolerances.

4-Bottom  surface  of  grid  ring
used   os   reference   line   for
vertical  tolel.onces.
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SPECIAL  PERFORMANCE  TESTS  (Continued)

Low Frequency Vibrational  Output .  . .
Statistical  sample is  subjected to vibration in  each of two
planes   at   40  eps,   with  peak  acceleration   15G.   Tube  is

Variable Frequency Vibrational Output
The  tube  is  designed  to  be  free  of vibrational  outputs  in
excess  of  15  mv  RMS  at  any  frequency  within  the  range
100-2000 cps, when vibrated in either of two planes at loG

Low Pressure Voltage Breakdown Test
Statistical   sample   tested   for   voltage   breakdown   at   a
pressure of 8 mm Hg, to simulate an altitude of 100,000 feet.
Tubes shall  not give visual  evidence of flashover or corona

Min.                Bogey              Max.
10   Millivolts RMS

operated with Ef = 6.3 volts, Ebb = 150 volts, Rk = 82 ohms
(bypassed),  RL  = 10000 ohms.

peak acceleration. Electrical conditions for this test are the
same as for Low Frequency Vibrational Output.

when  300 volts RMS,  60 cps,  is  applied between the plate
and grid terminals.

DEGRADATION   RATE  TESTS
Fatigue

Statistical sample vibrated for a total of six hours, three hours in  each of two planes,  at a peak acceleration of
10G. Frequency is continuously varied from 30 eps to 2000 cps and back to 30 cps, with a period of ten minutes.
Tubes  are  operated during the test with  Ef = 6.3  volts,  Eb = 150  volts,  and Rk = 82  ohms.  Following the test,
tubes are evaluated for low frequency vibrational output,  heater-cathode leakage,  and heater current.

Shock
Statistical  sample  subjected  to  5  impact  accelerations  of approximately  450G  in  each  of four  positions.  The
accelerating forces are applied by the Navy-type, High Impact  (flyweight)  Shock Machine using a 30° hammer
angle.  Tubes  are  operated  during the test  with  Ef = 6.3  volts,  Eb = 150  volts,  Ehk = + loo  volts,  and  Rk = 82
ohms.  Following  the  test,  tubes  are  evaluated  for  low  frequency  vibrational  output,  heater-cathode  leakage,
and heater current.

Stability Life Test
The  statistical  sample subjected to the  Dynamic Life  Test  is  evaluated for  percent  change in  zero-bias trans-
conductance of individual tubes, from the initial reading to readings following  2  hours and  20 hours of the life
test.

Survival Rate Life Test
The combined statistical samples subjected to the Dynamic and Pulse Life Tests are evaluated for shorted and
open elements following approximately  loo hours of life test.

Dynamic Life Test
Statistical sample operated, with a 60 eps grid signal, at maximum rated DC grid current and cathode current
for a period of 1000 hours. Heater voltage is cycled  (on  1 % hours, off  ,1£ hour).  Tubes are evaluated, following
500 and  1000 hours of life test, for shorted or open elements,  heater  current, oscillator power output, zero-bias
transconductance,  heater-cathode  leakage,  and  interelectrode  leakage  resistance.

Pulse Life Test
Statistical sample operated with  120 rna peak cathode current,  0.01  duty factor, for  1000 hours. Heater voltage
is cycled  (on  1 % hours, off % hour). Tubes are evaluated, following 500 and  1000 hours of life test, for shorted
or  open  elements,  heater  current,  pulse  cathode  current,  heater-cathode  leakage,  and  interelectrode  leakage
resistance.

Interface Life Test
Statistical sample operated for  1000 hours with Ef = 6.6 volts, no other voltages applied, and evaluated for cath-
ode interface resistance following the life test.

Heater-Cycling Life Test
Statistical sample operated for 2000 cycles minimum to evaluate and control heater-cathode defects. Conditions
of test include Ef = 7.0 volts cycled for one minute on and one minute off, Eb = Ec = 0 volts, and Ehk = 70 volts
with heater positive with respect to cathode.  Following this test, tubes are evaluated for open heaters,  heater-
cathode shorts,  and heater-cathode leakage current.

Note:  The conditions for  some of the indicated tests have deliberately been selected to aggravate tube failures for
test and evaluation purposes.  In no sense should these conditions be interpreted as suitable circuit operating
conditions.
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METAL-CERAMIC  TRIODE

DESCRIPTION   AND   RATING

The  7588  is  a  high-mu  triode  of ceramic-and-metal  planar  construction.
The  tu.be  is  intended  for  use  as  a  broadband  radio-frequency  amplifier  at
frequencies up to  500 megacycles.

GENERAL

ABSOLUTE-MAXIMUM   VALUES

MAXIMUM  RATINGS
Heater-Cathode Voltage

Plate voltage .......... 3oo Volts                                Heater positive with Respect to cathode. 50 Volts
Heater Negative with Respect to Cathode. 50 Volts

Grid Circuit ResistancePositive DC Grid-to-Cathode Voltage ...... 0 Volts
Negative DC Grid voltage ...... 50 Volts                                 With Fixed Bias ..... 0.025  Megohms
Plate Dissipation 5.5 Watts                               With  cathode Bias ...... 0.1  Megohms
DC cathode current ...... 30 Milliamperes            Envelope Temperature at Hottest point... 250 C

Absolute-Maximum  ratings  are  limiting  vcilues of operating all  other  electron  devices  in  the  equipment.
and   environmental   conditions    applicable    lo   any   electron The   equipment   monufoclurer   should   design   §o   that   ini-
tube  of  a  specified  type  os  defined   by  its  published   data tially   and   throughout   life   no   absolute-mclximum   value   for
and  should  not  be exceeded  under the  worst  probc]ble condi- the   intended   service   is   exceeded   with   any   tube   under   the
lions, worst  probc]ble  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltage   varicition,   equipment   component   variation,   equip-
acceptable  serviceability  of  the  tube,  making  no  allowanceforequipmentvariations,environmentcilvariations,clndtheeffectsofchangesinoperatingconditionsduetovclricitions ment   control   adiustment,   load   voriotion,   signal   variation,environmentcilconditions,andvaricltionsinthechoracteris-ticsofthetubeunderconsiderationandofallotherelectron

in  the  characteristics  of  the  tube  under  consideration  cind  of devices  in  the  equipment.

CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Plate Voltage . 200 Volts

Positive cirid voltage .......... 6.0 volts

Cathode-Bias Resistor. . .
Amplification Factor

. 270 Ohms

GENERAL ©

Plate Resistance,  approximate. . .
Transconductance .  .
Plate Current .  . .
Grid Voltage, approximate

lb = 100 Microamperes .  .
Noise FigureT[

ELECTHIC

Supersedes  7588  D  &  R  Sheet  ET-T1620,  dated  6-60

.  . 3900 Ohms

. 45000 Micromhos
.  .  . 24 Milliamperes

- 5 Volts
3.0 Decibels
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FOOTNOTES
*  The  equipment  designer  should  design  the  equipment  so  that  heater  voltage  is  centered  at  the  specified

bogey value, with heater supply variations restricted to maintain heater voltage within the specified tolerance.
t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Without external shield.
§  One method of mounting the  7588 is to use a stainless-steel  ``T" bolt  (see drawing) to attach the mounting

base of the tube to a chassis or circuit board. The "T" bolt should be inserted in the slot in the base of the
tube, turned 90 degrees, and attached to the chassis or circuit board with a 4-40 nut and lock washer. Torque
used to tighten the nut should not exceed 3 inch-pounds.

fl Measured  at  200  megacycles  in  a  grounded-grid  amplifier  and  corrected  for  second-stage  noise  figure  and
diode temperature.

The  tubes  and  arrangements  disclosed   herein  may  be  covered  by  patents  of        elements.   In   the   absence   of   an   express   written   agreement   to   the   contra.ry,

Seer::nraioEr':£'e']:afe°:i::re?rb;thGe:Sn.eTae,'tEhi:tttricecd;Smc;°as:;ec::vaeny::nnf;r,Tcae'i:::ue,n:fraa'n;'eucsterj:fc,::Pt:::sat;tuhmoe,Shenr°d'::?cj:::yo:°er,epma:::stjnyfr::;epmuer=Laasr::mogf
under   pcitent    claims    covering    combinations    of    tubes   with    other    devices    or         tubes  or  others.

INITIAL   CHARACTERISTICS   LIMITS

Min.       Bogey      Max.
Heater Current

Ef = 6.3 volts
Plate Current

Ef = 6.3 volts, Eb = 200 volts, Rk = 22 ohms .  .

370            400           430      Milliamperes

17              25              33      Milliamperes

Transconductance
Ef=6.3 volts, Eb=200 volts,  Ec= +6 volts,  Rk=270 ohms  (bypassedi) ...... 35000       45000       55000      Micromhos

Amplification Factor
Ef = 6.3 volts, Eb = 200 volts,  Ec = +6 volts,  Rk = 270 Ohms  (bypassed) .

Transconductance Change with Heater Voltage
Difference between transconductance at Ef = 6.3 volts and trans-
conductance  at  Ef=5.7  volts  (other  conditions  the  same)  ex-
pressed as a percentage of transconductance at Ef = 6.3 volts . . .

Grid Voltage Cutoff
Ef = 6.3 volts, Eb = 200 volts,  Ib = 100 pa

Noise Figure
Ef=6.3   volts,  Ebb=265  volts,  Ec=O  volts,   RL=3300  ohms,
(bypassed), Rk = 22 ohms, F = 200 ± 10 MC

Interelectrode Capacitances
Grid to Plate: (g to p)
Input: g to  (h+k) .  .
output: p to (h+k) . '. :
Heater to Cathode: (h t.o. i)

Negative Grid Current
Ef=6.3  volts,  Eb=200  volts,  Ecc= -1.0  volts,  Rk=22  ohms
(bypassed), Rg = 0.1 meg

Heater-Cathode Leakage Current
Ef = 6.3 volts, Ehk = 100 volts

Heater Positive with Respect to Cathode .
Heater Negative with Respect to Cathode

Interelectrode Leakage Resistance
Ef =6.3  volts.  Polarity  of  applied  d-c  interelectrode  voltage  is
such that no cathode emission results.

Grid to All at  100 volts d-c
Plate to All at 300 volts d-c .

Grid Emission Current
Ef = 7.0 volts, Eb = 200 volts, Eec = -15 volts, Rg = 0.1  meg

140               175               210

2 0      Percent

-5.0        -8.0     Volts

pf
pf
pf
pf

0.5    Microamperes

20      Microamperes
20      Microamperes

50                                .    Megohms
50....Megohms

2.0      Microamperes
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SPECIAL  PERFORMANCE  TESTS

Grid Recovery
Change in Average Plate Current
Peak Plate Current Backswing

Tubes with poor grid recovery affect circuit operation when
the grid is driven positive by a pulse of signal or noise, some-
what as if a parallel RC circuit were in series with the grid.
This effect may occur in tubes of any type but is unimpor-
tant in many applications. In the majority of 7588 tubes the
effect is negligible, but to eliminate the few in which it may
be excessive, tubes are tcsted under the following conditions:
Ef = 6.3 volts, Ebb = 250 volts, R|, = 0.01 meg. EC is adjusted
for Ib = 10 rna.

Upon  application to the  grid of a pulse driving it  3  volts
positive with respect to cathode  (prr = 60 pps,  duty cycle =
0.12%)  the  change  in  average  plate  current  is  noted,  and
the peak plate current backswing is measured. The following
diagram shows qualitatively the plate current-time relation-
ship for  a tube  (with  poor  grid recovery)  subjected to this
test :

Min.    Bogey   Max.

1.0     Milliamperes
2.0     Milliamperes

Low Frequency Vibrational Output
Statistical sample is subjected to vibration in each of two planes
at 40 cps, with peak acceleration 15G. Tube is operated with Ef =
6.3  volts,  Ebb=250  volts,  Rk=68  ohms  (bypassed),  R|,=2000

Variable Frequency Vibrational Output
Statistical sample is subjected to vibration according to the pro-
cedure given below. Tube is operated with Ef = 6.3 volts,  Ebb =
250 volts, Rk = 68 ohms  (bypassed), RL = 2000 ohms

T'M€

Min.    Bogey     Max.

25      Millivolts
RMS

7S      Millivolts
RMS

The variable-frequency vibration test shall be performed as follows :
I.   The frequency shall be increased from 100 to 2000 eps with approximately logarithmic progression in 3 ± 1

minutes. The return sweep  (2000 to  100 eps)  is not required.
2.   The tube shall be vibrated with simple harmonic motion in each of two planes: first, parallel to the cylin-

drical axis; second, perpendicular to the cylindrical axis and parallel to a line through the major axis of a
terminal  lug.  At  all  frequencies  from  100  to  2000  cps,  the total  harmonic  distortion  of the  acceleration
wave form shall be less than S%.

3.   The peak acceleration shall be maintained at  10 ± I.0 G throughout the test.
4.   The value of the alternating voltage produced across the load resistor  (RL),  as  a result Of the vibration,

shall  be measured with  a  suitable  device  having  a  response  to the  RMS  value  of the voltage to within
±0.5 db of the response at 400 eps for the frequency range of  loo to 3000 eps,  and having a band-pass
filter with an attenuation rate of 24 db per octave below the low frequency cutoff point of 50 eps and above
the high frequency cutoff point of 5000 cps. The meter shall have a dynamic response characteristic equiv-
alent to or faster than a VU meter (operated in accordance with ASA Standard No.  C16.5-1954).

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure of 8mm Hg, to simulate an altitude Of 100,000
feet.  Tubes shall  not  give visual  evidence of flashover  or  corona  when  300  volts  RMS,  60  cps,  is applied
between the plate and grid terminals.

DEGRADATION   RATE  TESTS
Fatigue

Statistical sample vibrated for a total  of six hours,  three hours in each of two planes, at a peak  acceleration of 10 G.
Frequency is continuously varied from  30  cps to  2000  eps  and back to 30  cps,  with  a period of ten minutes. Tubes are
operated  during the test  with Ef = 6.3  volts,  Eb = 250 volts,  and  Rk = 68 ohms.  Following the test, tubes are  evaluated
for low frequency vibrational output, heater-cathode leakage, heater current, and transconductance.
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DEGRADATION  RATE  TESTS  (CohTihued)

Shock
Statistical sample subjected to 5 impact accelerations of approximately 450 G in each of four positions. The accelerat-

ing forces are applied by the Navy-type, High  Impact  (flyweight)  Shock Machine using a 30° hammer angle.  Tubes are
mounted by  T-bolt with  3  inch-pounds torque,  and operated during the test with Ef = 6.3  volts,  Eb = 250  volts,  Ehk =
+100 volts,  Rg = 0.1  meg,  and Rk = 68 ohms.  Following the test, tubes are evaluated for low frequency vibrational out-
put, heater-cathode leakage, heater current, and transconductance.

Stability Life Test
The statistical  sample subjected to the  Intermittent Life Test is evaluated for percent  change in transconductance of

individual tubes, from the initial reading to readings following 2 hours and 20 hours of the life test.

Survival Rate Life Test
The statistical  sample subjected to the  Intermittent Life Test is evaluated for shorted and open  elements, and trans-

conductance, following approximately  100 hours of life test.

Intermittent Life Test
Statistical  sample  operated 1000  hours under the  following  conditions:  Ef = 6.3 volts, Eb = 200 volts, Ecc = +6 volts,

Ehk =  -70 volts, Rk = 270 ohms, Rg = 0.1  meg.  Heater voltage is cycled (on  1 % hours, off 34 hour). Tubes are evaluated,
following  500  and  1000  hours of life test,  for  shorted  or  open  elements,  heater  current,  transconductance,  negative  grid
current,  noise figure,  heater-cathode leakage,  and interelectrode leakage resistance.

Interface Life Test
Statistical  sample operated for  1000 hours with Ef = 6.6 volts,  no other voltages applied,  and evaluated for cathode

interface resistance following the life test.

Heater-Cycling Life Test
Statistical  sample operated for  2000 cycles minimum to evaluate and control  heater-cathode  defects.  Conditions of

test include Ef = 7.5 volts cycled for one minute on and one minute off, Eb =Ec = 0 volts, and Ehk = 70 volts with heater
positive  with  respect  to  cathode.  Following  this  test,  tubes  are  evaluated  for  open  heaters,  heater-cathode  shorts,  and
heater-cathode leakage current.

MOUNTING  BOLT PHYSICAL  DIMENSIONS
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The  7625  is  a  high-mu  triode  of  ceramic-and-metal  planar  construction
primarily intended for low-level  audio-frequency  amplification.

GENERAL

ELECTRICAL

Cathode-Coated Unipotential
Heater Characteristics and Ratings
Heater voltage, AC or DC* .... 6.3 ±0.3
Heater  currentt ...... 0.215
Direct Interelectrode .Capacit;ites I

Grid to Plate:  (g to p) .  .  .
Input:  g to  (h+k) .  .
Output:  p to  (h+k) .......  :  :  :
Heater to Cathode: (h to k)

ABSOLUTE-MAXIMUM   VALUES

DC Plate Voltage .  .
Peak Plate Voltage .  .

MECHANICAL

Mounting Position-Any

See Outline  Drawing  on  page  3  for  dimensions  and  elec-
trical  connections

MAXIMUM  RATINGS

...275      Volts

...400     Volts

Positive Peak and DC Grid Voltage ...... 0    Volts
Negative Peak and DC Grid Voltage .... 50    Volts
Plate Dissipation ..... 0.85    Watts
DC cathode current ...... 3.8    Milliamperes

Heater-Cathode Voltage
Heater Positive with Respect to

Cathode .  .  .
Heater Negative with Respect to

Cathode.  .  .
Grid Circuit Resistance, with Fixed

Bias ! .
Envelope Temperature at Hottest

Point fl .

...S0     Volts

...50     Volts

0.2     Megohms

250C

Absolute-Maximum  rcitings  ore  limiting values of operating all  other  electron  devices  in  the  equipment.
and    environmental    conditions    applicable    to    any    electron The   equipment   manufacturer   should    design   so   that    ini-
tube  of  a   specified   type  as  defined   by  its  published  data ticilly   and    throughout    life   no   absolute-mciximum   vcilue   for
and  should  not  be  exceeded  under the worst  probcible condi- the   intended   service   is   exceeded   with   ciny   tube   under   the
lions. worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equip-
acceptable  serviceability  of  the  tube,  making  no  allowance ment   control    cidiustment,   load   varicltion,   signal   variation,
for  equipment  variations,  environmental   variations,   and   the environmental   conditions,   and   vclriations   in   the   chcircicteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  considercition  and  of  all  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

CHARACTERISTICS  AND  TYPICAL  OPERATION
AVERAGE   CHARACTERISTICS
Plate Voltage ...-..
Cathode-Bias Resistor .  .
Amplification Factor ......

..150     Volts

.1000     Ohms

.-.. 80

Plate Resistance,  approximate ...... 57000    Ohms

Transconductance .  .
Plate Current .  .
Grid Voltage, approximate

Ib = 10 Microamperes,
Eb = 250 Volts.  .  .

FOOTNOTES
*  The  equipment  designer  should  design  the  equipment  so

that heater voltage is centered at the specified bogey value,
with heater supply variations restricted to maintain heater
voltage within the specified tolerance.

t  Heater current of a bogey tube at Ef = 6.3 volts.

I  Without external shield.

§  If resistance is  used  in  the  cathode  or  plate  circuits,  the
grid-circuit resistance may be high as (200,000 +500 RK +

...1400     Micromhos
...0.95     Milliamperes

.-4.6    Volts

10  RL)  ohms,  where RK  is the  cathode-bias  resistance  in
ohms, and RL is the DC plate load resistance in ohms.

fl Operation below the rated maximum envelope temperature
is   recommended   for   applications   requiring   the   longest
possible tube life.  The  7625 is also capable of operation at
envelope temperatures much higher than the rated  maxi-
mum   values.   For   specific   recommendations   concerning
higher    temperature    operation,    contact    your    General
Electric tube sales representative.

GENEnAL ©  ELECTRIC
Supersedes  ET-T1592  dclled  I-60
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SPECIAL   PERFORMANCE  TESTS

Maximum
Variable-Frequency vibration ...... 15     Millivolts

Ef=6.3  volts,  Ebb= 150  volts,  Ec=O         peak to peak
volts d-c, Rk = 1000 ohms  (bypassed),
RL = 10000 ohms; Note  1

Low-Frequency vibration ...... 0.75     Millivolts  RMS
Ef = 6.3  volts,  Ebb = 150  volts,  Ec = 0
volts d-c, Rk = 1000 ohms (bypassed),
RL=10000  ohms,  G=15,  F=40  eps;
Note 2

Low Pressure Voltage Breakdown Test
Statistical   sample   tested   for   voltage   breakdown   at   a
pressure of 8mm Hg, to simulate an altitude of 100,000 feet.
Tubes shall not give visual evidence of flashover or corona
when 300 volts RMS,  60 cps, is applied between the plate
and grid terminals.

Note  1 :   The variable-frequency vibration test shall be performed as follows :
a.   The frequency shall  be increased from  100 to  2000  eps  with  approximately logarithmic progression  in

3 ± 1 minutes.  The return sweep  (2000 to  100 eps)  is not required.
b.   The tube  shall  be vibrated  with  simple  harmonic motion  in  each  of two  planes;  first,  parallel  to the

cylindrical  axis; second,  perpendicular to the  cylindrical  axis  and parallel  to  a line through the major
axis of a terminal lug.

c.   The peak acceleration shall be maintained at  10 ± 1 G throughout the test.
d.   The vibrational  output produced across RL  as a result of the vibration shall  be  coupled to  a  low-pass

filter that has the following characteristics :
(1)    A response within  ± 1 db of the response at  1000 eps over the frequency range of 100 to  17000 eps.
(2)    The response shall be down at least  1.5 db at 20000 cps and have a cut-off rate of at least  18 db per

octave above 20000 cps.
Note  2 :   The tube shall be vibrated with harmonic motion in each of two planes,  (1)  parallel to the cylindrical  axis

and (2) perpendicular to the cyclindrical axis and perpendicular to a line through the major axis of a terminal
lug.

DEGRADATION  RATE  TESTS
Fatigue

Statistical sample vibrated for a total of six hours, three hours in each of two planes, at a peak acceleration of
10 G. F`requency is continuously varied from 30 cps to 2000 eps and back to 30 cps, with a period of ten minutes.
Tubes are operated during the test with Ef = 6.3 volts,  Eb = 150 volts,  and Rk = 82  ohms.  Following the test,
tubes are evaluated for low frequency vibrational output, heater-cathode leakage, transconductance, and negative
grid current.

Shock
Statistical  sample subjected to  5  impact  accelerations of approximately 450 G  in  each  of four  positions.  The
accelerating forces are applied by the Navy-type, High Impact (flyweight) Shock Machine using a 30° hammer
angle. Tubes are operated during the test with Ef = 6.3 volts, Eb = 150 volts,  Ehk = + 100 volts,  Rg = 0.1  Meg,
and Rk = 82 ohms. Following the test, tubes are evaluated for low frequency vibrational output, heater-cathode
leakage, transconductance, and negative grid current.

Stability Life Test
The statistical sample subjected to the Intermittent Life Test is evaluated for percent change in transconductance
of individual tubes, from the initial readings to readings following 2 hours and 20 hours of the life test.

Survival Rate Life Test
The statistical sample subjected to the Intermittent Life Test is evaluated for shorted and open elements and
transconductance following approximately 100 hours of life test.

Intermittent Life Test
Statistical sample operated for 1000 hours under the following conditions : Ef = 6.3 volts (cycled-on  1 % hours,
off % hour), Ebb =300 volts, Ehk = +70 volts d-c,  Rk =82 ohms,  RL = 18000  ohms,  and  Rg =0.1  meg.  Tubes
are evaluated, following 500 and 1000 hours of life test, for shorted or open elements, heater current, grid current,
transconductance, heater-cathode leakage, and interelectrode leakage resistance.
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DEGRADATION  RATE  TESTS  (Continued)
Interface Life Test

Statistical  sample  operated  for  1000  hours  with  Ef =6.6  volts,  no  other
voltages applied,  and evaluated for cathode interface resistance following
the life test.

Heater-Cycling Life Test
Statistical sample operated for 2000 cycles minimum to evaluate and col
trol   heater-cathode   defects.   Conditions   of  test   include   Ef=7.0  volts
cycled for one minute on and one minute off, Eb =Ec = 0 volts, and Ehk =
70 volts with heater positive with respect to cathode. Following this test,
tubes  are  evaluated for  open  heaters,  heater-cathode shorts,  and heater-
cathode  leakage  current.

Note:  The conditions for some of the indicated tests have deliberately been
selected to  aggravate tube failures for test  and evaluation purposes.
In no sense should these conditions be interpreted as suitable circuit
operating conditions.

Maximum   eccentricity   of   insulators   0.010   in.   from
center  line.

The  lubes  c]nd  arrangemenls  disclosed   herein  may  be  covered  by  patents  of        elements.   In   the   absence   of   an   express   writlen   agreemenr   to   the   conrrory,

S.er::n'a:oEri€ :r i:afo°:? ::Je: rb; thG°:;.erai i tEh,:: t:?ce cd:Smc;°as:;ec::vaeny: :nnf; r,Tcae'i::      :uetnoefraa'n ;' ::terj: fc,:: P,:::s °wS;,uhmoetsh enr° d'::?c:::yo:a.r, epm°::T§' jnyfr::gyepmuer:iaasr:;: :gf
under   palenl   claims   coveiing    combinations   of   tubes   wilh   other   devices   or        tubes  or  others.
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AVERAGE  TRANSFER  CHARACTERISTICS
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PLANAR   TRIODE

DESCRIPTION   AND   RATING
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FOR GROUNDED-GRID CLASS A UHF AMPLIFIER APPLICATIONS
Metal and ceramic                                                                  Small size
Low Noise                                                                   Conduction cooled

The 7644 is a high-mu, metal-and-ceramic triode intended for operation as
a grounded-grid, Class A, radio-frequency amplifier at frequencies as high as
3000 megacycles.

Features of the tube included small size, planar electrode construction with
close  spacing,  inherent  rigidity,  and  an  envelope  structure  convenient  for
coaxial circuit applications.

Within  the  limitations  of  its  ratings,  the   7644  may  be  used  in  radar
receivers, or similar applications, where the grid of the tube may be driven
positive by leakage pulses.  The physical  appearance and dimensions of the
7644 are identical to those of the 6299, and the electrical characteristics are
nearly identical.

GENERAL

ELECTRICAL

Cathode-Coated Unipotential
Heater Characteristics and Ratings
Heater voltage, AC or DC* .... 6.3±0.13    Volts

B:rafr|::::inet±rod; capac;tancest  . .  0.3   Amperes
Gridtoplate:  (gtop) ...... I.75     pf
Grid to Cathode and Heater: g to

3.65     pf
Plate to Cathode and Heater: p to

ABSOLUTE"AXIMUM  VALUES
Plate Voltage .  .
Negative DC Grid Voltage. . .
Plate Dissipation
DC Plate Current

MECHANICAL

Mounting Position-Any
Net weight, approximate ...... 1/6    Ounce
Cooling-Conduction§

MAXIMUM  RATINGS
Leakage Pulse

.200    Volts                                  Duty cycle.

..15    Volts                                   Pulse width
.  .  -0.0011

...15     Microseconds
2.0    Watts                                 Peak RF Grid voltagefl ...... 7.0    Volts
12    Milliamperes               Envelope Temperature at Hottest point.150    C

Absolute-Maximum ratings ore limiting values of operating       clll  other electron  devices  in  the  equipment.andenvironmentalconditionsapplicabletoanyelectronTheequipmentmanufacturershoulddesign   so   that   ini-tubeofaspecifiedtypeasdefinedbyitspublisheddatatiallyandthroughoutlifenoabsolute-maximumvalueforandshouldnotbeexceededundertheworstprobablecondi-theintendedserviceisexceededwithcinytubeunderthelions.worstprobableoperatingconditionswithrespecttosupply-

The   tube   manufacturer   chooses   these   values   To   provide voltage   variation,   equipment   component   variation,   equlp-
clcceptable  serviceability  of  the  tube,  making  no  allowanceforequipmentvariations,environmentalvc]riotions,andtheeffectsofchcingesinoperatingconditionsduetovariations ment   control   odiustment,   locid   variation,   signcil   vclriotion,environmentalconditions,andvcirialionsinthecharocteris-ticsofthetubeunderconsiderationandofallotherelectron

in  The  characteristics  of  the  tube  under  consideration  and  of devices  in  lhe  equipment.

;:.:::::nra':u:E,i::i,:rT::a.i:ei;a,nc,.:?,i:b;;,d:G:i;::Si::,.,t!h,::::o,,;item:gu::in::so:sn:,::;;r;e:;:y?:ji:;vt::::::::::,     #::efrn:|j:!l,;c:,;,:; ff:ieptn:c:e: soo:s:,:h:oe:hxenpror:,::yf:'!''oe:noeieg-:::I:.;nn;,r!;;::in.u.I:fana:,::ri'n:I:

GENERAL ©  ELECTRIC
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AVERAGE   CHARACTERISTICS

Plate Voltage .  .

CHARACTERISTICS  AND  TYPICAL  OPERATION

..175     Volts
Grid Voltage # .  .
Amplification Factor ...... 110

Volts

Plate Resistance,  approximate ...... 7300    Ohms

Transconductance .  .
Plate Current .  .  .
Plate Voltage, approximate

..15000     Micromhos
...10     Milliampcres

Ib=10  Milliamperes,  Ec=0  volts .... 125     Volts

CLASS  Ai   RF   AMPLIFIERutROuNDED€RID,   COAXIAL-TYPE  CIRCUIT

Frequency .  . .
Plate-Supply Volt-

a8eA .  .
Resistor in  Plate  Cir-

cuit  (bypassed)

450        1200       3000     Megacycles

300         300         300    Volts

.17500      17500      17500     Ohms
Grid Voltage** .
Plate Current .  . .
Bandwidth,  min.  .  .
Gain .  .  .
Noise  Figure,  Power-

Matched .  .

0              0              0    Volts
10            10            10     Milliamperes
10             10             10     Megacycles

17.5              17              11      Decibels

4.5            8.2          13.2     Decibels

*  The  equipment  designer  should  design  the  equipment  so
that heater voltage is centered at the specified bogey value,
with heater supply variations restricted to maintain heater
voltage within the specified tolerance.

Heater Current
Ef = 6.3 volts

t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Without external shield.
§  Good thermal  contact to the  anode  and  cathode  must  be

provided  to  conduct  heat  from  the  elements.  The  anode
contact must be sufficiently flexible to keep lateral force on
the anode at a minimum.

tl  The  7644 is rated only for Class A amplifier service.
# Adjusted for  Ib = 10 milliamperes.
ASupply should be regulated.
**For operation above  1000 megacycles,  the minimum  noise

figure will generally be obtained by operation at zero bias.
For operation below  1000 megacycles, the use of a cathode
resistor or grid bias should be evaluated for the particular
application.

lNIT.AL   CHARACTERISTICS   LIMITS

Min.          Bogey         Max.

280              300              320     Milliamperes

Plate Voltage
Ef=6.3  volts,  Ec=O  volts,  Eb adjusted for  lb=10  rna...                    75               125               175     Volts

Transconductance
Ef=6.3 volts,  Eb=175  volts,  Ec  adjusted for.Ib=10 rna ....      11500          15000          20000     Micromhos

Amplification Factor
Ef=6.3  volts,  Eb = 175  volts, Ecadjusted for  Ib=10 rna..                   85              110              140

Interelectrode Leakage Resistance
Ef = 6.3 volts, Polarity of applied d-c interelectrode voltage is
such that no cathode emission results

Grid to Cathode and Heater at 45  volts d-c .  .
Grid to Plate at  500 volts d-c. . .

Interelectrode Capacitances
Grid to Plate:  (g to p) .  .
Grid to Cathode and Hea.t:i: g td .(i.+k) .  .

2.5                                          .      Megohms
25                                         .     Megohms

1.5              1.75                2.0     Picofarads
3.0             3.65                5.0     Picofarads

Plate to cathode and Heater: p to  (h+k)..                                                            0.015          0.025    Picofarads



SPECIAL  PERFORMANCE  TESTS

Noise Figure-450 MC
Ef = 6.3 volts, Bc = 0 volts, Eb adjusted for Ib = 10 rna, F = 450 ± 5 MC . .

Noise Figure-1200 MC
Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for Ib = 10 rna, F = 1200 ± S MC .

Power Gain-450 MC
Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for Ib = 10 rna, F = 450 ± 5 MC,
Bandwidth = 9 MC min. .

Power Gain-1200 MC
Ef = 6.3 volts, Ec =0 volts, Eb adjusted for lb = 10 rna, F = 1200 ± 5 MC,
Bandwidth = 10 MC min. .

Mid.             Max.

5.0    Decibels

8.5    Decibels

15                     .      Decibels

15                     .      Decibels

7644
ET-T1593A

Page  3
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DEGRADATION   RATE  TESTS

looo-Hour Life
Statistical sample operated for 1000 hours to evaluate changes in transconductance and noise figure with life.
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|T
025" MAX. f3ADlus

272`'MAX

-I_~o-66±.MA
.107

±0'5

col .. ± .oo3" DiA.

~~PLATE   TEBMINAL      INOTE    lt

385"WAX.    DIA.

-440"±005"   DIA

•---.     490"±007"   DIA

.o,o"i 002"

330..±  004"DIA

.o55'±   .o'5.

I        . _-        ._.._ _____I-_._  __-I

--i

DIMENSIONAL  TOLERANCES

=§  ,4d.+I

•!oco,:?`i              =£-§    ={=§

a +I •.
Q

§     ::8                       +I-=!,-=gi-------I --q-

:-J
L332

9' I

I_.I
3i 4

I 5„
2., 32

2! 19

64 32

Ff`ACTloNAL     TOLERANCES

+   OR    LESS±  008'.   OVER  +.  I  015.'

iiEI
~-~-~-        `,>    GRID    TERMINAL(lIOTE   2)

~'~ .008" MAX. FiADIUS
;-/-~          8EFERENCE    PLANE

.385'.MAX   DIA

---I--I -.---    CATHODE    AND   HEATER    TERMINAL
'   (NOTE   3)

----   GETTEfi      TEfiMINAL

(DO     NOT    USE    FOB    ANY    DC
Ofi     RF    CONNECTION-NOTE  4)

HEATE8      TEPMINAL     (NOTE   5)

062"I .003"  DIA

NOTES:
1.   Maximum eccentricity 0.007"  (runout 0.014")
2.   Maximum eccentricity 0.008"  (runout 0.016")
3.   Maximum eccentricity 0.010"  (runout 0.020")
4.   Maximum eccentricity 0.015"  (runout 0.030")
5.   Maximum eccentricity 0.010"  (runout 0.020")

Eccentricities   measured   with   respect   to   center   line
through gage. Tube shall be rotated 360° in gage without
binding.
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© ELifeREurffITENusAV«ceas 772/fJ
METAL-CERAMIC  TRIODE

DESCRIPTION   AND   RATING
The  7720  is  a  high-mu  triode  of  ceramic-and-metal  planar construction

primarily intended for use as an oscillator in the ultra-high-frequency range.

GENERAL

MAXIJV`UJV`   RATINGS

ABSOLUTE   MAXIMUM   VALUES
Plate Voltage. . .
Positive DC Grid Voltage ....

.250     Volts

...0     Volts
Negative DC  Grid voltage ..... 50    Volts
PeakNegativeGridvoltage .......... 50    Volts
Plate Dissipation
DC Grid Curent

1.0    Watt
2.2     Milliamperes

DC cathode current ..... 11    Milliamperes
Peak cathode current ....... 40    Milliamperes

Heater-Cathode Voltage
Heater Positive with Respect to
Cathode ...... 50     Volts

Heater Negative with Respect to
Cathode 50    Volts

Grid-Circuit Resistance .......... 10,000     Ohms
Bulb Temperature at Hottest Point**. . .250    C

Absolute-Maximum ratings are limiting values of operating all  other electron devices  in  the  equipment.
and   environmental   conditions   applicable   lo   any   electron The   equipment   manufacturer   should   design   so   that   ini-
tube  of  a  specified  type  as  defined   by  its  published  data ticilly   and   throughout   life   no   absolute-maximum   value   for
and  should not be exceeded  under the worst probable condi- the  intended   service  is  exceeded   with  any  tube  under  The
lions. worst  probable  operating  conditions  with  respect  to  supply-

The   tube   monufaclurer  chooses   lhese   values   to   provide voltage   variation,   equipment   component   variolion,   equip-
acceptable  serviceability  of  the  tube,  making  no  allowance ment   control   odiustment,   load   variation,   signal   variation,
for  equipment  voriation§,  environmental  variations,  and  the environmental  conditions,  and  variations  in  the  chorocteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under consideration  and  of  all  other electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  lhe  equipment.

?£T:::;la';u:b:,:e:Sn:,!r:::aa€:®:;a?nc:a::g:®,;i:S;t:hiii:S§::::!h;:S':a,;i,cem::::.in:!o:Sic!°::c:r:e¥:a?b;yin]:::r;#::a;:!j     ii,:o:°fr:a!;Sn.;:;:!r:.:f €;;e?:a:n°eys°;S.S,::o®,:h:::de!I;,t¥sl`;I:frno::f::.:n?Scfnn;Ir::ngyt®hpmeuo,:iana::;:,ir?i
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CHARACTERISTICS  AND  TYPICAL  OPERATION
AVERAGE   CHARACTERISTICS
Plate voltage..                                    100         1S0    Volts
Grid voltage ......        0       -Volts
Cathode-Bias Resistor ......-          82    Ohms
Amplification Factor ...-         90
Transconductance ....  11,500    10,500     Micromhos
Platecurrent ..............         9.0           7.5     Milliamperes

UHF   OSCILLATOR   SERVICE
Plate Voltage .
Grid Resistor .
Plate Current .  .  .
Frequency
Grid Current
Power Output, approximate. .

..150     Volts
7000    Ohms

4.0    Milliamperes
450    Megacycles
0.5    Milliamperes

..100     Milliwatt§

FOOTNOTES
*  The equipment designer should design the equipment so that heater voltage is centered at the specified bogey

value, witb heater supply variations restricted to maintain heater voltage within the specified tolerance.
t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Without external shield.
**For applications where long life is a primary consideration, it is recommended that the envelope temperature

be maintained below  175 C.

OUTLINE  DRAWING

NOTE:    Maximum eccentricity of
insulators  0.010  in.
from center line.
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AVERAGE   PLATE  CHARACTERISTICS
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AVERAGE  TRANSFER  CHARACTERISTICS
=

`
I. II. I I I I II. I

Ef --6.3   VOLTS
i I.. I I I I.... I I I.. I I I I I I I.. . I I I I 4) I I .II I I•.•. II I I II... I I I II .

.. 111I...I. I
I I

. I I I I I I I I I
I.I. I I I I.. I I I I I II I I
I. \

I II I I I-. I-.I. I I I I I.. I I I I II I . I I

...
I 0

.
1111

-5

K-5561  I-TD73-3

+7

+6

+5

+4

+3

+2

+1

0

-4                                 -3                                -2                                -1
GRID    VOLTAGE     IN     VOLTS

AVERAGE  CONSTANT-CURRENT  CHARACTERISTICS
JUNE     3,       1959

.I 11.I 11I 11 .. I I I I I I II I I I I I I I I I I

.I
W

'p
ES

Ef    =    6.3    VOLTS
I . 11

W

'' 'LL
A I .

I . I 2I
I

.I.I 11I I .I I I 11 I . .I.II I•1 11. -I I. 11 I I I I I
1'1, I I- 11 11 I I I I II I I I I I I

. . I I I.I.. I I I I I I I I.. A/ {I I I I I I II I • I I I I I I II I • I I I I I I II I 11 I . I II . I . I I . I I11 I II,I .. I I I I I I I I I
a 5. a I I

I

5 .. 3:a I,.. . z .  a I  '' I
I .. ?a ''.a I

I I I I . I I I I ... . . I I.11.. 11 I
I I I- I . I I I I I I.. .... I .1 . I I I I I I I I.. 11.. 11 I I I I I I I II I .I. . I. I I . I I '0 I I I I I•. I. . I I I I I I

. I / a. .I - . 11 I . I I I I I I I II.. I... .I I I I I I I I I I I I I.. I 11 I I I I I . I

I.I

050 loo                                     150
PLATE    VOLTAGE     IN    VOLTS

CONSTANT-Cufif}ENT   CUBVES

GENR[CE`VAN:T©DE:ALRTEM:NiRio
Owehsboro,  Kentucky

200                                        250

JUNE    3,      1959



© EEEerffit®AV«®S 77 tJR,

METAL-CERAMIC  TRI0DE

DESCRIPTloN   AND   RATING
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FOR   BROADBAND   RADIO-FREQUENCY  AMPLIFIER
APPLICATIONS

The  7768  is  a  high-mu  triode  of  ceramic-and-me`tal  planar  construction
primarily  intended  for  use  as  a  broadband  radio-frequency  amplifier.  The
7768 is especially suited for use where unfavorable conditions of mechanical
shock, mechanical vibration, and nuclear radiation are encountered.

GENERAL

ABSOLUTE-MAXIMUM   VALUES
Plate Voltage .  .
Positive DC Grid Voltage .
Negative DC Grid Voltage .  .
Plate Dissipation .  .
DC Cathode Current .  .
Heater-Cathode Voltage

JVLAXIJVLUM   RATINGS

Heater Positive with Respect to
...330     Volts

...0     Volts

...50     Volts

...5.5     Watts

...30     Milliamperes

Cathode 50    Volts
Heater Negative with Respect to
Cathode ...... 50     Volts

Grid Circuit Resistance
With Cathode Bias. . .

Envelope Temperature at Hottest
Point§

...0.01     Megohms

250C

Absolute-Maximum  ratings are  limiting  vcilues of operciting all  other  electron  devices  in  the  equipment.
and    environmental    conditions    applicable    to   any    electron The   equipment   manufacturer   should   design   so   that   ini-
tube  of   ci   specified   type   cis   defined   by   its  published  dcita tially   and   throughout   life   no   absolute-mc]ximum   value   for
and  should  not  be  exceeded  under  the worst  probable condi- the   intended   service   is   exceeded   with   any   tube  under  the
lions, worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equip-
acceptable  serviceclbility  of  the  tube,  making  no  allowance ment   control   adiustment,   load   variation,   signal   varicltion,
for  equipment  variations,  environmental   variations,  and   the environmental  conditions,  and   variations   in   the  choracteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  and  of  all  other  electron
in  the  characteristics  of  the  tube  under  considercition  and  of devices  in  the  equipment.

GENERAL ELEOTRlo
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CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Plate Voltage .  .
Grid Voltage .  .
Cathode-Bias  Resistor .  .
Amplification Factor .  .
Plate Resistance,  approximate .  .

... 200     Volts              Transconductance.
+6.0    Volts            Plate current

270    Ohms            Grid voltage,  approximate
.225

4500     Ohms
Ib = 100 Microamperes .

FOOTNOTES
*  The  equipment  designer  should  design  the  equipment  so

that heater voltage is centered at the specified bogey value,
with heater supply variations restricted to maintain heater
voltage within the specified tolerance.

t  Heater current of a bogey tube at Ef = 6.3 volts.

.S0000     Micromhos
24     Milliamperes

-3    Volts

I  Without external shield.
§  Operation below the rated maximum envelope temperature

is   recommended   for   applications   requiring   the   longest
possible tube life.

lN.TIAL   CHARACTERISTICS   LIMITS

Min.                Bogey               Max.

Heater Current
Ef = 6.3  volts .  .

Plate Current
Ef = 6.3 volts,  Eb =200 volts,  Rk = 22  ohms  (bypassed) . .

370                   400                   430     Milliamperes

14                      22                      30     Milliamperes

Transconductance
Ef = 6.3  volts,  Eb = 200 volts,  Rk = 22  ohms  (bypassed) ....     40000

Amplification Factor
Ef = 6.3 volts,  Eb = 200 volts,  Rk = 22 ohms  (bypassed) . . .

Grid Voltage  Cutoff
Ef =6.3  volts,  Eb = 200 volts,  Ib = 100  #a .  .

Noise Figure
Ef = 6.3 volts, Ebb = 280 volts, RL = 3300 ohms,  Rk = 22 ohms
(bypassed),  F` = 200 MC ± 10 mc .  .  .

Interelectrode Capacitances
Grid to Plate:  (g to p)    .
Input : g to  (h +k) .
Output: p to  (h +k) .  .
Heater to Cathode:  (h i; k) .  .

50000              60000     Micromhos

170                       225                        280

-3.0               -5.0    Volts

3.0                     4.8     Decibels

1.3                            1.7                           2.1       pf

4.5                       6.0                       7.5     pf
0.01                  0.018                  0.026     pf

1.5                        2.4                        3.3      pf

Negative Grid Current
Ef = 6.3 volts, Eb = 200 volts, Ecc =  -1.0 volts, Rk = 22 ohms
(bypassed),  Rg =0.1  meg 0.5     Microamperes

Heater-Cathode Leakage Current
Ef = 6.3 volts,  Ehk = 100 volts

Heater Positive with Respect to  Cathode .  .  .
Heater Negative with Respect to Cathode .  .

Interelectrode Leakage Resistance
Ef = 6.3 volts. Polarity of applied d-c interelectrode voltage is
such that no cathode emission results.

Grid to All  at  100  volts d-c .  .
Plate to All  at  300  volts  d-c.  .  .

50
50

Grid Emission Current
Ef = 7.0 volts, Eb = 200 volts, Eec =  -15 volts, Rg = 0. I meg.

20     Microamperes
20     Microamperes

I      Megohms
.     Megohms

2.0     Microamperes



77 uR'
Page  3

'0-62

SPECIAL  PERFORMANCE  TESTS

Min.               Bogey              Max.

Grid Recovery
Change in Average Plate Current
Peak Plate Current Backswing .  . .

Tubes with poor  grid recovery affect circuit  operation when the
grid is driven positive by a pulse of signal or noise, somewhat as if a
parallel RC  circuit were in series with the grid.  This effect may
occur in tubes of any type, but is unimportant in many applica-
tions. In the majority of 7768 tubes the effect is negligible, but to
eliminate the few in which it may be excessive,  tubes  are tested
under  the  following  conditions:  Ef=6.3  volts,  Ebb = 250  volts,
RL = 0.01  meg. Ec is adjusted for Ib = 10 rna.

Upon application to the grid of a 3 volt positive pulse (prr = 60
pps,  duty factor =0.0012)  the change in  average  plate current  is
noted,  and  the  peak  plate  current  backswing  is  measured.  The
following diagram shows qualitatively the plate current -time rela-
tion.ship for a tube (with poor grid recovery) subjected to this test.

Low Frequency Vibrational Output . . .
Statistical  sample  is  subjected  to  vibration  in  each  of two
planes  at  40  cps, with  peak acceleration  15G.  Tube is oper-
ated with Ef = 6.3 volts,  Ebb = 250 volts, Rk = 68 ohms (by-
passed), R[, = 2000 ohms

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure
of 8mm Hg, to simulate an altitude of 100,000 feet. Tubes shall
not give visual evidence of flashover or corona when 300 volts
RMS, 60 cps, is applied between the plate and grid terminals.

OuTLINE   DRAWING

I.0    Milliamperes
2.0     Milliamperes

50    Millivolts  RMS

PLATE   CURRENT   VS.   TIME
utRID   RECOVERY  TEST
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DEGRADATION
Fatigue

Stati.stical  sample  vibrated  for  a  total  of six  hours,  three
hours in each of two planes, at a peak acceleration of 10G.
Frequency is  continuously varied from 30  cps to  2000  eps
and back to 30 cps, with a period of ten minutes. Tubes are
operated during the test with Ef = 6.3 volts, Eb = 250 volts,
and Rk = 68 ohms.  Following the test, tubes are evaluated
for   low    frequency    vibrational    output,    heater-cathode
leakage,  heater  current,  and  transconductance.

Shock
Statistical  sample  subjected  to  5  impact  accelerations  of
approximately 450G in each of four positions.  The acceler-
ating  forces  are  applied  by  the  Navy-type,  High  Impact
(flyweight)   Shock   Machine   using  a   30°   ha,mmer   angle.
Tubes  are  operate,I  during  the  test  with  Ef=6.3  volts,
Eb=250   volts,   Ehk=+100   volts,   and   Rk=68   ohms.
Following the  test,  tubes  are  evaluated for  low frequency
vibrational output, heater-cathode leakage, heater current,
and transconductance.

Stability Life Test
The  statistical  sample  subjected  to  the  Intermittent  Life
Test  is  evaluated  for  percent  change  in  zero-bias  trams-
conductance of individual tubes, from the initial reading to
readings following 2  hours and  20 hours of the life test.

Survival  Rate Life Test
The  statistical  sample  subjected  to  the  Intermittent  Life
Test is evaluated for shorted and open elements and trans-
conductance following approximately  100 hours of life test.

RATE   TESTS

Intermittent Life Test
Statistical sample operated for 1000 hours under the follow-
ing  conditions:  Ef±6.3  volts  (cycled-on  1%  hours,  off
% hour), Eb = 200 volts,  Ecc = + 7 volts,  Ehk =  -70 volts
d-c,  Rk=270  ohms,  and  Rg=0.0l  meg.  Tubes  are  evalu-
ated,  following 500 and  1000 hours of life test,  for  shorted
or   open   elements,   heater   current,   grid   current,   trams-
conductance,   noise   figure,   heater-cathode   leakage,   and
interelectrode leakage resistance.

Interface Life Test
Statistical  sample  operated  for  1000  hours  with  Ef=6.6
volts, no other voltages applied, and evaluated for cathode
interface resistance following the life test.

Heater-Cycling Life Test
Statistical  sample  operated  for  2000  cycles  minimum  to
evaluate and control heater-cathode defects.  Conditions of
test include Ef = 7.5 volts cycled for one minute on and one
minute  off,   Eb=Ec=O   volts,   and  Ehk=70   volts   with
heater positive with respect to cathode. Following this test,
tubes are evaluated for open heaters, heater-cathode shorts,
and heater-cathode leakage current.

Note:  The  conditions  for  some  of the  indicated  tests  have
deliberately  been  selected  to  aggravate  tube  failures
for  test  and  evaluation  purposes.  In  no  sense  should
these   conditions   be   interpreted   as   suitable   circuit
operating conditions.
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FOR GROUNDED-GRID CI,ASS A UHF AMPLIF`IER APPLICATIONS
Metal and ceramic                                                                        Small size
Low Noise                                                                       Conduction cooled

The 7784 is a high-mu, metal-and-ceramic triode intended for operation as
a grounded-grid,  Class A,  radio-frequency amplifier at frequencies as high as
3000  megacycles.

F`eaturcs of the tube include small size,  planar electrode construction with
close  spacing,  inherent  rigidity,  and  an  envelope  structure  convenient  for
coaxial circuit applications.

At 1200 megacycles a noise figure of less than 8.5 decibels may be obtained
when the  7784 is used in a grounded-grid coaxial circuit.

The  7784 differs from the 6299 only in having an isolated heater.

GENERAL

ELECTRICAL

Cathode    Coated unipotential
Heater Characteristics and Ratings
Heater voltage,  AC  or  DC* .... 6.3±0.3     Volts
Heater Currentt . . .
Direct Interelectrode Capacitances I

Grid to Plate:  (g to p) .  .  .
Grid to Cathode and Heater:

g to  (h +k) .  .  .
Plate to Cathode and Heater:

p to  (h+k)   .  .

ABSOLUTE-MAXIMUM   VALUES

Plate voltage   .
Positive DC Grid Voltage .
Negative DC Grid Voltage .  .
Plate Dissipation .  .
DC Plate Current .  .
DC Grid Current//. .

...0.3     Amperes

I.1.75       pf

I    3.65      pf

•0.015      pf

MECHANICAL

Mounting Position-Any
Net Weight.  .  .
Cooling-Conduction§

JVLAXIJVLUM   RATINGS

200     Volts
..0     Volts
.15     Volts
2.0     Watts
12     Milliamperes

011      Milliamperes

Heater-Cathode Voltage
Heater Positive with Respect to

Cathode .  .  .
Heater Negative with Respect to

Cathode.  .  .

1/6    Ounce

50     Volts

50     Volts
Envelope Temperature at Hottest point.150    C

Absolute-Maximum  rcitings  are  limiting  vcilues  of operating all  other  electron  devices  in  the  equipment.
and    environmental    conditions    applicable    to    any    electron The   equipment   manufacturer   should   design   so   that   ini-
tube  of  a   specified   type  as  defined   by   its  published  dcila tially   and   throughout   life   no   cibsolute-mciximum   value   for
and  should  not  be  exceeded  under  the  worst  probable  condi- the   intended   service   is   exceeded   with   ciny   tube   under   the
lions. worst  probable  operating  conditions  with  respecl  to  supply-

The   tube   mcinufacturer   chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equip-
acceptclble   serviceabilily  of  the   tube,  mciking   no  allowc]nce ment   control    adiustment,    load    voricition,   signcil   voriotion,
for  equipment  vciriations,  environmental   variations,   and   the environmental   conditions,   and   varicitions   in   the   characteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  and  of  all  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

?:e:':::;ra';u:b:,i.:si,:rT::a.i::;apn.?.::g:a,ii;s,I:h;:;:;:s.i::,,,!h;:.r:et;I,cemf:a:s-:!o:s;c,::::r;e::e:yb:y:n]:!':;in:a;i:::f     i|j,:a:e,r;I;sn;:;:;I::, c::eie,:a:neoysoa:s,:;:oetei:n::dei;,:i:s`'toefrno::f::e:n,se:nn;f,::ngy:hpmeu.I:::a:,:,i,n:a;
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AVERAGE   CHARACTERISTICS

Plate Voltage .  .
Grid Voltage # .  .
Amplification Factor .  . .
Plate Resistance, approximate

CHARACTERISTICS   AND   TYPICAL   OPERATION

...17S      Volts
.     Volts

.  .  .Ilo

...7300     Ohms

CIASS   Ai   RF   AMPLIFIER

CROuNDED€RID,   COAXIAL-TYPE   CIRCUIT

Frequency .  .
Plate Voltage .  .  .
Plate-Supply Voltage** .
Resistor in Plate Circuit (bypas;ed) .
Grid Voltagett .  .
Plate Current
Bandwidth, min.
Gain .

Transconductance .  .
Plate  Current .......

.15000     Micromhos
...10     Milliamperes

Plate Voltage, approximate
lb=10  Milliamperes,  Ec=O  Volts. , .125    Volts

450              1200

300
17500

00
1010

910
17.5                       17

Noise Figure,  Power Matched..                                       4.5

*  The  equipment  designer  should  design  the  equipment  so
that heater voltage is centered at the specified bogey value,
with heater supply variations restricted to maintain heater
voltage within the specified tolerance.

t  Heater current of a bogey tube at Ef =6.3 volts.
I  Without external shield.
§  The  electrical  connections  to  the  plate  and  cathode  must

provide  good  thermal  conductivity  from these  electrodes.
The plate contact must be sufficiently flexible to keep the
lateral force on the plate terminal at a minimum.

//The 7784 is rated only for Class A amplifier service.
fl Does not apply to initial-emission-velocity current.

Heater Current
Ef = 6.3  volts .  .

8.2

3000    Megacycles
A    Volts

....      Volts
Ohms
Volts
Milliamperes
Megacycles
Decibels
Decibels

# Adjusted for  Ib = 10 milliampcres.
AAdjust  for  Ib = 10  milliamperes;  range  must  be  variable

from  75 to  200 volts.
**Supply should be regulated.

ttFor operation above  1000 megacycles,  the minimum noise
figure will generally be obtained by operation at zero bias.
For operation below 1000 megacycles, the use of a cathode
resistor or grid bias should be evaluated for the particular
application.

§§Adjusted   for    lb=10    milliamperes;    200-ohm    variable
cathode resistor recommended.

INITIAL   CHARACTERISTICS   LIMITS

Min.           Bogey

280               300
Plate Voltage

Ef=6.3 volts,  Ec =O volts, Eb adjusted for Ib=10 rna...                    75              125
Transconductance

Ef=6.3 volts, Eb =175 volts, Ec adjusted for Ib=10 rna...        11500         15000
Amplification Factor

Ef =6.3 volts, Eb = 175 volts, Ec adjusted for lb = 10 rna.
Heater-Cathode Leakage Current

Ef = 6.3 volts, Ehk = 50 volts
Heater Positive with Respect to Cathode. . .
Heater Negative with Respect to Cathode. . .

Interelectrode Leakage Resistance

85                 110

N\ox.

320    Milliampere§

175     Volts

.     Micromhos

140

20    Microamperes
20    Microampcres

Ef = 6.3 volts, Polarity of applied d-c interelectrode voltage is
such that no cathode emission results

Grid to Cathode at 45  volts d-c ..........
Grid to Plate at 500 volts d-c. . .

Interelectrode Capacitances
Grid to Plate:  (g to p)
Grid to Cathode and Heater: g to (h+k) . .
Plate to Cathode and Heater: p to (h+k) .

0.25
5.0

I.5                 1.75

3.0              3.65
0.015

•     Megohms
.     Megohms

2.0    Picofarads
5.0    Picofarads

0.025    Picofarads
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SPECIAL   PERFORJVLANCE  TESTS

Min.            Max.
Noise Figure-450 MC

Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for Ib = 10 rna, F =450 ± 5 MC . .
Noise Figure~1200 MC

Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for Ib = 10 rna, F = 1200 ± 5 MC .
Noise Figure-3000 MC

Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for Ib = 10 rna, F = 3000 ± 5 MC .
Power Gain-450 MC

Ef = 6.3 volts, Ec =0 volts, Eb adjusted for Ib = 10 rna, F =450 ± 5 MC,
Bandwidth =9 MC min. .

Power Gain-1200 MC
Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for lb = 10 rna, F = 1200 ± 5 MC,
Bandwidth = 10 MC min.

Power Gain-3000 MC
Ef = 6.3 volts, Ec = 0 volts, Eb adjusted for lb = 10 rna, F =3000 ± 5 MC,
Bandwidth = 10 MC min. .

5.0     Decibels

8.5     Decibels

13.5     Decibels

15                     .      Decibels

15                     .      Decibels

10                     .      Decibels

DEGRADATION   RATE  TESTS
1000-Hour Life

Statistical sample operated for 1000 hours to evaluate changes in transconductance and noise figure with life.
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12J1 PHYSICAL  DIMENSIONS

DIAAENSIONAL  TOLERANCES

GAGE

?"ct!oof?'.i           =£?   ===!•0a •8    .¢  3 '+:    00
0 I0a I

+'

0==u,"®

±`J
L32.

9.' I..

32 4
I" I 5.`

Fgl"  -
5Z     ,9'.

52

NOTES:
1.   Maximum eccentricity 0.007"  (runout 0.014")
2.   Marimum eccentricity 0.008"  (runout 0.016")
3.   Maximum eccentricity 0.010"  (runout 0.020")
4.   Maximum eccentricity 0.015"  (runout 0.030")
5.   Maximum eccentricity 0.010"  (runout 0.020")

Eccentricities   measured   with   respect   to   center   line
through gage. Tube shall be rotated 360° in gage without
binding.
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AVERAGE   PLATE   CHARACTERISTICS
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7815

PLANAR   TRloDE

The  7815  is  a  high-mu,   ceramic-and-Inetal,   planar  triode  designed  for  use  as
a  grid-pulsed  or  plate-pulsed  oscillator,  frequency  multiplier,  or  power  aapllfier
at  frequencies  up  to  3000  negacycles.

GENERAL

Electrical

Cathode  -  Coated  Unlpotential

Heater  Characteristics  and  Ratings
Heater  Voltage,  AC   or  DC
Heater  Current+
Direct  Interelectrode  Capacitances±

Grid  to  Plate
Grid  to  Cathode
Plate  to  Cathode,  maximum

Mechanical

Mounting  Position  -  Any
Cooling
Net  Weight
Maximurn  Anode  Temperature

*           Volts
1. 0         Amperes

2.05          pf
6.3          pf

0.035          pf

Conduction  and  Convection
1. 7          Ounces
250C

Absolute-Maximum  ratings  are  limiting  values of operating all  other  electron  devices  in  the  equipment.
and    environmenfcll    conditions    applicable    to    any    electron The   equipment   manufacturer   should   design   so   that   ini-
tube  of  a  specified  type  as  defined   by  its   published   data tially   and   throughout   life   no   absolute-maximum   vcllue   for
and  should  not  be  exceeded  under  the worst  probable condi- the   intended   service   is   exceeded   with   any   tube  under   the
tions, worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equip-
acceptcible  servicecibility  of  the  tube,  making  no  allowcince ment   control    adiustment,   load   variation,   signal   variation,
for  equipment  variations,  environmental  variations,  and   the environmental   conditions,   and   variations   in   the  characteris-
effects  of  chcinges  in  operating  conditions  due  to  variations tics  of  I.he  tube  under  considercition  and  of  all  othei.  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.



7815

MAXIMUM  RATINGS   AND  TYPICAL   OPERATION

Plate-Pulsed  Oscillator  and  Axplifler  -  Class  C

Maxiqmm  Ratings
Absolute-Maxinum  Values

Peak  Pulse-Plate-Supply  Voltage
Pulse  Length
Duty  Factor
Negative  DC  Grid  Voltage
Positive  Peak  Grid  Voltage
Negative  Peak Grid  Voltage
Plate  Dissipation
Grid  Dissipation
Average  Plate  Current
Peak  Plate  Current
Average  Grid  Current
Frequency

Typical  Operation  -  Oscillator  -  2500  Megacycles

Heater  Voltage
Peak  Plate  Supply  Voltage
Pulse  Length
Duty  Factor
Peak  Plate  Current
Average  Plate  Current
Average  Grid  Current
Peak  Useful  Power  Output,   approximate

Grid-Pulsed  Oscillator  and  Amplif ier  -  Class  C

Maxirrm Rat lngs
Absolute-Maximm  Values

DC  Plate  Voltage
Pulse  Length
Duty  Factor
Negative  DC  Grid  Voltage
Positive  Peak Grid  Voltage
Negative  Peak  Grid  Voltage
Plate  Dissipation
Grid  Dissipation
Average  Plate  Current
Peak  Plate  Current
Average  Grid  Current
Frequency

3500    Volts
6    Microseconds

0 . 0033
150     Volts
250    Volts
750    Volts

10    Watts
2.0    Watts

10    M111iaaperes
3.0    Aaperes
5.0    M111iamperes

3000    ifegacycles

5.8     Volts
3500    Volts

5    Microseconds
0.0030

3.0    Amperes
9.0    M1111anperes
3.0    M1111aperes

2000    Watts

2000    Volts
6    Microseconds

0 . 0033
150     Volts
250    Volts
750    Volts

10    Watts
2.0    Watts

10     M1111amperes
3.0    Amperes
5.0    Milllaxperes

3000    Megacycles

I

I
I
I
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lIAXIMUM  RATINGS   AND   TYPICAL   OPERATION Continued

Typical  Operation  -  Amplifier  -   1100  Megacycles

Heater  Voltage
DC  Plate  Voltage
DC  Grid  Voltage
Pulse  Length
Duty  Factor
Peak  Plate  Current
Peak  Grid  Current
DrivirLg  Pcwer  during  Pulse,  approximate
Peak  Useful  Power  Output,   approximate

REFERENCE
SUF3FACE

ANODE  F`F  CO
SUPFACE

GBID f}F CONTA
SuF]FACE

HEATEFi  CONTZ\
SuFiFACE

CATHODE   RF
HEATER  CONTA
SUFZFACE

6.0    Volts
1700     Volts
-45    Volts
3.5    Microseconds

0 . 001
1.9     Amperes
1.1     Amperes
400    Watts

1500     Watts

I . I I,uI.1950.8400.860r8£3Zl

0.76

H8?gg                                       082

INTACT 1.±0.I,CTACT

I.

L

o.:98                                                                 Lo.ooo

70

9

0075   0.I.

0034  I.8I

157

±0.'63E=
i.833                              a.04o  8:£S?

25 09+ lIIIIIIIIIIIIIIIIIIIZ                               -ifiAli-

631 0.000
0 52

I.01          I.2

±0.097                      0.loo4570 I.329   0.0I.4

0. 792

II

I

I

1III
11

I

II
I8ACT

I 0.0.0.0.0.0.
!55100455565

Lo.ooo0.2'3_
0.223 a.086

NOTES:
I.   THE  TOTAL  INDICATED RUNOuT  OF  THE  ANODE  AND  GF3lD   CONTACT  SuRFACES   WITH   F3ESPECT

TO   THE  CATHODE  CONTACT  SuRFACE   WILL  NOT  EXCEED    0.020  INCH.

2.    THE   TOTAL  INDICATED  BUNOUT  OF  THE  CATHODE  CONTACT  SURFACE   WITH  BESPECT    TO  THE
HEATER  CONTACT  SUBFACE   WILL  NOT  EXCEED    0.012  INCH.

a     uppER  DiM.  MIN.,LowERDiM`MAx.    #LNx.%83°o   ALL  DIM.   iN   iNCHES.
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*    The  equipment  designer  should  design  the  equipment  so  that  heater  voltage
is  centered  at  some  value  within  the  range  of  5.0  to  6.0  volts.     Heater
voltage  variations  about  the  center  value  should  be  kept  as  small  as
practical  and  should  not,   in  any  case,   exceed  ±5%.     The  optimum  center
value  of  heater  voltage  depends  on  the  cathode  current  and  on  other  paralneters
of  circuit  design  and  operation.    For  specific  recommendations,   contact  your
General  Electric  tube  sales  representative.

+    Heater  current  of  a  bogey  tube  at  Ef  =  6.0  volts.

±    Measured  without  heater  voltage.

The tubes and  ciri.ongements disclosed  herein  may  be covered  by  pcitents  of  General  Electric  Compclny  or  others.

i;:::#;::t##§c:a;:::r:ck:::nT:s::j§:::,no;gn;,:h:og|:*e§€j:::v::c;::f,:{c§:::::;e;nit;t::;b;:es:;:;#:::;ns::::r;jejf;;jj::;ects;:,:n¥h,a:e:n;af:oa:n::e:ye;:ae:nx,

11/1/62   (F)

E

I
I
I
u

•T

I
I

•i

I
•\

I
I
I
u

I
+

I
I



© ff&fflwiiffiAvrmowwthu$              7841METAL-CERAMIC   DI0DE

DESCRIPTION  AND  RATING
The 7841 is a cathode-type diode of ceramic-and-metal planar construc-

tion intended for detector and low-current rectifier applications.

GENERAL

ELECTRICAL

Cathode-Coated Unipotential
Heater Characteristics and Ratings
Heater Voltage, AC or DC* ..... 6.3±0.3    Volts
Heater currentt .......... 0.215     Amperes
Direct Interelectrode Capacitances §

PlatetoCathode:(ptok) ........ 1.1     pf
Heater to cathode:  (h to k) ....... 1.2     pf

JV`ECHAN[CAL

Mounting Position-Any
See outline drawing on page 2 for dimensions and electrical

connections.

MAXIMUM  RATINGS
ABSOLUTE   MAXIMUM   VALUES
Peak Inverse plate voltage ..... 350    Volts                                    Cathode
Steady-State peak plate current ....   22    Milliamperes                 Heater Negative with Respect to
DCoutputcurrent ...............   55     Milliamperes                        Cathode...
Heater-Cathode voltage                                                                           Envelope Temperature at Hottest

Heater positive with Respect to                                                               Point**

50    Volts

50    Volts

250C

Absolute-Maximum ratings are limiting values of operoling oll  other electron  devices  in  the  equipment.
and    environmentc]l    conditions   applicable   to   any   electron The   equipment   manufacturer   should   design   §o   that   ini-
tube  of  a  specified  type  as  defined  by  its  published  data ticilly   and   throughout   life   no   absolute-maximum   value   for
and  should  not  be exceeded  under the worst probable condi- the  intended   service  is  exceeded  with  any  tube  under  the
lions, worst  probclble  operoling  conditions  with  respect  to  supply-

The   tube   manufclcturer   chooses   these   vcilues   to   provide voltage   variation,   equipment   component   varicltion,   equip-
acceptable  §erviceability  of  the  tube,  making  no  allowance menl   control   odiustment,   load   vclrialion,   signal   variation,
for  equipment  variations,  environmentc]l  variations,  clnd  the environmental  conditions,  and  varicltions  in  the  characteris-
effects  of  changes  in  operating  conditions  due  to  vclrialions tics  of  the  tube  under consideration  and  of  all  other  electron
in  the  characteristics  of  the  tube  under  considercition  and  of devices  in  the  equipment.

AVERAGE  CHARACTERISTICS
Tube Voltage Drop

Ib = 5.0 Milliamperes DC 2.6    Volts

FOOTNOTES
*  The equipment designer should design the equipment so that the heater voltage is centered at the specified

bogey value, with heater supply variations restricted to maintain heater voltage within the specified tolerance.
t  Heater current of a bogey tube at Ef = 6.3 volts.
§  Measured using a grounded adapter that provides shielding between external terminals of tube.
* *For applications where long life is a primary consideration, it is recommended that the envelope temperature

be maintained below  175  C.

?:o::::;rot:u:b:,:.:si;r::df.fi#n.:.J:g:e,i:b;;,[h;:i:::si::,,.t;h,::::e,|if.mf:.::in::.o:sj,::;:r;e:i!?::pn:?::R:::i:::.     ¥,:o:efrn:1;Sn;i;:,;,:;fco,:;ep,":c:e:soo:.:,:h:oe;hxenp,or#y:?:'!t'oe:noefeg-:::n:,e:nn;f r;:gy::=cuer:ioa:s'r::,'n:g;
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AVERAGE  PLATE  CHARACTERISTICS
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METAL-CERAMIC  TRIODE
DESCRIPTION  AND  RATING

7910
Page I

7-64

The  7910  1s  a  trlode  of  ceramic-and-metal  planar  construction  primarily  intended  for
use  as  a  plate-pulsed  oscillator  or  ampllfler  at  frequencies  up  to  7500  megacycles.

OENERAL

ELECTRICAL

Cathode  -  Coated  Unlpotentlal
Heater  Char&cterl8tlca  and  Ratings
Heater  Voltage,   AC   or  DC*.      .      .   6.3±0.3
Heater  curretit±   ......       0.275
Cathode  Heating  Tltne,  mlnlmum     .      .       60
Direct  Interelectrode  Capacltance8§

Crldtoplate:   (Stop)     .     .     .1.0
Itlput:   g   to   (h  +  k) .....     2.1
Output:   p  to  (h  +  k)      ....   0.02
Heater  to  Cathode:   (h  to  k)   .      .   1.15

MECHANICAL
Operating  Po81tlon  -  Any

See  Outline  Drawing  on  page  3  f or  dlmension8
and  electrical  connections.

WLAXIJVLUJVL   RATINGS
ABSOLUTE-MAXIMUM   VALUES

PLATE-PULSED   OSCILLATOR   OR   AMPLIFIER    SERVICE
Peak  posltlve-Pulse  plate  supply  voltage   .........
Duty  Factor  of  plate  pulsell#   .............
Pulse  Duration ..................
Plate  Current

.      .      .     1200            Volts

.       .       .   0.001

.      .      .       2.0            Microseconds

A:wera8e#.........................
Average  During  plate  pulseA      ..................

Negaclve  Grid  Voltage
Average  During  plate  pulse ......

Grid  Current
bwera8e#............
Average  During  place  pulse ......

Plate  Dlsslpation#     .........
Peak  Heater-Cathode  Voltage

Heater  Posltlve  wltb  Respect  to  Cathode     .
Heater  Negative  with  Respect  to  Cathode     .

Etivelope  Temperature  at  Hottest  Point   .     .     .

0. 6             M1111amperes
0. 6           chperes

50            Volts

0.2            Milllamperes
0.2             Amperes
1.5            Watts

50            Volts
'  50           Volts
250C

Absolute-Maximum  ratings  are  limiting  values of operat-
ing and environmental conditions applicable to any electron
tube of  a  specified  type  as  defined  by  its  published  dcita
clnd   should   not  be   exceeded   under  the  worst  probable
conditions.

The  tube  manufacturer  chooses  these  values  to  provide
acceptable servicec]bility of the tube, making  no allowance
for  equipment voricitions,  environmental  variations,  cind  the
effects of changes in operating  conditions due to variations
in the characteristics of the tube under consideration and of

all  other electron  devices in the equipment.
The  equipment  manufacturer  should   design  so  that  ini-

tially  and  throughout  life  no  absolute-maximum  value  for
the  intended  service  is  exceeded  with  any  tube  under  the
worst probable operating conditions with respect to supply-
voltage  variation,  equipment  component  variation,  equip-
ment  control   odiustment,   load   variation,  signal   variation,
environmental  conditions,  clnd  variations  in  the  characteris-
tics of the tube under consideration and of all other electron
devices  in  the  equipment.

GENERAL ©  ELEC"10
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CHAnACTER.STics  AND   TTplcAL  opEnATioN

AVERAGE   CHARACTERISTICS
Plate  voltage       .........
Cathode-Blas  Reglstor   .......
Ampllf lcatlon Factor     .......
Transconductance.........
Plate  current ..........

PLATE-PULSED   OSCILLATOR   SERVICE
Frequency...........
Heater  voltage     .........
Duty  Factor     ..........
Pulse  I)uratlon     .........
I'ul8e  Repetltlon  Rate   .......
Peak  Posltlve-Pulse  Plate  Supply  Voltage.
Plate  Current

Average.......
Average  During  Plate  Pulse

Grid  Current
Average.......
Average  During  Plate  Pulse

Useful  Potter  O`itput
Average.......
Average  During  Plate  Pulse

.     125            Volts

.        8 2              Ohms

.75
16000            Mlcromho8

.11.5            M1111anperes

5900           Megacyc lea
6.3            Volts

0.001
1. 0           Mlcrosecond8

1000
1000

.................      0.6

.................      600

.................      0.2

.................      200

.................      0.1

.................       100

Pul8e8  per  Second
Volts

M1111apereB
M1111apere8

Mll11anpere8
M1111apere8

Watts
Watts

NOTES
*    The  equlptnent  de81gner  should  design  the  equipment  so  that  heater  voltage  18  centered  at  the  8peclfled

bogey  value,  with  heater  Supply  varlatlons  re8trlcted  to  malntaln  heater  voltage  wlthln  the  8peclfled
tolerance .

I    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§    Measured  with  a  grounded  adapter  that  provldeB  8hleldlng  between  extemal  terDlnel8  of  Cube.
fl    Appllcatlon8  with  a  duty  factor  greater  than  0.001  should  be  referred  to  your  General  Electric  tube

sales  repre8entatlve  for  recotmendatlon8.
#    In  any  5000  mlcro8econd  interval.
A    The  regulation  and/or  series  plate-Supply  lmpedonce  must  be  such  a8  to  llmlt  the  peak  current,  with

the  tube  considered  as  short  clrcult,   to  a  maxlmm  of  6.0  ampere8.

•xpreae   wri«en   agreem.n.   lo   lrl.   con.rary,   G.norol   El.clric   Company   assum.a   no
liobility  for  potenl  infring.men.  ari.ing  out  of  any  use  of  .h.  lub.s  with  oll`®r  device.
or  ®I.in.nt.  by  any  F.urcho..I   Of  tubes  or  olher..
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7-64
PHYSICAL   DIMENSIONS

RID

ATHODE

A

-P'CI-CH

•aFD|

E-
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I
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GF-
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I
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CATHODE  RINC

Ref. INCHES NILLIRETERS
Minlmun Nominal Maximum Minimum Nominal mxlmum

A 0.357 0.363 9 . 068 9.220
8 0.285 1  .21+
C 0.180 4.57
D 0 . 108 0 .112 2 . 743 2 . 845
E 0 . 040 1.02
F 0.025 0.031 0.635 0.787
G 0 . 315 0.335 8.00 8.51
H 0 . 2 16 0.232 5.49 5.89
J 0 . 02 5 0 . 031 0.635 0.787
K 0.094 0 . 102 2 .388 2 .591
L 0 . 143 0 .157 3.63 3.99
M 0 . 16 5 0 .185 4.19 4.70
N 0.330 8.38
P 0 . 048 0 . 054 1 . 219 1.372
R 0.476 0 . 4 84 12 .090 12 .294
S 0.130 0 . 142 3.30 3.61
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AVERAGE   PLATE   CHARACTERISTICS
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© E£EursmoAV«ut;s$              79n
METALICERAMIC  TRIODE

FOR   PLATE-PULSED   OSCILLATOR   OR   AMPLIFIER   APPLICATIONS

DESCRIPTION  AND  RATING

79''
pag-e6J

The   7911   1s  a  high-mu  trlode  of  ceramic  and  metal  planar  construction  intended
for  use  as  a  plate-pulsed  oscillator  or  amplifier  at  frequencies  up  to  6000  megacycles.

GENERAL

ELECTRICAL

Cathode  -  Coated  Unlpotentlal

Heater  Characterlstlcs  and  Ratings
Heater  Voltage,   AC   or  DC*     .      .      .
Heater  current± .......
Direct  lnterelectrode  Capacitances§

Grid  to  Plate:   (g   to  p)   .      .      .
Input:   g   to   (h  +  k)      ....
Output:   p   to   (h  +  k)    ....

6 . 3±0 . 3
.   0.55

MECHANICAL
Operating  Position  -  Any

See   Outline  Drawing  on  page  3   for  dimensions
and  electrical  connections.

JVLAXIJVIUM   RATINGS

PLATE-PULSED   OSCILLATOR   OR   AMPLIFIER   SERVICE-ABSOLUTE-MAXIMUM   VALUES
Cathode  Heating  Time,   minimum ....
Peak  Posltlve-Pulse  Plate  Supply  Voltage
Duty  Factor  of  Plate  Pulsem#   ....
Pulse  Duration ......
Plate  Current

A;weraBeJf.......
Average  During  Plate  PulseA

.   60             Seconds
3000            Volts

0 . 001
2.0             Microseconds

..................         2.5              Milllamperes

..................         2.5              Anperes
Negative  Grid  Voltage

Average  During  plate  pulse .....
Grid  Current

kweraLBcti...........
Average  During  plate  pulse .....

DC  cathode  current      ........
Plate  Dlsslpatlon#     ........
Peak  Heater-Cathode  Voltage

Heater  Posltlve  with  Respect   to  Cathode
Heater  Negative  with  Respect   to  Cathode

Envelope  Temperature  at  Hottest  Point   .      .

100            Volts

1.0            M11lia"peres
1.0             Amperes

.   20             M111iamperes
6.5             Watts

.   50             Volts

.   50             Volts
250C

Absolute-Maximum  ratings  ore  limiting  values  of  operat-
ing  and  environmental conditions applicable to any electron
tube  of  a  specified  type  as  defined  by  its  published  data
and   should   not  be  exceeded   under  the  worst   probable
conditions.

The  tube  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the  tube,  making  no  allowance
for  equipment variations,  environmental  variations,  and  the
effects of changes  in  operclting  conditions  due  to  variations
in the characteristics of the tube  under consideration  and  of

all  other electron  devices  in  the  equipment.
The   equipment  manufacturer  should   design   so  that  ini-

tially  and   throughout  life  no  absolute-maximum  vcilue  for
the  intended  service  is  exceeded  with  any  tube  under  the
worst probable operating  conditions with  respect to supply-
voltage  variation,  equipment  component  variation,  equip-
ment   control   adiustment,   load   variation,   signal   vciriation,
environmental  conditions,  and  variations  in  the  charcicteris-
tics of the tube under consideration and of all other electron
devices  in  the  equipment.

GENERAL ELECTRIC
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CHARACTERISTICS   AND   TYPICAL   OPERATION

AVERAGE   CHARACTERISTICS
Plate   voltage   .......................
Cathode-Bias   Resistor      ....................
Ampllflcation  Factor .....................
Plate  Resistance,   approximate ..................
Tr.nsconductance......................
Plate  current   .......................
Grid  Voltage,   approximate

Ib  I   100  Mlcroamperes      ...................

PLATE-PULSED   OSCILLATOR  SERVICE
Frequency........................
Heater  voltage .......................
Duty   Factor ........................
Pulse  Duration .......................
Pulse  Repetltlon  Rate      ....................

200            Volts
100              Ohms

.58
2 3 00             0hlns

2 5000             Mlcromhos
.    23              M1111arnperes

•   -5            Volts

.      4100             Megacycles

.        6.3             Volts

.   0.001

Peak  posltlve-Pulse   supply  voltage   .................
Plate  Current
Average.........................
Average  During   plate   pulse ...................

Grid  Current
Average.........................
Average  During   plate   pulse ...................

Useful  Power   Output
Average.........,...............
Average  During   plate   pulse ...................

I. 0            Microseconds
1000            Pulses   per

Second
3000            Volts

2.5              M111iamperes
2.5             Amperes

0.3             M1111anperes
0.3             Amperes

2.2             Watts
2.2            Kilowatts

NOTES
*    The  equipment  designer  should  design  the  equipment  §o  that  heater  voltage   ls  centered  at   the  specif led

bogey  value,  with  heater  supply  varlatlons  restricted  to  maintain  heater  voltage  wlthln  the  speclf led
tolerance .

±     Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§     ifeasured  using  a  grounded  adapter   that  provides  shleldlng  between  external  terminals   of   tube.
"    Appllcatlons  with  a  duty  factor  greater  than  0.001  should  be  referred  to  your  General  Electric  tube

sales  representative  for  recomnendatlon.
#     In  any  5000  microsecond  interval.

A    The  regulation  and/or  series  plate-supply  impedance  must  be  such  as   to  llmlt   the  peak  current,  with
the  tube  considered  a  short  circuit,   to  a  maximum  of  25  amperes.
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Note:     Gauge   tolerances   are  ±0.001
inches   or  ±0.025  mllllli.eters,
unless   otherwise   itidlcated.

Ref. IREHES rmLLIRETERs
Minlmun Nominal mximm Minimum Nominal haxlmutn

A 0 .122 0.128 3 .099 3.251
8 0 .030 0.76
a 0 . 005 0.13
D 0.220 0.230 5.59 5.84
E 0 . 040 0.060 1.02 1.52
I 0 .120 0 .130 3.05 3.30
C 0 . 02 5 0 . 031 0.635 0.787
H 0 .167 0 .177 1+  .21+ 4.50
J 0 . 02 5 0 . 031 0.635 0.787
K 0 .170 0 .180 4.32 4.57
L 0 .170 0.180 4.32 4.57
M 0 . 047 0 . 053 1.194 1. 346
N 0 .185 0.215 4.10 5.46
P 0.535 0.565 13 . 59 14.35
R 0.598 0.608 15 .19 1 5 . 44
S 0 . 748 0 . 758 19 .00 19 .25

Note:     The  mllllneter  dlnenslons  are  derived  from  the  original
inch  dlnet`slons .
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7913
METALICERAMIC   TRIODE

DESCRIPTION  AND  RATING
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The  7913  is  a  high-Inu  triode  of  ceramic-and-metal  planar  construction  primarily
intended  for  use  as  an  oscillator  or  radio-frequency  power  ampllfler.

GENERAL

ELECTRICAL

Cathode  -  Coated  Unlpotentlal

Heater  Characterlstlcs  and  Ratings
Heater  Voltage,   AC   or  DC* ....
Heater  current±   .......
Direct  lnterelectrode  Capacltances§

Grid  to  Plate:     (g  to  p)   .      .      .
Input:     g   to   (h  +  k)      ....
Output:     p   to   (h  +  k)    ....
Heater   to  Cathode:     (h  to  k).     .

6.3±0.3     Volts
.     0.4     Amperes

I     2.4     pf
.     6.0     pf
.   0.03     pf
•     2.4     pf

MECHANICAL

Operating  Position  -  Any

See  Outline  Dravlng  on  page  3   for  dlmenslons
and  electrical  connections.

JVLAXIJVLUJVL   RATINGS

ABSOLUTE-MAXIMUM   VALUES
Plate  voltage ..........
Plate  Dlssipatlon     ........
IX}  Grid  current   .........
DC  cathode  current   ........
Peak  catbode  current     .......
Heater-Cathode  Voltage

Heater  Posltlve  with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Grid-Clrcult  Resistance
With  Fixed  Bias   ........
With  catbode  Bias     .......

Envelope  Temperature  at  Hottest  Point.     .

330            Volts
5.5            Watts

10            Ml111amperes
30            M111iamperes

120            M1111anpere5

0.025
.0.1
.250

Volts
Volts

ifegohm8
ifegohms
C

Absolute-Maximum  ratings  are  limiting  values  of operat-
ing  and  environmental conditions applicable to any electron
tube  of  a  specified  type  os  defined  by  its  published  data
and   should   not  be  exceeded   under  the  worst   probable
conditions.

The  tube  manufacturer  chooses  these  values  to  prov-ide
acceptable serviceability of the tube, making  no allowance
for equipment variations,  environmental  variations,  and  the
effects of changes in operating  conditions due to variations
in the characteristics of the tube under consideration and of

all  other  electron  devices  in  the  equipment.
The  equipment  manufacturer  should  design  so  that  ini-

ticilly  and  throughout  life  no  absolute-maximum  value  for
the  intended  service  is  exceeded  with  any  tube  under  the
worst probable operating conditions with respect to supply-
voltage  variation,  equipment  component  variation,  equip-
ment  control   adiustment,   load   variation,  signal   variation,
environmental  conditions,  and  variations  in  the  characteris-
tics of the tube under considercition and of all other electron
devices in the equipment.

GENERAL  ©  ELECTRIC



7913
Page  2
7-64

CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS
Plate  voltage   .......................
Cathode-Bias  Resistor     ....................
Aapllf lcatlon  Factor .....................
Plate  ReBlgtance,   approximate ..................
Tran8conductance......................
Plate  current   .......................
Grid  Voltage,  approximate

Ib  =   loo  Mlcroamperes      ...................

UHF   OSCILLATOR   SERVICE
Frequency........................
Plate  voltage   .......................
Grid  ReBlstor   .......................
Plate  current   .......................
Grid  current,   approximate   ...................
Power  o`itput,   approximate   ...................

.   200           Volts
•      47              Ohms
.100
2 500             Ohms

40000           Mlcromho8
.     25            Mll11ampere8

-4.5           Volts

.   400            Megacycle8

.   300           Volts
15 0 0             Ohms

.      25             M1111ampere8

.      5         Mll llaperes
•       4           Watts

NOTES
*    The  equlptDent  designer  should  de81gn  the  equipment  8o  that  heater  voltage  18  centered  at  the  8peclf led

bogey  value,  with  heater  Supply  varlatlone  re8trlcted  to  tDalntaln  heater  voltage  wlthln  the  speclfled
tolerance .

±    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§    Without  external  shield.



PHYSICAL   DIMENsloNS

Ref. INCHES NILLIMETERS
Minlmun Nominal mxlmun Mlnl"m Nomlml mxlmun

A 0 .122 0 .128 3 . 099 3 .251
8 0.030 0.76
C 0 .005 0.13
D 0 .170 0 .180 4.32 I+ .57
E 0 . 040 0.060 1.02 1.52
F 0 .165 0.175 4.19 4.45
G 0 . 02 5 0.031 0.635 0 . 787
H 0 .167 0 .17 7 4.24 4.50
J 0.025 0 . 031 0.635 0.787
K 0.170 0 .180 4.32 4.57
L 0.170 0 .180 4.32 4.57
M 0.047 0 . 053 1.194 1 . 346
N 0 .185 0 . 215 4.70 5.46
P 0.535 0.565 13 . 59 14 . 35
R 0.598 0 .608 15 .19 15 .44
S 0 . 748 0.758 19 .00 19 .25

Note:     The  mllllmeter  dlmenslons  are  derived  from  the  original
inch  dlrnenslons.

ALIGNMENT   GAUGE

'''1'1'1''
''''''''1

7913
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FM
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Note:     Tolerances   are  ±0.001   inches
or  ±0.025  mllllmeter8,   unless
otherwise  lndlcated.
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AVERAGE  PLATE  CHARACTERISTICS
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8081

METAL-CERAMIC   TRloDE

DESCRIPTloN   AND   RATING

The  8081  is  a  high-mu  triode  of  ceramic-and-metal  planar  construction
primarily intended for low-level audio-frequency amplification.

GENERAL

ELECTRICAL

Cathode-Coated Unipotential
Heater Characteristics and Ratings
Heatervoltage,ACorDct   .       ..6.3±0.3
Heater  current} ..... 0.215
Direct Interelectrode Capacitances §

Grid to Plate:  (g to  p) .  .  .
Input: g to  (h+k) .  .
Output: p to  (h +k) .  .
Heater to Cathode:  (h .t; k) .  .

MECHANICAL

Mounting Position-Any T[

JVIAXIMUJVL   RATINGS

ABSOLUTE-MAXIMUM   VALUES

DC plate voltage ..... 275     Volts
Peak plate voltage ..... 400    Volts
Positive Peak and DC Grid Voltage ...... 0    Volts
Negative Peak and DC Grid Voltage .... 50    Volts
Plate Dissipation ..... 0.85    Watts
DC cathode current ...... 3.8     Milliamperes
Heater-Cathode Voltage

Heater Positive with Respect to
Cathode.  .  .

Heater Negative with Respect to
Cathode

Grid Circuit Resistance, with Fixed

Envelope Temperature at Hottest

.50     Volts

50    Volts

0.2     Megohms

250C

Absolute-Maximum  ratings  are  limiting  values of operating all  other  electron  devices  in  the  equipment.
and    environmental    conditions    cipplicable    to   any   electron The   equipment   manufacturer   should   design   so   that   ini-
tube  of  a   specified   type  as  defined  by   its  published  data tiolly   and   throughout   life   no   absolute-maximum   value   for
and  should  not  be  exceeded  under the  worst  probable  condi- the   intended   service   is   exceeded   with   any   tube   under  the
lions, worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equip-
cicceptable  serviceability  of  the  tube,  making  no  cillowance ment   control    adiustment,    load   variation,   signcil   variation,
for  equipment  variations,  environmental   variations,   and   the environmental   conditions,   clnd   vciriations   in   the   chciracteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  cind  of  cill  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

GENERAL ©  ELECTRIC
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CHARACTERISTICS  AND   TYPICAL   OPERATION

AVERAGE   CHARACTERISTICS

Plate voltage .... 150     Volts
Cathode-Bias Resistor ..... 1000     Ohms
Amplification Factor ...... 80
Plate Resistance,  approximate ...... 57000     Ohms
Transconductance ......... 1400     Micromhos

Plate  Current .  .
Grid Voltage, approximate

Ib = 10 Microamperes,  Eb = 250

FOOTNOTES

t  The  equipment  designer  should  design  the  equipment  so
that heater voltage is centered at the specified bogey value,
with heater supply variations restricted to maintain heater
voltage within the specified tolerance.

I  Heater current of a bogey tube at Ef = 6.3 volts.
§  Without external shield.
tt One method of mounting the 8081 is to use a stainless-steel"T" bolt (see drawing) to attach the mounting base of the

tube to a chassis or circuit board. The "T" bolt should be
inserted  in  the  slot  in  the  base  of  the  tube,  turned  90
degrees, and attached to the chassis or circuit board with a
2-56 nut  and lock washer.  Torque used to tighten the nut

0.95     Milliamperes

-4.6    Volts

should not exceed 3 inch-pounds.
Alf resistance  is  used  in  the  cathode  or  plate  circuits,  the

grid-circuit  resistance  may  be  as  high  as   (200,000+500
RK + 10RL) ohms, where RK is the cathode-bias resistance
in ohms, and RL is the DC plate load resistance in ohms.

#  Operation below the rated maximum envelope temperature
is   recommended   for   applications   requiring   the   longest
possible tube life.  The 8081  is also  capable of operation  at
envelope temperatures much  higher  than  the  rated  maxi-
mum   value.   For   specific   recommendations   concerning
higher    temperature    operation,    contact    your    General
Electric tube sales representative.

SPECIAL   PERFORMANCE  TESTS

Maximum
Va££fa±]6e.-3F:::tus:nEcgbv=£?r5aot];°on]ts.,.Ec =     1 5    p¥;]k]Vt:]tpseak

0  volts   d-c,   Rk=1000   ohms   (by-
passed),  RL=10000  ohms;  Note   1

Low-Frequency vibration ...... 0.75     Millivolts  RMS
Ef = 6.3 volts, Ebb = 150 volts, Ec =
0   volts   d-c,   Rk=1000  ohms   (by-
passed),   RL=10000   ohms,   G=15,
F = 40 eps; Note  2

Note  1 :   The  variable-frequency  vibration  test  shall  be  per-
formed as follows :

a.      The frequency shall  be  increased  from  100  to  2000
eps  with  approximately  logarithmic  progression  in
3 ± 1 minutes. The return sweep (2000 to  100 eps) is
not required.

b.     The  tube  shall  be  vibrated  with  simple  harmonic
motion  in  each  of two planes;  first,  parallel  to  the
cylindrical  axis; second,  perpendicular to the  cylin-
drical axis and parallel to a line through the major
axis of a terminal lug.

c.      The peak acceleration shall be maintained at  10 ±1
G throughout the test.

d.     The  vibrational  output  produced  across   RL  as  a
result of the vibration shall be coupled to a low-pass
filter that has the following characteristics:
(1)   A response within ± 1 db of the response at 1000

cps over the frequency range of 100 to 17000 cps.
(2)    The  response  shall  be  down  at  least  1.5  db  at

20000 eps and have a cut-off rate of at least  18
db per octave above 20000 cps.

Note  2:   The  tube  shall  be  vibrated  with  simple  harmonic
motion  in  each  of  two  planes,   (1)  parallel  to  the
cylindrical  axis  and  (2)  perpendicular  to the  cylin-
drical  axis and perpendicular to  a line through the
major axis of a terminal lug.

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pres-
sure  of  8mm  Hg,  to  simulate  an  altitude  of  100,000  feet.
Tubes shall not give visual evidence of flashover or corona
when 300 volts RMS,  60 eps,  is applied between the plate
and grid terminals.

DEGRADATION   RATE  TESTS

Fatigue
Statistical sample vibrated for a total of six hours, three hours in each of two planes, at a peak acceleration of 10G. Frequency
is continuously varied from 30 cps to 2000 cps and back to 30 cps, with a period of ten minutes. Tubes are operated during
the test with Ef =6.3  volts,  Eb = 150 volts,  and Rk =82  ohms.  Following the test, tubes  are  evaluated for low frequency
vibrational output, heater-cathode leakage, transconductance, and negative grid current.

Shock
Statistical  sample  subjected to  5  impact  accelerations of approximately  450G  in  each  of four  positions.  The  accelerating
forces are applied by the Navy-type, High Impact (flyweight) Shock Machine using a 30° hammer angle. Tubes are mounted
by T-bolt with 3 inch-pounds torque,  and operated during the test with Ef = 6.3 volts, Eb = 1S0 volts,  Ehk = + 100 volts,
Rg =0.1  Meg,  and  Rk =82  ohms.  Following the  test,  tubes  are  evaluated  for low  frequency  vibrational  output,  heater-
cathode leakage, transconductance, and negative grid current.
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DEGRADATION   RATE  TESTS  (Continued)

Stability Life Test
The statistical  sample  subjected to the  Intermittent  Life  Test  is  evaluated  for  percent  change  in  transconductance  of in-
dividual tubes, from the initial readings to readings following 2 hours and  20 hours of the life test.

Survival Rate Life Test
The statistical sample subjected to the Intermittent Life Test is evaluated for shorted and open elements and transconduct-
ance following approximately  loo hours of life test.

Intermittent Life Test
Statistical sample operated for  1000 hours under the following conditions: Ef = 6.3 volts (cycled-on  1 % hours, off j< hour),
Ebb = 300 volts, Ehk = + 70 volts d-c, Rk = 82 ohms, RL = 18000 ohms, and Rg = 0.1 meg. Tubes are  evaluated,  following  500
and  1000  hours  of life  test,  for  shorted  or  open  elements,  r}eater  current,  grid  current,  transconductance,  heater-cathode
leakage,  and interelectrode leakage resistance.

Interface Life Test
Statistical sample operated for  1000 hours with Ef = 6.6 volts, no other voltages applied, and evaluated for cathode interface
resistance following the life test.

Heater-Cycling Life Test
Statistical  sample  operated  for  2000  cycles  minimum  to  evaluate  and  control  heater-cathode  defects.  Conditions  of test
include Ef = 7.0 volts cycled for one minute on and one minute off, Eb = Ec = 0 volts, and Ehk = 70 volts with heater positive
with respect to cathode. Following this test, tubes are evaluated for open heaters, heater-cathode shorts, and heater-cathode
leakage current.

Note :  The conditions for some of the indicated tests have deliberately been selected to aggravate tube failures for test and evalua-
tion purposes.  In no sense should these conditions be interpreted as suitable circuit operating conditions.

The   tubes  and   orrc]ngements  disclosed   herein  may  be   covered   by  patents  of         elements.   In    the   absence    of   cin    express   written   agreement   lo    the   contrary,
General   Electric   Company   or   others.   Neither   the   disclosure   of   any   information          General   Electric   Company   assumes   no   liability   for   patent   infringement   arising
herein   nor  the   sale   of  tubes  by   General   Electric  Company   conveys  any   license         out  of  any  use  of  the  tubes  with   other  devices  or  elements  by  any  purchaser  of
under    patent    claims    covering    combinations    of    tubes    with    other    devices    or         tubes  or  others.

AVERAGE   PLATE  CHARACTERISTICS
I I 1' I 11 I I I

I. 11 I I I
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AVERAGE  TRANSFER  CHARACTERISTICS
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The  8082  is  a  high-mu  triode  of  ceramic-and-metal  planar  construction
primarily intended for use as an oscillator in the ultra-high-frequency range.

GENERAL

ELECTRICAL

Cathode~Coated Unipotential
Heater Characteristics and Ratings
Heater voltage,  AC or Dct .... 6.3 ±0.3    Volts
Heater current| ..... 0.24    Amperes
Direct Interelectrode Capacitances §

Grid to Plate:  (g to p) .  .  .
Input: g to  (h+k) .
Output: p to  (h+k) .  .
Heater to Cathode:  (h I;

MECHANICAL

Mounting Position-Any fl

MAXIJV`UJVL   RATINGS

ABSOLUTE-MAXIMUM   VALUES

Plate Voltage .  .
Positive DC Grid Voltage .  .
Negative DC  Grid Voltage .
Peak Negative Grid Voltage
Plate Dissipation .  .
DC Grid Current .  .
DC  Cathode Current .  .
Peak  Cathode Current .  .

...250      Volts

...0      Volts
...50      Volts
...50      Volts
...1.0     Watt
...2.2     Milliamperes
...11     Milliamperes
...40     Milliamperes

Heater -Cathode Voltage
Heater Positive with Respect to

Cathode .  . .
Heater Negative with Respect to

Cathode.  .  .
Grid-Circuit Resistance   .
Envelope Temperature at Hottest

Point# .  .

...50     Volts

...50     Volts
.10000     Ohms

...250      C

L±::54-.

i----Ji_

II  '' ''lL±:?3,.J

Absolute-Maximum  ratings  are  limiting  values of operating all  other  electron  devices  in  the  equipment.
and    environmental    conditions    applicable    to    any    electron The   equipment   manufacrurer   should   design   so   that   ini-
tube  of  ci   specified   type  as  defined   by   its  published  data tially   and   throughout   life   no   absolute-mclximum   value   for
cind  should  not  be  exceeded  under  the worst  probable condi- the   intended   service   is   exceeded   with   any   tube   under  the
lions. worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufcicturer   chooses   these   values   to   provide voltclge   variation,   equipment   component   varicition,   equip-
acceptable  serviceability  of  the  tube,  making  no  allowance ment   control    cidiustment,    load   variation,   signal   vclriation,
for  equipment  variations,  environmental  vciriotions,   and   the environmental   conditions,  and   variations   in  the  characteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  and  of  all  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

Thp   1ibe.  and   .I.iiin`  .   n ..-.,  disc^.ei.   h..   a.n   mf.v   bi.   covered   I./   p`.len...  of          elenienl,     ln    lhi.    ab`-ncf.    of    an    I.`pies5    w.illen    agii.em®nl    lo    the    conlrory,
|w   I..   .`]1    Eli.Cli   C    Io.lilM    `.     .I..11-1         N.   .11..I    lhi.    di5C.].`lii     of   ul..    iiil]ii    alion            Gi   n.   iul    El.cliic    loiip]iir    us.uiits    no    lio`i.lily    fo.    Pal.nl    Imf.iiigiiii..iil    a   lsin.I

hereii`   I.o.   lh..      .il..   of   lu.w  ,  b.   C..nf  ial   El.  c.iiL   Comp`]n/   convey.    ]ny   licl.ns.          ou.  of  onv   I ..,..   of  lnE   I  ibi.a  witli  olher  devic..s   or   elements  by  any  Pi/rchaser  of
iinder    pu.ant    cloim.    coveiin.I     c``iibiil`ton.     )f    lub..5    w.th    other    devices    or          lubesarolht.is

GENERAL ELECTRIC
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CHARACTERISTICS  AND  TYPICAL   OPERATION

AVERAGE   CHARACTERISTICS

Plate Voltage   .  .
Grid Voltage .  .
Cathode-Bias  Resistor    .
Amplification Factor   .
Transconductance .  .  .
Plate Current .  .

100                   150     Volts
0                             Volts

82     Ohms
90

11500             10500     Micromhos
9.0                   7.S     Milliamperes

FOOTNOTES

t  The  equipment  designer  should  design  the  equipment  so
that heater voltage is centered at the specified bogey value,
with heater supply variations restricted to maintain heater
voltage within the specified tolerance.

I  Heater current of a bogey tube at Ef = 6.3 volts.

§  Without external shield.

fl  One method of mounting the 8082 is to use a stainless-steel"T" bolt (see drawing) to attach the mounting base of the
tube to a chassis or circuit board.  The  "T" bolt should be

UHF   OSCILLATOR   SERVICE

Plate Voltage.
Grid  Resistor.
Plate Current.
Frequency
Grid Current
Power Output,

approximate

.150      Volts
7000     Ohms
.4.0     Milliamperes
450     Megacycles
0.5     Milliamperes

.100     Milliwatts

inserted  in  the  slot  in  the  base  of  the  tube,  turned   90
degrees,  and  attached to the  chassis  or  circuit  board  with
a 2-56 nut and lock washer. Torque used to tighten the nut
should not  exceed 3  inch-pounds.

#  Operation below the rated maximum envelope temperature
is   recommended   for   applications   requiring   the   longest
possible tube life.  The  8082  is  also  capable of operation  at
envelope  temperatures  much  higher  than  the  rated  maxi-
mum    value.    For    specific   recommendations    concerning
higher    temperature    operation,    contact    your    General
Electric tube  sales representative.

SPECIAL   PERFORJVLANCE   TESTS

Min.             Bogey            Max.
Grid Recovery

Change in Average Plate Current ....
Peak Plate Current Backswing

Tubes with poor grid recovery affect circuit operation when
the grid is driven positive by a pulse of signal or noise, some-
what  as if a parallel  RC  circuit were in series with the  grid.
This effect may occur in tubes of any type, but is unimportant
in many applications. In the majority of 8082 tubes the effect
is  negligible,  but  to  eliminate  the  few  in  which  it  may  be
excessive,  tubes  are  tested  under  the  following  conditions:
Ef=6.3  volts,  Ebb=250  volts,  RL=0.01  meg,  Ec  adjusted
for  lb = 3.0 rna.

Upon  application  to  the  grid  of  a-5-volt  positive   pulse
(prr=60  pps,  duty  factor=0.0012)   the  change  in  average
plate current is noted, and the peak plate current backswing
is  measured.  The following diagram shows  qualitatively the
plate  current-time  relationship  for  a  tube  (with  poor  grid
recovery)  subjected to this test.

0.6     Milliamperes
1.0     Milliamperes

PLATE   CuRRENT   VS.   TIME
-GRID-RECOVERY   TEST

Min.             Bogey            Max.
Pulse Cathode Current

Ef = 6.3 volts, Eb = 150 volts, Ec =  -10 volts.  Grid is driven  7 volts
positive with a pulse having a prr of 1000 pps and a duty factor of 0.01 ...... 90

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure of 8mm
Hg, to simulate an altitude of 100,000 feet. Tubes shall not give visual
evidence of flashover or corona when 300 volts RMS, 60 eps, is applied
between the plate and grid terminals.

Milliamperes
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DEGRADATION   RATE  TESTS

Fatigue
Statistical sample vibrated for a total of six hours, three hours in each of two planes, at a peak acceleration
of 10G. Frequency is  continuously varied  from  30 eps to 2000 cps and back to 30 cps, with a I)eriod of ten
minutes.  Tubes  are  mounted  by  T-bolt  with  3  inch-pounds  torque,  and  operated  during  the  test  with
Ef = 6.3 volts, Eb = 150 volts, and Rk = 82 ohms. Following the test, tubes are evaluated for low frequency
vibrational output,  heater-cathode leakage,  and heater current.

Shock
Statistical sample subjected to 5 impact accelerations of approximately 450G in each of four positions. The
accelerating  forces  are  applied  by  the  Navy-type,  High  Impact  (flyweight)  Shock  Machine  using  a  300
hammer angle.  Tubes are operated during the test with Ef = 6.3 volts,  Eb = 150 volts,  Ehk = +100 volts,
and Rk = 82  ohms.  Following the test,  tubes  are evaluated for low frequency vibrational  output,  heater-
cathode leakage,  and heater  current.

Stability Life Test
The  statistical  sample  subjected  to the  Dynamic  Life  Test  is  evaluated for  percent  change  in  zero-bias
transconductance of individual tubes, from the initial reading to readings following  2 hours and  20 hours
of the life test.

Survival Rate Life Test
The combined statistical samples subjected to the Dynamic and Pulse Life Tests are evaluated for shorted
and open elements following approximately  100 hours of life test.

Dynamic Life Test
Statistical  sample  operated,  with  a  60  eps  grid  signal,  at  maximum rated  DC  grid  current  and  cathode
current for a period of 1000 hours. Heater voltage is cycled (on 1 % hours, off }4 hour) . Tubes are evaluated,
following  500  and  1000  hours  of life  test,  for  shorted  or  open  elements,  heater  current,  zero-bias trans-
conductance, heater-cathode leakage, and interelectrode leakage resistance.

Pulse Life Test
Statistical  sample  operated with  120 rna peak  cathode  current,  0.01  duty factor,  for  1000 hours.  Heater
voltage  is  cycled  (on  194'  hours,  off  }4  hour).  Tubes  are  evaluated,  following  500  and  1000  hours  of life
test,  for  shorted  or  open  elements,  heater  current,  pulse  emission,  heater-cathode  leakage,  and  inter-
electrode leakage resistance.

Interface Life Test
Statistical sample operated for  1000 hours with Ef = 6.6 volts, no other voltages applied, and evaluated for
cathode interface resistance following the life test.

Heater-Cycling Life Test
Statistical  sample  operated  for  2000  cycles  minimum  to  evaluate  and  control  heater-cathode  defects.
Conditions of test include Ef = 7.0 volts  cycled for one minute on  and one minute off,  Eb =Ec = 0 volts,
and Ehk = 70 volts with heater positive with respect to cathode. Following this test tubes are evaluated for
open heaters,  heater-cathode shorts,  and heater-cathode leakage current.

Note :  The conditions for some of the indicated tests have deliberately been selected to aggravate tube failures
for test  and evaluation purposes.  In no sense should these conditions be interpreted as suitable circuit
operating conditions.
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AVERAGE  PLATE  CHARACTERISTICS
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© E58Eq5TrroNXGS 8083
METAL-CERAMIC   TRloDE

DESCRIPTloN   AND   RATING

e083
Page   1
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The   8083   is   a   high-mu  triode   of  ceramic-and-metal   planar   construc-
tion  primarily  intended  for  radio-frequency  amplifier  service from low fre-
quencies into the ultra-high frequency range.

GENERAL

ELECTRICAL

Cathode-Coated Unipotential
Heater Characteristics and Ratings
Heater voltage, AC or Dct .... 6.3 ±0.3
Heater  current± ..... 0.24
Direct lnterelectrode Capacitances §

Grid to Plate:  (g to p) .  .
Input: g to  (h+k) .  .
Output: p to (h +k) . .
Heater to Cathode:  (h .t; k) .1.5

MECHANICAL

Mounting Position-Any fl

MAXIMUM  RATINGS

ABSOLUTE-MAXIMUM   VALUES

Platevoltage ..... 250     Volts
Peak plate voltage ..... 400    Volts
Positive Peak and DC Grid-to-Cathode
Voltage ..... 0     Volts

Negative Peak and DC Grid-to-Cathode
Voltage .  .

Plate Dissipation .  .
DC Cathode Current .  ,
Heater-Cathode Voltage

Heater Positive with Respect to
Cathode.  .  .

Heater Negative with Respect to
Cathode .  . .

Grid-Circuit Resistance, with Fixed
Bias A .

Envelope Temperature at Hottest
Point# .

.50     Volts
.1.1     Watts

11     Milliamperes

..50     Volts

..50     Volts

0.01     Megohms

250C

Absolute-Maximum  ratings  are  limiting  values of operating all  other  electron  devices  in  the  equipment.
and    environmental    conditions    applicable    to   any    electron The   equipment    mcinufacturer   should    design   so   that   ini-
tube  of  cl   specified   type   cis   defined   by   its  published  data tially   and    throughout    life   no   cibsolute-maximum   vcilue   for

cind  should  not  be  exceeded  under the  worst  probable  condi- the   intended   service   is   exceeded   with   any   tube   under  the
lions. worst  probcible  operclting  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equip-
acceptable  serviceability  of  the  tube,  making  no  allowance ment   control    cldiustment,   load   variation,   signal    voricition,
for  equipment  variations,  environmental  variations,   and   the environmental   conditions,   and   variations   in   the   charcicteris-
effects  of  changes  in  operating  conditions  due  to  vciriations tics  of  the  tube  under  consideration  and  of  all  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

OENmAL © ELEc"Ic
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CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Plate Voltage .  . ..150     Volts

Grid voltage .....  +6.0    Volts
Cathode-Bias Resistor ...... 910     Ohms
Amplification Factor ...... 94

Plate Resistance,  approximate. . .
Transconductance .  .
Plate Current .  .
Grid Voltage, approximate

Ib = loo  Microamperes. . .

FOOTNOTES

t  The  equipment  designer  should  design  the  equiprient  so
that heate.r voltage is centcred at the specified bogey value,
with heater supply variations restricted to maintain heater
voltage within the specified tolerance.

I  Heater current of a bogey tube at Ef = 6.3 volts.
§  Without external shield.
fl  One method of mounting the 8083 is to use a stainless-steel"T" bolt  (see drawing) to attach the mounting base of the

tube to a chassis or circuit board.  The  "T" bolt should be
inserted  in  the  slot  in  the  base  of  the  tube,  turned  90
degrees, and attached to the chassis or circuit board with a
2-56 nut and lock washer.  Torque used to tighten the nut

..9000     Ohms

.10500     Micromhos
...7.2     Milliamperes

.  -2.2     Volts

should not exceed 3 inch-pounds.

Alf resistance  is  used  in  the  cathode  or  plate  circuits,  the
grid-circuit resistance may be as high as ( 10000 + loo RK +
10RL)  ohms,  where  RK  is  the  cathode-bias  resistance  in
ohms, and RL is the DC plate load resistance in ohms.

#  Operation below the rated maximum envelope temperature
is   recommended   for   applications   requiring   the   longest
possible tube life.  The 8083 is also capable of operation at
envelope temperatures  much  higher than the rated maxi-
mum   value.   For   specific   recommendations   concerning
higher    temperature    operation,    contact    your    General
Electric tube sales representative.

SPECIAL   PERFORMANCE  TESTS

Noise Figure
Ef = 6.3 volts, Ebb = 250 volts, Rk = 82 ohms, RL = 18000 ohms, F = 200 mc

Grid Recovery
Change in Average Plate Current .  .
Peak Plate Current Backswing. . .

Tubes with poor grid recovery affect circuit operation, when the grid i§
driven positive by a pulse of signal or noise, somewhat as if a parallel RC
circuit were in series with the grid. This effect may occur in tubes of any
type,  but is unimportant in many applications.  In the majority of 8083
tubes  the  effect  is  negligible,  but  to  eliminate  the  few  in  which  it  may
be excessive, tubes are tested under the following conditions : Ef = 6.3 volts,
Ebb = 250 volts, RL = 0.01 meg, Ec  adjusted for Ib = 3.0 rna.

Upon  application  to  the  grid  of a  5  volt  positive  pulse  (prr =60  pps,
duty factor = 0.0012) the change in average plate current is noted, and the
peak plate current backswing is measured.  The following diagram shows
qualitatively  the  plate  current-time  relationship  for  a  tube  (with  poor
grid recovery)  subjected to this test.

Maximum

.      5.5     Decibels

0.6    Milliamperes
1.0    Milliamperes

PLATE   CuRRENT   VS.   TIME
-CRID   RECOVERY  TEST
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SPECIAL  PERFORMANCE  TESTS  (Continued)

Low Pressure Voltage Breakdown Test
Statistical Sample tested for voltage breakdown at  a pressure of 8mm
Hg, to simulated an altitude of 100,000 feet. Tubes shall not give visual
evidence of flashover or corona when 300 volts RMS, 60 cps, is applied
between the plate and grid terminals.

DEGRADATION   RATE  TESTS

Fatigue

Statistical sample vibrated for a total of six hours, three hours in each of two planes, at a peak acceleration
of loG. Frequency is continuously varied from 30 cps to 2000 eps and back to 30 cps, with a period of ten
minutes. Tubes are operated during the test with Ef = 6.3 volts, Eb = 150 volts, and Rk = 82 ohms. Follow-
ing the test, tubes are evaluated for low frequency vibrational output, heater-cathode leakage, heater cur-
rent, and transconductance.

Shock

Statistical  sample  subjected to  5  impact  accelerations  of approximately  450G  in  each  of four  positions.
The accelerating forces are applied by the Navy-type, High Impact (flyweight) Shock Machine using a 30°
hammer  angle.  Tubes  are mounted by T-bolt with  3  inch-pounds torque,  and operated during the test
with  Ef = 6.3  volts,  Eb = 150  volts,  Ehk = +100  volts,  Rg = 0.1  Meg,  and  Rk =82  ohms.  Following the
test,  tubes  are  evaluated  for low frequency  vibrational  output,  heater-cathode leakage,  heater  current,
and transconductance.

Stability Life Test

The statistical  sample subjected to the  Intermittent Life Test is evaluated for  percent change in trans-
conductance of individual tubes,  from the initial reading to readings following  2  hours and  20 hours of
the life test.

Survival Rate Life Test

The statistical sample subjected to the Intermittent Life Test is evaluated for shorted and open elements
and transconductance following approximately  100 hours of life test.

Intermittent Life Test

Statistical sample operated for  1000 hours under the following conditions: Ef = 6.3 volts  (cycled-on  19<
hours,  off  }{  hour),  Eb = 150 volts, Eec = +6.0 volts, Ehk =  -70  volts  d-c,  Rk = 910 ohms,  and Rg = 0.1
meg. Tubes are evaluated, following 500 and 1000 hours of life test, for shorted and open elements, heater
current, transconductance,  heater-cathode leakage,  and interelectrode leakage resistance.

Interface Life Test

Statistical sample operated for  1000 hours with Ef = 6.6 volts, no other voltages applied, and evaluated for
cathode interface resistance following the life test.

Heater-Cycling Life Test

Statistical  sample  operated  for  2000  cycles  minimum  to  evaluate  and  control  heater-cathode  defects.
Conditions of test include Ef = 7.0 volts cycled for one minute on and one minute off, Eb =Ec = 0 volts,
and Ehk = 70 volts with heater positive with respect to  cathode. Following this test, tubes  are  evaluated
for open heaters, heater-cathode shorts, and heater-cathode leakage current.

Note:  The conditions for some of the indicated tests have deliberately been selected to aggravate tube failures
for test and evaluation purposes.  In no sense should these conditions be interpreted as suitable circuit
operating conditions.
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AVERAGE   PLATE  CHARACTERISTICS

\qo~ / II.y /

/Q i,/ E f= RAT £D yAL Uf

//
\,

/ // 0tw`

/ / /// / / b;v.

/ // / / 0•7/ // / // i.,/ Ill/ / / b#/ 1
A

'6.a

/ .0

0100

K-556  I  I-TD loo-I

200                                  300                                 400                                  500
PLATE    VOLTAGE     IN    VOLTS

AVERAGE  TRANSFER   CHARACTERISTICS

FEBRUARY      12,       1960

2

\9`1

1150

I i-- RA TED yAL „E
`oO

`

®

\6Q

/
\oO

fao

-3.5                     -3.0                     -2.5                      -2.0                    -1.5                     -1.0                     -0.5.                      0

K-5561  I-TD loo-2 GBID     VOLTAGE      IN     VOLTS
FEBRUAf}Y      12,       1960

I
I
I
I
I
I
I
I
I



I
I

i+

I
I
I
I
I
I
I
I
I
I

20

AVERAGE  CHARACTERISTICS

\\

\\ Ef RAT EO VAL UE

\\
\\
\\ \

00 OL S Ll / 50 ZOO

\ \ E.b
>1 11.

\ \\
\ / 00 ' 50 6 in

200
'/ 3

/ / \\\
/ 00 / 50 fb - 200 yo LTS A P/

0                                  2                                 4                                  6                                  8                                 10                                12                               14

K-5561  I-TD loo-3
PLATE     CURRENT      IN     MILLIAMPERES

FEBBUARY      12,        1960

8083
Page  5

10-62



RECEIVING  TUBE   DEPARTMENT

GENERAL ©  ELECTRIC
Owensboro, Kentucky



DESCRIPTION  AND   RATING             CL-625 I
ET-TI I 65A

TETR®DE
25-KILOWATTS   VHF   TELEVISION   OUTPUT                              WATER   COOLED

VHF   TETRODE

CROUNDED-GRID   CIRCUITS

The   GL-6251   is   a   four-electrode,   water-and-
forced-air-cooled  transmitting  tube  for  use  as  a
power  amplifier  or  oscillator  in  grounded-grid  cir-
cuits   with   both   grids   maintained   at   radio-fre-
quency  ground  potential.   The   output   circuit  is
connected between the anode  and the screen grid.
The  anode  is  capable  of  dissipating  twenty-five
kilowatts.   The   cathode   is   a   thoriated-tungsten
filament. Maximum ratings apply up to 220 mega-
cycles.

In  Class  8  grounded-grid  broadband  television
amplifier service this tube has a useful synchroniz-

GENERAL

METAL   AND   CERAMIC

CAIN   IN   EXCESS   OF   10

ing peak-power output of twenty-five kilowatts at
220 megacycles. Because of its ratings, the tube is
also well adapted to use in dielectric-heating equip-
ment.

High  operating  efficiency  is  assured  because  of
the  close  spacing  of the  tube  electrodes,  the  ring-
seal  construction,  and  the  low-loss  factor  due  to
the  silver-plated  external  parts  and  the  ceramic
insulator. The ring-seal design permits quick plug-
in   installation.   In   addition,   the   grounded-grid
construction eliminates the necessity for neutraliza-
tion in a properly designed circuit.

ELECTRIC

P.ge  I
9-57
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CENERAL
El®c',ical

® Filament Voltage
Filament Current at 5.5 Volts
Filament Starting Current
Filament Cold Resistance
Filament Heating Time
Amf)lification Factor, G2 to Gi

Eb = 1000  Volts,  Ib =0.I  Amperes
Peak Cathode Current *
Direct lnterelectrode Capacitances§

Grounded-Grid Circuit
Cathode-Platet

TECHNICAL  INFORMATION

Minimum
5.1

Bogey                Maximum
5.5              5.75   Volts
190....Amperes

360   Amperes
0.004....Ohms

.  .    Seconds

20
30   Amperes

0.06....4„f
15....plJf

27....plrf

M®chanical
Mounting Position~Vertical, anode down
Net Weight, approximate

Thermal
Type of Cooling-Water and Forced Air

Water Cooling
Water Flow

Water Pressure
Pressure Drop at Rated Flow, approximate
Outlet Water Temperature

Air Cooling
Air Flow

Anode Seal
Filament Seal
Grid-to-Grid Seal

Ceramic Temperature
I Seal and Terminal Temperature

MAXIMUM   RATINGS   AND   TYPICAL   OPERATION
RADIO-FREQUENCY   AMPLIFIER-CLASS   a   TELEVISION   SERVICE
Syncl\ronizing-Level  Conditions  Per  Tube  unl®sS  OIherwise  Specified

Maxjmiim  Ratings,  Absolulo  V.lu®s
DC Plate Voltage

® DC Grid-No.  2  Voltage
DC Plate Current
Plate Input
Grid-No.  2 InputI

© DC Grid-No.  2 Current
Pedestal Level

Plate Dissipation
Grid-No.  1  Dissipation

® DC Grid-No.  1  Current

Typical  Op®ralion-rounded-Grid  Circuil  tip 1®  216  M®9ocycles
Bandwidth 7 Megacycles,  1  Decibel Voltage

DC Plate Voltage
® DC Grid-No.  2 Voltage//

DC Grid-No.  I  Voltage
Peak RF Plate Voltage

Synchronizing Level
Pedestal Level

Peak RF Driving Voltage
Synchronizing Level
Pedestal Level

15             Pounds

12 Min    Gallons per Minute
80 Max  Pounds per Square Inch
13            Pounds per square Inch
70 Max   C

30 Min   Cubic Feet per Minute
15 Min   Cubic Feet per Minute
10 Min   Cubic Feet per Minute

200 Max   C
180 Max   C

7000 Max   Volts
700 Max   Volts

8 Max   Ampercs
50 Max   Kilowatts

350 Max  Watts

0.200 Max   Amperes
25 Max   Kilowatts

150 Max   Watts
1.0 Max   Amperes

6800              Volts
60 0              Volts

-20            Volts

4800             Volts
3600              Volts

350              Volts
250              Volts



I
I
I
I
I
I
I
I
I
I
I
I

Typical  Oporali®n  (C®nt'd)

DC Plate Current
Synchronizing Level
Pedestal Level

DC Grid-No.  2  Current//
Pedestal Level

DC Grid-No.  1  Current
Synchronizing Level
Pedestal Level

TECHNICAL  INFORMATION   (CONT'D)

Driving Power at Tube, approximate
Synchronizing Level
Pedestal Level

Power output, approximate fl
Synchronizing Level.  .  .
Pedestal Level

7. 5              Ampere§
5. 8             Amperes

0.05              Amperes

0. 90             Amperes
0. 5 5              Amperes

2.3             Kilowatts
1.3             Kilowatts

2 5             Kilowatts
1 s             Kilowatts

GL1625'
ET.Tl 165A

Png. 3 I
5-59

*  Maximum usable cathode current (plate current plus current to each grid) for any condition of operation.

§  Control grid and screened grid are connected together.
t  Measured with 12-inch diameter flat metal disk attached to the screen-grid terminal and grounded.
I  Calculated from characteristic curve only. This value includes dissipation transferred from driving power. Maximum allow-

able screen input a§  indicated by  measured  d-c current  and voltage is much lower because  of  secondary  screen  e-mission.
//DC Grid-No. 2 voltage and current should be held at the minimum values consistent with proper circuit operation. Negative

values of screen current are frequently encountered but are not detrimental.
fl  Useful power output including power transferred from driver stage.
® Denotes a change.
EDenotes an addition.

CONSTANT   CURRENT   CHARACTERISTICS
SCREEN   VOLTAGE=700   VOLTS,   CONTROL-GRID   CROUNDED

ELECTRODE   VOLTAGES   MEASURED   TO   GROUND
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NOTE   I:   MATES   WITH   WIGCINS   SOCKET   NO.   BC-323B   OR   EQUIVALENT.

E.   B.   WIGGINS   OIL   TOOL   COMPANY,   INC.,   LOS   ANGELES,  CALIFORNIA

GENERAL ©  ELEOTRlo
POWER   TUBE   DEPARTJVLENT

Scheneclady 5, N. Y.
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®L-6848

TETR®DE
VHF-UHF

RING-SEAL  CONSTRUCTION

CROUNDED-GRID  CIRCulT

The GL-6848 is a four-electrode trans-
mitting   tube    featuring    a    metal-and-
ceramic   envelope   for   use   as   a   power
amplifier  or  oscillator  in   grounded-grid
circuits  with  both  grids  maintained  at
radio-frequency   ground   potential.   The
output  circuit  is  connected  between  the
anode and the screen  grid.  The anode is
capable of dissipating 2 kilowatts. Cooling
is  accomplished  by  forced  air  with  the
radiator  an  integral  part  of  the  anode.
The  cathode is  a  unipotential thoriated-

Eleclricol

Minimum    Bogey    Maximum
Cathode

Heater Voltage
Heater Current at 7.0 Volts

Without Cathode Born-
bardir,g. .  .

With  I S0 Watts  Cathode
Bombarding......

Heater starting current...     =
Heater Cold Resistance. . .
Cathode Bombarding

Power *   ....
Cathode Bombarding Voltage, DC

For  170 Watts Bombard-
ing Power .  .  .

For  195 Watts Bombard-
ing Power. . .

Cathode Heating Time...          1
Amplification   Factor,   G2   to

Gi,  Eb=4000  volts,  Ib=0.5
Ampere .  .  .

Peak Cathode Currentt . . .
Direct lnterelectrode Capacitances

Cathode to Plate§ .....
Input, G2 tied to G| . . .
Output,  G2 tied to Gi q .I  ..  :

6.7              7.0     Volts

14.5             -    Ampcres

13.5             -    Amperes
25     Amperes

0.041             -    Ohms

170             195     Watts

650           -    Volts

700            -    Volts-   Minutes

20

6    Amperes

0.01            -    „„f
27.8            -    uu[
6.4             -     Ilprl

FORCED-AIR  COOLED

METAL   AND   CERAMIC

tungsten   cylinder,   heated   by   electron
bombardment.  Maximum  ratings  apply
up  to  800  megacycles,  although  higher
frequency operation is possible.

In  narrow  band,  Class  C,  grounded-
grid,   amplitude-modulated   service,   the
GL-6848  has  a  useful  carrier-power  out-
put in excess of one kilowatt.  In Class C
Telegraphy, it has a useful power output
of  3.0  kilowatts  of continuous  power  as
an  amplifier or oscillator.

Mechanical
Mounting Position-Vertical, Anode-end Up
Net Weight. approximate.  .  . .      6.0 Pounds

Thermal
Type of Cooling-Forced Air
Air Flow

Through Radiator
Percentage

Rated Plate
Dissipation..loo       80       60  Percent

AirFlow ...... 120       70       48  CubicFeetperMinute
Static  pressure.  3.21.5      0.8  Inches

Screen-grid    to    Control-grid
Seals ......   15  Min cubic Fcct per Minute

Heater-to-Cathode  Seals ..,..  7.5  Min Cubic Feet per Minute
Anode ceramic .....   10  Min cubic Feet per Minute

Incoming  Air  Temperature.
Anode  Hub  Temperature
Ceramic Temperature  at Any  Pot nt.
Temperature  at Any  Other  Point.  .

Forced-air cooling to be applied  before and  during the application of
any  voltage.   Air   flow  on   heater-to-cathode  seals  must  be  maintained
for  one  minute  after  removal  of  heater  voltage.  The  air  duct  can  be
constructed   so   that  air  is   forced   along  the  anode  seal   and  ceramic

:#eg:::t.I:;bo:o:ignge.::o:;:??i,i:-g:.:;ft;?,i::v:aF.,!!;:.nhgl:::nenf:lser:c;ii;I::,-a.a::
cavity  about  the  tube.
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PLATE  MODULATED   RADIO-FREQUENCY  AMPLIFIER-CLASS   C  TELEPHONY

Carrier  Conditions  With a  Maximum  Modulati®n  Factor  of 1.0,  Screen  Modulalion  Rapuired

M.ximum  Ralings,  Abs®1Lll®  Value.
DC Plate Voltage
DC  Grid-No.  2  Voltage. .  .
DC  Grid-No.1  Voltage. . .
DC Plate Current .  .  .
DC  Grid-No.  I  Current.  .  .
Plate Input
Cirid-No.  2  Input
Plate Dissipation

4500     Volts
S00     Volts

-120    Volts
0.80     Ampere

0.120     Ampere
3.60     Kilowatts

25    Watts
2.0     Kilowatts

Typi.®I  Op.'®'i®n
Grounded-grid Circuit at 400 Megacycles

DC Plate Voltage . . .
DC Grid-No.  2  Voltage. . .
DC  Grid-No.  1  Voltage .....
Peak RF Plate Voltage . . .
Peak RF Driving Voltage ....
DC Plate Current .  .  .
DC  Grid-No.  2  Current .......

4000    Volts
400    Volts

-loo    Volts
2500     Volts

120     Volts
..  0.570     Ampere
..  0.020     Ampere

DC  Cirid-No.  I  Current, approximate.  .  .  0.100    Ambcrc
Driving power, approximate ....     loo    Watts
Power Output# 1250     Watts
Output circuit Efficiency...                               90    Percent
Cathode Bombarding power*..                  .165    Watts
Cathode Bombarding voltage.  approx...     630    Volts
Cathode Bombarding Current, approx. .  .  0.260    Ampere

RADIO-FREQUENCY  AMPLIFIER   AND   OSCILLATOR-CLASS  C  TELEGRAPHY

Key  Down  Condilions  per  Tube  Wilhoul  ^mplilird®  M®dulali®n

M-ximum  Ro.ings,  Ab.oltJl®  Value.
DC Plate Voltage
DC Grid-No.  2  Voltage
DC Plate Current
Plate Input
Grid-No.  2  Input

Typical  Op®roli®n

Grounded-grid Circuit at 400 Megacycles
DC Plate Voltage. . .
DC  Cirid-No.  2  Voltage. .  ,
DC  Grid-No.  1  Voltage. .  .
Peak RF Plate Voltage, approxi-

Peak  RF Grid-No.1  Voltage.
DC  Plate Current .  .  .
DC  Grid-No.  2  Current .  .  .
DC  Grid-No.  1  Current .  .  .
Driving Power, approximate .
Power Output, approximate#
Output Circuit Efficiency . .
Cathode Bombarding Power * .
Cathode Bombarding Voltage,

approximate .  .  .
Cathode Bombarding Current.

approximate .  .  .

4500       6S00     Volts
600          700     Volts

-120     -100    Volts

3000          -    Volts
140          140     Volts
0.6           0.8     Ampere

018      0.025     Ampere
080      0.100     Ampere
100         100     Watts
800       3200     Watts
90           90    Percent

160          16S     Watts

.      610          630     Volts

..  0.260      0.260     Ampcre

Plate Dissipation
DC Grid-No.  1  Voltage
DC Grid-No.  I  Current

Grounded-grid Circuit at 800 Megacycles
DC Plate Voltage
DC Grid-No.  2  Voltage. . .
DC  Grid-No.  1  Voltage. . .
Peak RF Plate Voltage, approximate. . .
Peak RF Grid-No.  I  Voltage. . .
DC Plate Current .  .  .
DC Grid-No.  2  Current .  .  .
DC Grid-No.  1  Current .  .  .
Driving Power, approximate .  .  .
Power Output, approximate#. . .
Output Circuit Efficiency . .  .
Cathode Bombarding Power* .  .

2.0     Kilowatts
120     Volts

0.150     Ampere

4500     Volts
600    Volts

-120    Volts
3000     Volts

140     Volts
0.6    Ampere

..  0.018     Ampere

..  0.080     Amperc
90    Watts

..1250     Watts
83    Percent

.      150     Watts
Cathode Bombarding voltage, approximate    600    Volts
Cathode Bombarding current, approximate o.250    Ampere
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*  The cathode of the GL-6848, because of transit-time effects which raise the temperature of the cathode, is subjected to considerable
back  bombardment in ultra-high-frequency service.  The  amount of heating  due to bombardment is a  function of the  operating
conditions and frequency, and must be compensated for by a reduction of the cathode power input to prevent overheating of the
cathode  with resulting  short life.  In  any case it is important  from a tube life standpoint to keep the cathode power at as low a
level as possible consistent with required performance. Bombarder power should be monitored by a suitable wattmeter or DC volt-
meter and milliammeter arrangement. For long life, the  tube should be put in operation with about 180 watts bombarding power.
After the circuit has been adjusted for proper tube operation, bombarding voltage should be reduced to a value slightly above that
at which circuit performance is affected. Minor circuit readjustment may bc necessary after the above adjustment. The procedure
for determining proper bombarding power should be repeated periodically.

I  Represents maximum usable cathode current.(plate current plus current to each grid) for any condition of operation.

§  Measured with complete isolation between cathode and plate.

T[ Output capacitance measured between anode and screen grid. Control grid connected directly to screen grid.

#  Useful power output including power transferred from driver stage.
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DESCRIPTION  AND  RATING               GL-6942

TETR®DE
ONE   KILOWATT   UHF   TELEVISION   OUTPUT             FORCED-AIR   COOLED

UHF   TETRODE                                                                              METAL   AND   CERAMIC

CROuNDED-GRID   CIRCulTS                                                 INTEGRAL   RADIATOR

THORIATED-TUNCSTEN  CATHODE

The  GL-6942   is  a  four-electrode  transmitting
tube  featuring  a  metal-and-ceramic  envelope  de-
signed for use as a power amplifier or oscillator in
grounded-grid circuits with both grids maintained
at  radio-frequency  ground  potential.  The  output
circuit  is  connected  between  the  anode  and  the
screen grid. The anode is capable of dissipating one
and one-half kilowatts. Cooling is accomplished by
forced air with the radiator an integral part of the
anode.  The  cathode  is indirectly heated thoriated
tungsten.   Maximum   ratings   apply   up   to  1000
megacycles.

When used  as  a  Class  8  grounded-grid broad-
band  television  amplifier  this  tube  has  a  useful
synchronizing  peak-power  output  of one  kilowatt

ET-T11384A

PAGE   I
6-58

at 900 megacycles; in narrow band Class C service
the output is one kilowatt of continuous power as
an amplifier or oscillator. Because of its ratings, the
tube is also well adapted to use in dielectric-heating
equipment.

High  operating  efficiency  is  assured  because  of
the  small  size  and  close  spacing  of the  tube  elec-
trodes, the ring-seal construction, and the low-loss
factor due  to  the silver-plated  external parts  and
the ceramic insulators.  In addition, the grounded-
grid   construction   eliminates   the   necessity   for
neutralization  in a properly designed  circuit.  The
small size of the GL-6942 permits compact mount-
ing,  and  the  ring-seal  construction  allows  quick
plug-in installation.

GENERAL ©  ELECTRIC
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GENERAL
E'®c'|.ical

Heater Voltage *
Heater Current at 5.7 Volts
Heater Starting Current
Heater Cold Resistance
Cathode Heating Time

TECHNICAL  INFORMATION

Minimum         B®9ey           Maximum
5.7                6.0     Volts

22                 24                 26     Amperes
36    Amperes

0.02                    .     Ohms

Amplification Factor, G2 to Gi
Eb=2000  Volts,  Ib=0.200  Ampere,  Ec2=475  Volts ...........           12
Peak Cathode Currentt
Direct lnterelectrode Capacitances

Cathode to Plate±
Input, G2 tied to Gi
Output, G2 tied to G] §

M®ch®nical

M ounting Position-Vertical
Net Weight, approximate

Tl,®rmal

Air FlowTI
Through Radiator-See drawing for air duct form on page 4.

Plate Dissipation
Air Flow
Static Pressure
Heater-to-C athode Seals
Screen-Grid to Control-Grid Seals
Anode to Screen-Grid Ceramic Insulator .

Incoming Air Temperature
Radiator IIub Temperature at Fin Adjacent to Anode Seal
Ceramic Temperature at Any Point

.     Minutes

22

3.0    Amperes

1. 5               Kilowatts
60 Min     CubicFeet per Minute
1.5              Inches water

8 Min     CubicFeet perMinute
4 Min     Cubic Feet per Minute
6 Min     Cubic Feet per Minute

180Max    C
200Max    C

Forced-air cooling to be applied before and during the application of any voltages. Forced-air cooling must be main-
tained for one minute after the removal of all voltages.

MAXIMUM   RATINGS   AND   TYPICAL   OPERATING   CONDITIONS
RADIO-FREQUENCY  AMPLIFIER-CLASS   a  TELEVISION   SERVICE
Syn¢hionizing-Level  Conditions  per  Tube  unless  Olher`^iise  Specified

Maximum  Rglings,  Absolulo  Values
DC Plate Voltage
DC Grid-No. 2 Voltage
DC Plate Current
Plate Input
Grid-No.  2 Input
Plate Dissipation

Typic.I  Op®ralion-round.d-Grid  Circuil  lip lo  9cO M®gacycl®s
Bandwidth 6 Megacycles, measured to 1 decibel point
DC Plate Voltage .....
DC Grid-No. 2 Voltage
DC Grid-No.  1 Voltage .
Peak RF Plate Voltage

Synchronizing Level
Pedestal Level

Peak RF Driving Voltage
Synchronizing Level .  .  .
Pedestal Level

DC Plate Current
Synchronizing Level
Pedestal Level

DC Grid-No. 2
Pedestal Level

DC Grid-No.  1 Current
Synchronizing Level .
Pedestal Level ......

4000 Max    Volts
600 Max    Volts
0.7 Max    Amperes
2.5 Max    Kilowatts
25Max    Watts

1.5 Max    Kilowatts

3500                Volts
500               Volts

-40              Volts

2 S00                Volts
1875                Volts

110                Volts
70               Volts

0.520               Amperes
0.3 60               Amperes

.. 0.035                Amperes

0.110                Amperes
0.035               Ampercs
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TECHNICAL  INFORMATION  (CONT'D)

Driving Power at Tube, approximate
Synchronizing Level .  .  .
Pedestal Level

Power Output, approximate¢
Synchronizing  Level
Pedestal  Level

100                Watts
2 5               Watts

.1000                Watts
560               Watts

PLATE-MODULATED   RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   C   TELEPHONY
Carrier  Conditions  wilh  a  Maximum  Madulalion  Faclor  of  I.0

Maximum  Ralings,  Absolute  Values
DC Plate Voltage .  .  .
DC Grid-No.  2 Voltage .
DC Grid-No.  1  Voltage .
DC Plate Current ....
DC Grid-No.  1  Current
Plate Input.  .  .
Grid-No.  2 Input
Plate Dissipation

Typical  Operation,  Crounded-Grid  Circuil  up  lo  900  M®gacycles
DC Plate Voltage
DC Grid-No.  2 Voltage.  .
DC Grid-No.  1  Voltage .  .
Peak RF Plate Voltage. . .
Peak RF Driving Voltage .
DC Plate Current
DC Grid-No.  2 Current
DC Grid-No.1  Current,  approximate.  .  .
Driving Power, approximate.
Power Output¢

.3200  Max     Volts

..600Max     Volts
-120Max    Volts
.0.35 Max     Amperes
0.10 Max    Amperes

.1.12  Max     Kilowatts
...10Max    Watts
.1200Max     Watts

3 00 0               Volts
.. 500                 Volts
-100              Volts
. 2300                Volts
..137                  Volts
. 0.25                Amperes
. 0.01                 Amperes
0.047               Ampercs

3 8              Watts
565               Watts

RADIO-FREQUENCY   POWER   AMPLIFIER   AND   OSCILLATOR-CLASS   C   TELEGRAPHY
Key-Down  Conditions per Tube wilhoul  Amplitude  Modulalion I

Maximum  Ralings,  Abs®[L.lo  Va[u®s
DC Plate Voltage
DC Grid-No. 2 Voltage
DC Grid-No.  1 Voltage
DC Plate Current
DC Grid-No. 1 Current
Plate Input
Grid-No. 2 Input
Plate Dissipation

Typical  Operation -Croiinded-Grid  Circuit al  1000  Megacyles*,  I/4 \  Oulpul

DC  Plate  Voltage
DC  Grid-No.  2  Voltage
DC Grid-No.  1  Voltage
DC  Plate  Current
Ire Grid-No. 2 Current
DC Grid-No.  1  Current, approximate
Driving  Power,  approximate
Power Output, useful ¢

4000 Max    Volts
600 Max    Volts

-150 Max    Volts
0.7 Max    Amperes

0.10 Max    Amperes
2.5 Max    Kilowatts
25 Max    Watts
1.5 Max    Kilowatts

4000                 Volts
5 00                  Volts

-110                Volts
0.042                 Amperes
0.011                   Amperes
0.0 5 5                  Amperes

6 5                 Watts
1000                Watts

*  The cathode of the GL-6942 because of transit-time effects which raise the temperature of the cathode, is subjected to con-
siderable back bombardment  in  ultra-high-frequency service.  The amount of heating due to bombardment is a function of
the operating conditions and frequency, and must be compensated for by a reduction of the heater input to prevent over-
heating of the cathode with resulting short life. For long life, the GL-6942 should be put in operation with rated heater voltage.
After the circuit has been adjusted for proper tube operation the heater voltage should be reduced to a value slightly above
that at which circuit performance is affected. At a frequency of 900 megacycle§ and with typical  operating conditions the
heater voltage can  be reduced to  approximately  5.3  volts.  At  lower  frequencies,  the  reduction  will  be less.  Minor  circuit
readjustment may be necessary after this adjustment.
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TECHNICAL  INFORMATION  (CONT'D)

t  Represents maximum useable cathode current (plate current plus current to each grid) for any condition of operation.
I  Measured with complete external shielding between cathode and anode.
§  Output capacitance measured between anode and screen grid.  Control grid connected directly to screen grid.
fl The  volume of cooling air indicated  for  the  various seals i§  for  sea-level  conditions  and approximate only.  Distribution of

cooling air will vary with the cavity configuration about the tube. For most satisfactory operation the maximum temperature
of any point on the tube should be below  200 C.

¢  Useful power output including power transferred from driver stage.
•  The carrier of the driver modulated loo percent.
^Modulation essentially negative may be used if the positive peak of the envelope does not exceed  115 percent of the carrier

conditions.

t

BLOWER   DUCT

A'RINPUT       =

TOP   VIEW

i8B'FL°ARTE

SIDE   VIEW  (WITH  TUBE   IN  PLACE)

8-29-5€
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®L-,399
TETRODE

PULSED   SERVICE
CROUNDED-GRID   OPERATION

INTEGRAL   RADIATOR

The   GL-7399   is   a   small-size,   four-
electrode   transmitting   tube    especially
designed for pulsed-amplifier or -oscillator
service    at    L-band    frequencies.     This
tetrode is particularly well  suited for use
in airborne or ground-based radar equip-
ment.

The tube is capable of providing useful
output at frequencies up to approximately
1500 megacycles.

Features  of the  GL-7399  include  long

Eleclrical

Mini-               Maxi.
mum  Bogey mt.in

Heatervoltage(SeeNote  1) ...-     6.3     6.8       Volts
Heater current ....     5.6                   Amperes
Amplification .  .  .

Factor,  G2  to  Gi .....    10.5
Eg2 = 275 Volts DC, Eb = 1000 Volts DC,

Ib = 200 Milliamperes DC
Cathode Heating Time...                       1
Direct Interelectrode Capacitances *

Cathode to platet ...... 0.012

Mechanical
Mounting Position-Any
Net Weight .  .  .

Minute

4'„f
„„f
„4,f

1.0                    Pounds

CL-7399
ET-T159®C
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FORCED-AIR   COOLED
METAL   AND   CERAMIC

life and reliability, long pulse width, high
peak power and high gain, broad-banding
capability,  and  resistance  to  shock  and
vibration.

These together with such design factors
as    an    oxide-coated    cathode,     coaxial
elements, and metal-ceramic construction
make the tube well adapted to application
in   modern   systems  where   performance
and reliability are important.

Thermal

Cooling-Forced AirI
Radiator§

Plate Dissipation .  .  .
Air Flow, 45 C incoming air
temperature. . .

Static Pressure, approximate
anode  at  room  tempera-
ture.  .  .

Anode Hub. i.emper'a.tiire^
Seals

Screen   and   Control   Grid,
approximate

Heater   and   Cathode,   ap-
proximate

Ceramic  Temperature  at  any

500    400    300    Watts

17.012.0      6.5     MincubicFeet
per Minute

0.9      0.5      0.2     Inches-Water
...250     Maxc

1     Cubic Foot
per Minute

1     CubicFoot
per Minute

200    Maxc

RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   8

Maximl.in  Ratings
Plate- and Screen-Grid Pulsed,  500 Megacycles

DC plate voltage, duringpulse ....... 10     Kilovolts
DC plate current, during pulse ...... 10    Amperes
DC Grid-No.  2  Voltage, during pulse. . . 2000     Volts

P|:teGE;?s-sTpo;,:.:n£Tt+..                    :. i55   W:::s
DC Grid-No.  1 Voltage, not pulsed ....- 175    Volts
DC Grid-No.  1  Current, during pulse .... 2.5    Amperes
Pulse Width Yt 15     Microseconds
Duty Factor Y¢ ....... 0.0012

Typical  Operolion
Grounded-grid Circuit,  500 Megacycles

DC Plate Voltage, during pulse ..... 9    Kilovolts
DC  Grid-No.  2  Voltage,  during pulse. . .1400    Volts
DC Grid-No.1 Voltage, not pulsed ....- 125     Volts
Peak  RF plate voltage ........... 7000     Volts
Peak RF Grid Voltage .  .  .
DC Plate Current, during pulse .....
DC Grid-No.  1  Current, during pulse
DC Grid-No.  2  Current, during pulse
Driving Power at Tube, during pulse
Power Output, during pulse (useful).
Pulse Width . .
Duty Factor

300     Volts
.9.2     Amperes
.1.1     Amperes
0.47     Amperes
.2.6     Kilowatts
..52     Kilowatts

15    Microseconds

Note 1 : Because the temperature of the cathode is increased by back bombardment of electrons at UHF, required heater voltage for
optimum life decreases with increasing frequency. The amount of heater-voltage reduction is dependent on operating condi-
tions. Howeverl, this voltage should not be less than 5.5 volts.

GENERAL © ELECTRIC
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Maximum  Reling.

Pulsed Drive,  1250 Megacycles
DC Plate Voltage

RADIO-I=REOUENCY   POWER   AMPLIFIER-CLASS   C

5     Kilovolts
DC plate current, during pulse ...... 6    Amperes
DC  Grid-No.  2  Voltage ...... I.1     Kilovolts
DC Grid-No.  2  Input ........ 5     Watts
DC Grid-No.  I  Voltage ......- 225     Volts
DC Grid-No.1  Current.  .  .
Plate Dissipation .  .  .
Pulse Width Y.
Duty Factor Y¢¢

...1.5     Amperes
...500     Watts

15     Microseconds
0.01

Typical  Op®ralion

Grounded-grid  Circuit  at  1100  Megacycles,  9<^ Output  Circuit

Bg ::::: !:itraeEet:*d.uring pulse.            : :::g   xiop:::tss
DC  Grid-No.  2  Voltage ........ 1     Kilovolt
DC Grid-No.  2  Current, during pulse .... 100    Milliamperes
DC Grid-No.  1  Voltage ......- 200     Volts
DC Grid-No.  I  Current, during pulse .... 200    Milliamperes

P:*V::%::pwuetr, aturT:?e;uqsuer£(nugsepf:i;: ....... rii    Xii:#:::S
Pulse Widtht
Duty Factor

15     Microseconds

*  Control grid connected directly to screen grid.
t  Complete external shielding between cathode and plate.
I  Forced air cooling should be applied during the application of any voltages.
§  Provision must be made for unobstructed passage of cooling air between radiator fins, and between the anode terminal and adjacent

fins.
^Measured at the base of the fin adjacent to the plate terminal. See outline drawing on page 4.

S¥o:XigpuiTcaatyoe::8a:ta]r:eq.uireiongerpu|sesorhigherdutyrefertothetubemanufacturerforrecommendations.
•  Pulse duration measured between points at 70 percent of peak value. The pcak value is defined as the maximum value of a smooth

curve through the average of the fluctuations over the top portion of the pulse.
a Maximum ratio of on-time to elapsed time during any 12.5-millisecond period.
¢¢Maximum ratio of on-time to elapsed time during any 1.5-millisecond period.**A minimum surge-limiting resistance of 50 ohms must be placed between the plate of the tube and the 8 + power supply at steady-

state voltages greater than 3.5 kilovolts.
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CONSTANT   CURRENT   CHARACTERISTIC

GROUNDED-GRID   OPERATION
VOLTAGES  MEASURED  TO   GROUND

SCREEN  VOLTAGE= 1400  VOLTS

CL-7399
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FILAMENT  CUP  TEBMINAL

(BOTTOM   OF  CUP  MUST
NOT   BE   USED   AS   A  SOCKET    STOP`

CONCENTRICITIES

TtJE   FOLLOWING   TOTAL    INDICATOR   READINGS   AF}E    MEASUBED  WITH
PESPECT   TO  A   CENTERLINE   DETERMINED   BY   THE    CENTERS   OF  THE
ANODE   TERMINAL   AND    CONTROL    GRID   TERMINAL

DIAMETER   A-O.030   INCHES
DIAMETEfi    8-0.016     INCHES
DIAMETER   C-O.036    INCHES
DIAMETEfi   D-O.042   INCHES

TOTAL   INDICATof}   f]EADING    OF   FILAMENT   CUP   TEPMINAL    DIAMETEf}

(Dt  MEASURED   WITH   RESPECT   TO   CENTER   OF   CATHODE   AND   FILAMENT   TERMINAL
DIAMETEF}    (C)-O.016  lNCHES

GENERT;BiD8RT:ELN:CTR,o
Owensboro,  Kentucky
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2-6'

OL-7985

TETR®DE
VHF-UHF                                                                                                                WATER   COOLED

RING-SEAL   CONSTRUCTION                                                     METAL   AND   CERAMIC

GROuNDED-GRID   CIRCUIT                                               INTEGRAL   WATER   JACKET

The GL-7985 is a four-electrode trans-
mitting   tube    featuring    a    metal-and-
ceramic   envelope   for   use   as   a   power
amplifier  or  oscillator  in   grounded-grid
circuits  with  both  grids  maintained  at
radio-frequency   ground   potential.   The
output  circuit  is  connected  between  the
anode  and  the  screen  grid.  The  anode  is
capable of dissipating 3 3€ kilowatts. Cool -
ing is  accomplished by water and forced
air with the water jacket an integral part
of  tbe  anode.  The  cathode  is  a  unipo-
tential       thoriated-tungsten       cylinder,
heated by electron bombardment.  Maxi-

Electrical

Minimlim      Bogey      Maximum
Cathode

Heater  Voltage .  .
Heater Current at  7.0 Volts

Without Cathode Born-
barding. . .

With  150  Watts  Cathode
Bombarding. . .

Heater starting current. '.     =
Heater  Cold  Resistance. .  .
Cathode Bombarding

Power*   .
Cathode Bombarding Voltage, DC

For  170  Watts Bombard-
ing Power. . .

For  195  Watts Bombard-
ing Power . . .

Cathode Heating +iine
Amplification  Factor,  G2  to

Gh Eb = 4000 volts, Ib = 0.5
Ampere .  .  .

Peak Cathode Current± .
Direct  Interelectrode Capacitances

Cathode to Plate§ .  .
Input,  G2 tied  to  Gi . .
Output,  G2  tied  to  Gifl ....

6.7             7.0     Volts

14.5            ~    Amperes

13.5            -    Amperes
25     Amperes

0.041           -    Ohms

170           195     Watts

650          -    Volts

700           -    Volts-   Minutes

20-
6    Amperes

o.ol          -    „„f
2.I.8         -    wl
6.4          -    uuf

mum ratings apply up to 800 megaycles,
although  higher  frequency  operation  is
possible.

In  narrow  band,  Class  C,  grounded-
grid,   amplitude-modulated   scrvicc,   the
GL-7985  has  a  useful  carrier-power  out-
put in excess of one kilowatt.  In Class C
Telegraphy, it has a useful power output
of 3.0  kilowatts  of continuous  power  as
an amplifier or oscillator.

As  a  Class  a  radio-frequency  power
amplifier, the tube is capable of delivering
1100  watts  of  power  with   20  watts  of
drive at carrier level.

Mechanical

Mounting Position-Vertical, Anode-end Up
Net Weight, approximate

Thermal

Type of Cooling-Water and Forced Air

Water Flow
Anode.  .  .

2.0 Pounds

3.0 Min Gallons per Minute
Pressure Drop at

Rated Flow ..... 20  Max Pounds per  Square  Inch
Water pressure.    .            . `.80  Max pounds  per  square  Inch
Outlet Water Temperature . 70 Max C

Air Flow
Screen-grid   to   Control-grid

Seals .....  15 Min cubic Feet per Minute
Heater-to-Cathode Seals.  .  . 7.5 Min Cubic Feet per Minute
Anode Ceramic .....  10 Min Cubic Feet per Minute

Temperature  at Any
Point ...... 200  Max c

Water  and  forced-air  cooling  to  be  applied  before  and  during
the  application  of any  voltages.  Water  cooling  may  be  discon-
tinued with removal of all voltages. Air flow on heater-to-cathode
seals must be maintained for one minute after removal of heater
voltage.

GENERAL ©  ELECTRIC
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RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   a

Carrier  Condilions  per  Tube  for  use  wilh  a  Mc.ximum  Modulcllion  Factor  of I.0

MeximlJm  Raling.,  Absolul®  Volue§
DC Plate Voltage. . .
DC Grid-No.  2  Voltage. .
DC Plate Current
Plate Input
Grid-No.  2  Input
Plate Dissipation

Typical  Op®i.oli®n

Grounded-grid Circuit,  225400 Megacycles
DC Plate Voltage. . .
DC  Grid-No.  2  Voltage. . .
DC  Grid-No.  1  Voltage, approximate. . .
Peak RF Plate Voltage, approximate. . .
Peak RF Grid-No.  1  Voltage, approxi-

DC Plate Current .  .  .
Zero Signal DC Plate Current. .

Eb= 7000  Volts,  Ec2 = 600  Volts,
E., adjusted for Ib=0.115  amperes

DC Grid-No.  2  Current .  .  .
DC  Grid-No.  1  Current .  .  .
Driving Power,  approximate .  .  .

7000     Volts
600     Volts

-35    Volts
S500     Volts

105     Volts
0.475    Ampere
0.115     Ampere

..  0.010     Ampere

..  0.025     Ampere
80    Watts

Measured at crest of audio-frequency
cycle with modulation factor of 1.0

Power Output#
Circuit  Efficiency .  ,  .
Plate Dissipation .  .  .
Cathode Bombarding Power *
Cathode Bombarding Voltage
Cathode Bombarding Current

1100     Watts
90    Percent

2300    Watts
160    Watts
610     Volts

0.260     Ampere

PLATE   MODULATED   RADIO-FREQUENCY   AMPLIFIER-CLASS   C   TELEPHONY

Carrier  Conditions  With  a  Maximum  Modulation  Factor  of I.0,  Screen  Modulalion  Required

M.ximum  Ratings,  Abs®lu.a  V.lu®s
DC Plate Voltage. . .
DC  Grid-No.  2  Voltage. . .
DC  Grid-No.  1  Voltage. . .
DC Plate Current .  .  .
DC  Grid-No.  1  Current .  .  .
Plate Input
Grid-No.  2  Input
Plate Dissipation

4500     Volts
500     Volts

-120    Volts
0.80     Ampere

0.120     Ampere
3.60     Kilowatts

25    Watts
3.5     Kilowatts

Typical  Operation
Grounded-grid Circuit at 400  Megacycles

DC  Plate Voltage. .  .
DC  Grid-No.  2  Voltage. . .
DC  Grid-No.  1  Voltage. .
Peak  RF Plate Voltage .  .
Peak  RF Driving Voltage. . .
DC Plate  Current .  .  .
DC  Grid-No.  2  Current .  .  .
DC  Grid-No.  1  Current,  approximate. .
Driving Power,  approximate   .  .
Power Output#
Output Circuit Efficiency .  .
Cathode Bombarding Power*
Cathode Bombarding Voltage, approx.

4000     Volts
400     Volts

-100     Volts
2500     Volts

120     Volts
0.570     Ampere
0.020     Ampere
0.100     Ampere

100     Watts
1250     Watts

90    Percent
165     Watts
630     Volts

Cathode Bombarding current, approx.     0.260    Ampere
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RADIO-FREQUENCY   AMPLIFIER   AND   OSCILLATOR-CLASS   C   TELEGRAPHY

Key  Down  Condilions  per  Tube  \^lifhouf  Amplilude  Modulolion

Maximum  Ralings,  Abs®Iu.®  Values
DC Plate Voltage
DC Grid-No.  2  Voltage. . .
DC Plate Current .  .  .
Plate Input
Grid-No.  2  Input

Typical  Op®ralion
Grounded-grid Circuit at 400 Megacycles

DCplatevoltage .....   4500       6500     Volts
DC  Grid-No.  2  Voltage...                         600          700     Volts
DCGrid-No.1  Voltage ....- 120     -100     Volts
Peak RF plate voltage, approximate 3000          -Volts
Peak RF Grid-No.  1  Voltage .
DC Plate Current .  .  .
DC Grid-No.  2  Current .  .  .
DC Grid-No.1  Current. . .
Driving Power, approximate .  .
Power Output, approximate#.
Output Circuit Efficiency . .  .
Cathode Bombarding Power *.
Cathode Bombarding Voltage,

approximate .  .  .
Cathode Bombarding Current,

approximate .  .  .

.      140           140     Volts
0.6           0.8     Ampere

..0.018      0.025     Ampere

..  0.080      0.100     Ampere
.      100          100     Watts

..1800        3200     Watts
90           90     Percent

.      160          165     Watts

.      610           630     Volts

..0.260      0.260     Ampere

Plate Dissipation
DC  Grid-No.  1  Voltage. . .
DC Grid-No.  1  Current .  .  .

Grounded-grid Circuit at 800  Megacycles
DC Plate Voltage
DC  Grid-No.  2  Voltage. . .
DC  Grid-No.1  Voltage. . .
Peak RF Plate Voltage, approximate
Peak  RF Grid-No.1  Voltage.  .  .
DC Plate Current

3.5     Kilowatts
120     Volts

0.150     Ampere

4500     Volts
600     Volts

-120    Volts
3000     Volts

140     Volts
0.6    Ampere

DC  Grid-No.  2  Current .....  0.018     Ampere
DC  Grid-No.  I  Current .....  0.080     Ampere
Driving power, approximate...                              90    Watts
Power output, approximate# ....   1250     Watts
Output circuit Efficiency...                                    83    Percent
Cathode Bombarding power*..                             150     Watts
Cathode Bombarding voltage, approximate    600    Volts
Cathode Bombarding current, approximate o.250    Ampere

*  The cathode of the GL-7985, because of transit-time effects which raise the temperature of the cathode, is subjected to considerable
back  bombardment in  ultra-high-frequency  service.  The  amount  of heating  due  to  bombardment  is  a  function  of the  operating
conditions and frequency, and must be compensated for by a reduction of the cathode power input to prevent overheating of the
cathode with resulting short  life.  In  any case it  is  important  from  a  tube life  standpoint  to keep  the cathode power at as low a
level as possible consistent with required performance. Bombarder power should be monitored by a suitable wattmeter or DC volt-
meter and milliammeter arrangement. For long life, the tube should be put in operation with about 180 watts bombarding power.
After the circuit has been adjusted for proper tube operation, bombarding voltage should be reduced to a value slightly above that
at which circuit performance is affected. Minor circuit readjustment may be necessary after the above adjustment. The procedure
for determining proper bombarding power should be repeated periodically.

I  Represents maximum usable cathode current (plate current plus current to each grid) for any condition of operation.

§  Measured with complete isolation  between cathode and plate.

fl Output capacitance measured between anode and screen grid. Control grid connected directly to screen grid.

#  Useful power output including power transferred from driver stage.
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The  following  indicator  readings  al.e
measured with  respect  to a  centerline
determined  by the  centers  of  t,he  anode
teminal and  cont,rol grid teminal.

A-69087-72870 5-63

H^NOLE

= = 3la

VIEVV    AT  .AW

E   TERM`NM

*eeii -QQ`o   T ERMiNAL.
t`S   t>OWu  TO    2.3SO")

mAx.  ROILOVEft

GR`O  TEttm`N^L

DE   TERMINAL

ENT  TERMINALS

Total  Indicator Readings  -
Diameter  A  -  0.024  inches
Dia,nreter  B  -0.024      ''
Diameter  c  -0.030      ''
Diameter  D  -O.050       ''

GENERTUABELD8RTrELN:OTR.0
0wensboro, Kentucky
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Heater Voltage* .  .
Heater Current. .  .
Cathode Heating Time
Amplification     Factor,

G2  to  Gi,  Eb=1000V
DC;  Eg2 = 275V  DC;
Ib-0.2  A  DC ....

Peak cathode curre;i +
Direct Interelectrode

Capacitances
Cathode  to  Plate± .  .
Input,  G2 tied to  Gi .
Output, G2 tied to Git

GL-8500

TETR®DE
RADIO-FREQUENCY   AMPLIFIER
CW   SERV.CE
GROuNDED-GRID   OPERATION

The GL-8500 is a reliable power tetrode
that delivers useful output to  1250 mega-
cycles or higher. This tube is particularly
suitable for application in the final output
or  driver  stage  of  military-communica-
tions systems.

As  a  Class  8  linear  amplifier  in  the
225-400-megacycle  range,  the  tube  will
deliver  110 watts of carrier power modu..
1ated  up  to  100  percent.   Since  a  power
gain of 20 may be realized, drive require-
ments are low-approximately 5 watts at
carrier level.

Electrical
Minimum      Bogey     MaximLrm

6.8       Volts
-      Amperes
-     M inutes

14

0.006
19.5

6.4

Mechanical
Mounting Position-Any
Net Weight,  approximate. . .

1.75       Amperes

-pps
-      p lrf
-       II Irf

1.0      Pounds

FORCED-AIR   COOLED
METAL   AND   CERAMIC

INTEGRAL   RADIATOR

Operating  as  a  Class  C  CW  amplifier
at  900  megacycles,  the  gain  is  approxi-
mately 15 at the 200-watt level.

Features  of the  GL-8500  include  long
life    and    reliability,    high    gain,    high
linearity,   and  resistance  to   shock  and
vibration.

These together with such design factors
as  an  oxide-coated  cathode,  coaxial  ele-
ments,   and  metal-ceramic   construction
make the tube well adapted to application
in  modern   systems  where  performance
and reliability are important.

The,mal
Cooling-Forced Air §
Through   Radiator,   at

Sea Level**
Plate  Dissipation .  .  .
Air  Flow,   45   C   In-

coming   Air   Tern-
perature,  mini-
mum.  .  .

Static   Pressure,   ap-
proximate.......

Radiator  Hub  Tern-
perature,  at  Point
Adjacent to Anode
Seal.  .  .

Seals
Screen-Grid  to  Con-

trol-Grid,  approxi-
mate .  .  .

Heater   to   Cathode,
approximate. . .

Ceramic    Temperature
at  Any  Point,  maxi-
mum.  .  .

GENERAL  ©  ELECTRIC

500              400           300      Watts

17.0                 12.0

0.9                  0.5

6.5      Cubic  Feet
per Minute

0.2       Inches-
Water

250C

1      Cubic Feet
per Minute

1      Cubic  Feet
per Minute

200C
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Maximum  R®lings
DC Plate Voltage
DC Grid-No.  2  Voltage
DC Plate Current
Plate Input
Grid-No.  2  Input
Plate Dissipation

RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   8   LINEAR

C:arrier  conditions  per  lube  for  use  with  a  maximum  modulolion  factor of 1.0

2000     Volts
320     Volts

0.250     Amperes
500     Watts

5    Watts
500    Watts

Typical  Op®ralion
Grounded-Cirid Circuit at 225400 Megacycles

DC Plate Voltage
DC Grid-No.  2  Voltage .  .  .
DC Grid-No.  1  Voltage, approximate .....
Peak RF Plate Voltage #, approximate .  . .
Peak RF Grid-No. 1 Voltage #, approximat;
DC Plate Current .  .  .
Zero Signal DC Plate CLi;:rit. (i;1. ;djti;t.ed.)
DC Grid-No.  2  Current .  .  .
DC Cirid-No.  1  Current .  .  .
Driving Power, approximate .  .  .
Power output Y

1750     Volts
250     Volts

-20    Volts
1250     Volts

40     Volts
0.200     Amperes
0.020    Amperes
0.005     Amperes
0.010     Amperes

5    Watts
Ilo    Watts

RADIO-FREQUENCY   POWER   AMPLIFIER   AND   OSCILLATOR-CLASS   C   TELEGRAPHY

Key-down  conditions per tube  without  ampli}ude  rnodulolion LL

900                400
Maximum  Ralings                                     M®9acycl®s     Megacycl®s

DC plate voltage...                          1600
DC  Grid-No.  2  Voltage...                  320
DC Grid-No.  1  Voltage ...- 100
DC plate current...                       0.300
DC  Grid-No.  I  Current...            0.OS0

air:ie_ *%?¥]nput                             4 :g
Plate  Dissipation...                             500
Grid-No.1  Dissipation...                       2

2000     Volts
320     Volts

-100    Volts
0.300     Ampere
0.OS0     Ampere

600    Watts
15    Watts

500     Watts
2     Watts

Typical  Op®ralion
Grounded-Grid Circuit at 900 Megacycles

DC Plate Voltage. . .
DC Grid-No.  2  Voltage.
DC Grid-No.1  Voltage.
DC Plate Current .  .  .
DC Grid-No.  2  Current,

approximate .  .  .
DC Grid-No.  1  Current,

.       1500
210-40

.     0.300

.      0.010

approximate. . .
Driving Power, approximate .
Power output, approximate fl

.      0.020
14

205

2000     Volts
225     Volts

-40    Volts
0.250     Ampere

0.010     Ampere

0.020     Ampere
15     Watts

300    Watts

*  Because the temperature of the cathode is increased by back bombardment of electrons at UHF, required heater voltage for optimum
life decreases  with increasing frequency.  The amount of heater-voltage reduction  is dependent on operating conditions.  However,
this voltage  should not  be  less  than  5.5  volts.

t  Represents maximum usable cathode current (plate current plus current to each grid) for any condition of operation.
I  Measured  with  a  6-inch minimum diameter flat metal  disk attached to t:he screen-grid  ring.  Control  grid  connected to the screen

grid.
•  Output capacitances measured between anode and screen grid.  Control grid connected directly to screen grid.
§  Forced-air cooling to be applied before and during the application of any voltages.**Provision must be made for unobstructed passage of c.ooling air between radiator fins and between the anode terminal and adjacent

radiator fin.

#s:;::p£¥:::::E::::cTueda;:ugrepdo;nero:rtapnustf.ecr;rr:a;fr;omaddriverstage.outputc;rcu]tefficfencyapprox;mate]y8opercent.
AModulation essentially negative may be used if the positive peak of the envelope does not exceed  115 percent of the carrier condi-

tions.
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CONSTANT  CURRENT  CHARACTERISTIC
SCREEN  VOLTAGE   =  250  VOLTS

ALL  voLTAGEs  REFmENCED  TO  CONTROL  GRID

Coo                         Coo                         1200                         I COO                        2000                      2400

PLATE  VOLTAGE  IN  VOLTS

A69087  -  72867 1-30-63

CONSTANT  CURRENT  CHARACTERISTIC
SCREEN  VOLTAGE  =  350  VOLTS

ALL  VOLTAGES  REFERENCED  TO  CONTROL  GRID

coo                       coo                       1200                      1600                      2000                     2400

PLATE  VOLTAGE  IN  VOLTS
A69087  -  72868 1 _30 -63

OL-8500
ET.T1713
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SEAL-C)FF
F>eoTECT`vE  CAp

(NOT  TO 6E  USED  FOF2
ELECTfa` CAL  OR
MECHAN\CAlcoNTA`
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\.6Z5'±.o

2.28lt.±.0lo"   DIA.

C,ATHOC)E  AND                 M^
F`|AMENT  TERM`NA|
F I LAM ENT Cup TEt2 M I NAl

(eoTTOMOFcupMiisT`
NOT BE  USED AS A
SOCWET  STOPJ

.ZG>C>.± .C) ` a"  2uOLES
Foti  EXTRACTOR
THCzl) TC)P  F`t`  C)NL.Y

ANODE   Hue  TEMPEfiATURE
ME^9uFtEI)  AT THI9  POINT.

ANooE  TERrmNAL

I,'AX.

Ea R. h'4f=
SCFiEEN-6R I D TERM INAL

I.312.±.OIO''DIA.

SuRFACE

SIJRFAC.E.

+¥MiN.  OuTsiDE cONTrm_             AREA

cONTR0l-GRID TERMllthL
186±005" DIA. `0"
324"I.OCW-DIA."C.

F3EFEFiENCE
SuRFACE

CONCEN"CITIl}S:

The  following  total  lndicatol.  readings  are  measured  itith
respect,  t.o  a  centerline  determined  by  t,he  centerg  of  the
anode  tdminal  and  control  grid  terminal.

Diameter
Diameter
I)iaeter
Diameter

Tot.al  indicat,or  reading  of  f ilament  cup  t,ermlnal  dianetor

i:itret::::id}i:i:::rpei:)t:8:8i:r±n°:hec:th°d°andflla-

A-69087  -72858

'%D,A. IL---,-
eAGE± I

I.150t.005D\A.             = I

u

T#:EE5`:%ENN°H
iiiiiiiilil-

i?.3.%3
I

L--'%D'A,I
GAGE+?

ZP-1030
cA"ODE  AND   FIIAMENT  TEEurlNAL  GAGEs

When  inserted  over  the  cathode  and  filament  terminal,
gage  #1   shall  j±g!  contact  the  tube  REFERENCE  SURFACE
at  gage  SURFACE   "A".

when  inserted  over  the  cathode  and  filament  terminal,
gage  #2   shall  contact  the  t.ube  REFERENCE  SURFACE
at.   gage   SURFACE   "A".
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TUBE   DEPARTMENT

GENERAL © ELEOTRIO
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VHF-UHF
RING-SEAL   CONSTRUCTION

GL-8513

TETR®DE
CROUNDED-GRID   CIRCUIT

FORCED-AIR   COOLED
METAL   AND   CERAMIC

The GL-8513  is a four-electrode transmitting tube  featuring  a metal-and-ceramic  envelope for  use  as  a  power  amplifier
or  oscillator in  grounded-grid circuits with both  grids maintained at radio-frequency  ground potential.  The output  circuit is
connected between the  anode  and the  screen  grid.  The  anode  is  capable  of dissipating  4  kilowatts.  Cooling is  accomplished
by  forced  air  with  the  radiator  an  integral  part  of the  anode.  The  cathode  is  a  unipotential  thoriated-tungsten  cylinder,
heated  by  electron  bombardment.  Maximum  ratings  apply  up  to  800  megacycles,  although  higher  frequency  operation  is
possible.

As a Class 8 linear power amplifier the tube will deliver  1500 watts at carrier level.
In  narrow band,  Class  C,  grounded-grid,  amplitude-modulated  service,  the  GL-8513  has  a  useful  carrier-power  output

in  excess  of one  kilowatt.  In  Class  C  Telegraphy,  it  has  a  useful  power  output  of 3  kilowatts  of  continuous  power   as  an
amplifier  or  oscillator.

Electrical
Minj::   Bogey     mumMaxi-

Cathode
Heater  Voltage .  .  .
Heater  Current at  7.0  Volts

Without cathode Bombarding    -
With  150  Watts Cathode

Bombarding   . .
Heater Starting Cur.rent .
Heater  Cold  Resistance   .  .
Cathode Bombarding Power*
Cathode Bombarding Voltage, DC

For  170  Watts Bombarding
Power .  .  .

For  195  Watts Bombarding
Power. .  .

Cathode Heating  Time .  .  .

6.7          7.0      Volts

14.5      -    Amperes

-       13.5      -    Amperes
-       -        25    Amperes
-     0.041      -    Ohms
-          170        19S     Watts

-       650     -    Volts

700     -    Volts----   Minute
Amplification  Factor,  G2  to Gi ;

Eb=4000  volts;  Ib=0.5  ampere.      -             20
Peak Cathode Currentt
Direct Interelectrode Capacitances

Cathode  to Plate§ .  .  .
Input,  G2  tied  to  G] .  .
Output,  G2 tied to G[ri

6     Amperes

0.01      -    „„f
27.8     -   „„f
6.7     -   ul,i

Mechanical
Mounting Position-Vertical, Anode-end Up
Net Weight, approximate .  .  . 12.5     Pounds

The,mal
Type of Cooling-Forced Air
Air Flow Through  Radiator,  at Sea Level

Plate  Dissipation          Air  Flow         Static pressure
4.0  Kw                      135 CFM                    2.8  In.

Seals
Screen-grid  to  Control-grid,

mlnlmum .  .  .
Heater-to-cathode,  minimum
Anode  Ceramic,  minimum .  .

Incoming Air Temperature,

15    CubicFeetperMinute
7.5    CubicFeetperMinute
10   CubicFeetperMinute

55C
Anode Hub Temperature, maximum  250   C
Temperature of Anode Ceramic and

Seals,  maximum ..... 2S0    C
Temperature at Any Other Point,

maximum   ..                                          .      200    C
Forced-air  cooling  to  be  applied  before  and  during  the  applica-
tion  of  any  voltages.  Air  flow  on  heater-to-cathode  seals  must
be  maintained  for  one  minute  after  removal  of heater  voltage.
The radiator air ducting can  be constructed so that  air is  forced
along  the  anode  seal  and  ceramic  through  the  anode  contact
fingers   and   additional   holes   in   the   plate   contact   ring   to   ac-
complish  the  anode ceramic and  anode seal cooling.  The  volume
of  cooling   air   indicated   for   the   various   seals   is   approximate
only.  Distribution  of cooling  air  will  vary  with  configuration  of
the c.avity about the tube.

RADlo-FREQUENCY   POWER   AMPLIFIER-CLASS   a
Carrier  Conclilions  per  Tube  for  use  wilh  a  Maximum  Modulation  Faclor  of I.0

Maximum  Rolings,  Absolule  Values
DC  Plate  Voltage . . .
DC  Grid-No.  2  Voltage. . .
DC Plate Current . . .
Plate Input
Grid-No.  2  Input
Plate Dissipation

Typical  Opera.ion
Grounded-grid  Circuit,  22S~400  Megacycles

DC Plate Voltage
DC Grid-No.  2  Voltage

8000     Volts
750     Volts

DC  Grid-No.  1  Voltage,  approximate
DC Plate Current

-50    Volts
0.600     Ampere

DC  Grid-No.  2  Current..                                 .    0.010     Ampere
DC  Grid-No.1  Current.                                       0.060     Ampere
Driving power,  approximate...                           160     Watts

Measured   at   crest   of   audio-frequency
cycle with modulation factor of 1.0

Power Output#
Circuit Efficiency
Plate  Dissipation
Cathode Bombarding Power *
Cathode  Bombarding Voltage .  .  .
Cathode Bombarding Current

1500     Watts
90     Percent

2500     Watts
170     Watts
650     Volts

0.260     Ampere

GENERAL  ©  ELECTRIC
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PLATE   MODULATED   RADIO-FREQUENCY   AMPLIFIER-CLASS   C   TELEPHONY
Carrier  Condilions  with  a  Maximum  Modulation  Factor  of  1.0,  Screen  Modulation  Required

Maximum  Ratings, Absolute Values
DC Plate Voltage
DC  Grid-No.  2  Voltage
DC  Grid-No.  I  Voltage
DC Plate Current
DC Grid-No.  I  Current
Plate Input
Grid-No.  2  Input
Plate Dissipation

Typl.a'  Op.'a,ion
Grounded-grid Circuit at 400  Megacycles

DC Plate Voltage

4500     Volts
500     Volts

-120     Volts
0.80     Ampere

0.120     Ampere
3.60     Kilowatts

25     Watts
4.0     Kilowatts

4000     Volts

DC  Grid-No.  2  Voltage.  .
DC  Grid-No.1  Voltage.
Peak  RF Plate Voltage.  .
Peak RF  Driving Voltage
DC Plate Current
DC  Grid-No.  2  Current.  .  .
DC Grid-No.  1  Current,  approximate
Driving Power,  approximate .  .  .
Power Output#
Output  Circuit  Efficiency .  . .
Cathode Bombarding Power*

400     Volts
-100     Volts
2500     Volts

120     Volts
0.570     Ampere
0.020     Ampere
0.100     Ampere
.    100     Watts
1250     Watts

90    Percent
165     Watts

Cathode Bombarding voltage, approximate    630    Volts
Cathode Bombarding Current,

approximate 0.260     Ampere

RADIO-FREQUENCY   AMPL.FIER   AND   OSCILLATOR-CLASS   C   TELEGRAPHY
K®y  Down  Condilions  per Tube  Will.out  Amplilude  Modulolion

Maximum  Ralir.g.,  Absolu.®  Volu®s
DC Plate Voltage
DC Grid-No.  2  Voltage
DC Plate Current
Plate Input
Grid-No.  2  Input
Plate Dissipation . .
DC GI.id-No.  I  Voltage
DC  Grid-No.1  Current.  .  .

Typical  Opera.ion
Grounded-grid Circuit at 400

DC  Plate  Voltage. . .
DC  Grid-No.  2  Voltage. . .
DC  Grid-No.  I  Voltage     .
Peak RF Plate Voltage,

Megacycles
.  .  . 4500

.  .    600

.  -120

approximate. . .
Peak RF Grid-No.  1  Voltage
DC Plate Current . . .
DC Grid-No.  2  Current.  . ,
DC  Grid-No.  I  Current.  .  .
Driving Power, approximate .

7000     Volts
750     Volts
I.0     Amperes
6.0     Kilowatts
40    Watts

..4.0     Kilowatts
120     Volts

0.150     Ampere

Power Output, approximate#. . .
Output  Circuit  Efficiency.  .  .
Cathode Bombarding Power*
Cathode Bombarding Voltage,

approximate
Cathode Bombarding Current,

approximate .
Ground®d-grid  Circui.  al  800  Megacy€le§

DC Plate Voltage.   .
DC  Grid-No.  2  Voltage     .
DC  Grid-No.  1  Voltage.  . ,
Peak RF Plate Voltage, approximate
Peak  RF  Grid-No.1  Voltage. .  .
DC Plate Current

.1800       3200     Watts

.      90            90     Percen't

.    160           165     Watts

.    610           630     Volts

0.260      0.260     Ampere

500     Volts
600     Volts
120     Volts
000     Volts

DC  Grid-No.  2  Current.  .  .
DC  Grid-No.1  Current. .  .
Driving Power, approximate .  .  .
Power  output,  approximate# .........
Output Circuit Efficiency . .  .
Cathode Bombarding Power*
Cathode Bombarding Voltage,  approximate

140     Volts
0.6    Ampere

0.018     Ampere
0.080     Ampere

90    Watts
.1250     Watts
.      83     Percent

150     Watts
.    600     Volts

Cathode Bombarding current, approximate.. 0.250     Ampere

*  The cathode of the GL-8S13, because of transit-time effects which raise the temperature of the cathode, is subjected to considerable
back  bombardment  in  ultra-high-frequency  service.  The  amount  of heating  due  to  bombardment  is  a  function  of the  operating
conditions and frequency, and must be compensated for by a reduction of the cathode power input to prevent overheating of the
cathode  with resulting short  life.  In  any  case  it  is  important  from a  tube  life  standpoint  to  keep  the  cathode  power at as low a
level  as  possible  consistent  with  required  performance.  Bombardcr  power  should  be  monitored  by  a  suitable  wattmeter  or  DC
voltmeter  and  milliammetcr  arrangement.  For  long  life,  the  tube  should  be put in operation  with  about  180  watts  bombarding
power.  After  the  circuit  has  been  adjusted  for  proper  tube  operation,  bombarding  voltage  should  be  reduced  to  a  value  slightly
above  that  at  which  circuit  performance  is  affected.  Minor  circuit  readjustment  may  be  necessary  after  the  above  adjustment.
The procedure for determining proper bombarding power should be repeated periodically.

t  Represents maximum usable cathode current (plate current plus current to each grid) for any condition of operation.
§  Measured with complete isolation between cathode and plate.
tl Output capacitance measured between anode and screen grid.  Control grid connected directly to screen grid.
#  Useful power output including power transferred from driver stage.
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TYPICAL  CHARACTERISTICS

Eg2 = 750 Volts,  Ef = 7 Volts AC
Bombarding Power = 180 Watts
All Voltages Referenced to Grid
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ANODE   HUB  TEMPERATURE
MEASuf}ED  AT THIS  POINT

ANODE   TERMINAL

TOTAL  INDICATOR  READIN6S-
DIAMETER A-O.024   lNCHES
DIAMETER  a-0.024  lNCHES
DIAMETER C-0.030  lNCHES
DIAMETEP D-0.050  INCHES
DIAMETEFi E-0.050  INCHES

THE  ABOVE  READINGS  ARE  MEASURED
WITH   RESPECT  TO A CENTERLINE
DETERMINED  BY THE  CENTEFts  OF THE
ANODE   TERMINAL  AND  CONTROL-
GRID   TERMINAL

SCREEN-GRID  TERMINAL
(TAPEfts  DOWN  TO  2.350" )

0.005"MAX.   ROLLOVER
CONTPOL-CPID  TEPMINAL

3J+2"±3±'\L
CATHODE   TERMINAL

I.03l " ± O.0lo. DIA

0.662"±OOIO"DIA(C)

FILAMENT  TERMINALS
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DATA   FOR   DEVELOPJVLENTAL   TYPES

NOTE:

Both   electrical   and   mechanical   characteristics   of   develop-

menlal   types   are  subject  I.o  change:  therefore,   it  is   recom-

mended   that   designers   consult   with   their   General   Electric

field   representative  before  designing  equipment  around  de-

velopment types.  (See inside back coverl



A-0897

PLANAR   TRIODE

DESCRIPTION   AND   RATING

For  Grounded-Grid  Oscillator  And  Amplif ler  Service

The  A-0897   is  a  metal-and-ceramic,   high-mu  triode  designed  for  use  as
a  grounded-grid  oscillator  or  amplif ier  at  frequencies  as  high  as  2500  mega-
cycles .

GENERAL

Electrical

Cathode  -  Coated  Unipotential

Heater  Characteristics  and  Ratings
Heater  Voltage,   AC   or  DC
Heater  Current  at  Ef  =  6.3  volts
Direct  lnterelectrode  Capacitances§

Grid  to  Plate:   (g  to  p)
Grid  to  Cathode:   (g  to  k)
Plate  to  Cathode:   (p  to  k)

Mechanical

Operating  Position  -  Any

Net  Weight,   approximate

MAXIMUM  RATINGS

*           Volts
I.03±          Amperes

2            0unc e s

Absolute-Maximum  Values

Radio-Frequency  Power  Amplifier  and  Oscillator  -  Class  C  Telegraphy

Key-down  Conditions  per  Tube  Without  Amplitude  ModulationTh
Heater  Voltage*
DC  Plate  Voltage
Negative  DC  Grid  Voltage
Peak  Positive  RF  Grid  Voltage
Peak  Negative  RF  Grid  Voltage
DC  Grid  Current
DC  Catbode  Current
Plate  Dissipatlon#
Grid  Dissipation
Envelope  Temperature  at  Hottest  Point#

4.5   to  6.3            Volts
1000            Volts

150            Volts
30            Volts

400           Volts
50           Milliamperes

125            Milliamperes
10            Watts

2.0            Watts
250C
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MAxlrmJM  RATINGs Continued

Radio-Frequency  Power  Amplifier  and  Oscillator   -  Class  C  Telephony

Carrier  Conditions   per  Tube   for  Use  With  a  Maximum  Modulation  Factor   of   1.0
Heater  Voltage*
DC   Plate  Voltage**
Negative  ne  Grid  Voltage
Peak  Positive  RF  Grid  Voltage
Peak  Negative  RF  Grid  Voltage
DC  Grid  Current
DC  Cathode  Current
Plate  DissipationA
Grid  Dissipation
Envelope  Temperature  at  Hottest  Point#

Volts
Volts
Volts
Volts
Vo 1 t s
Milliamperes
Mi 11 iampe re s
Watts
Watts
C

Absolule-Maximum  ratings  are  limiting  values  of  operating all  other  electron  devices  in  the  equipment.
and    environmental    conditions    applicable    to    any    electron The   equipment    manufacturer   should    design   so   that    ini-
tube  of  a   specified   type  as   defined   by  its   published   data tially   and   throughout   life   no   absolute-maximum   value   for
and  should  not  be  exceeded  under  the  worst  probable  condi- the   intended   service   is   exceeded   with   any   tube   under   the
tions. worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltage   variation,   equipment   component   varialion,   equip-
acceptable  serviceability  of  the  tube,  making  no  allowance ment   control    adiustment,    load   variation,   signal    variation,
for  equipment  variations,   environmental   variations,   and   the environmental   conditions,   and   variations   in   the   charclcteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  and  of  all  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

CHARACTERISTICS   AND   TYPICAL   OPERATION

Average  Characteristics§§

Heater  Voltage
Plate  Voltage
Grid  Voltage"lT
Amplif ication  Factor
Transconductance
Plate  Current

Radio-Frequency  Oscillator   -  Class  C§§

Frequency
Heater  Voltage
DC   Plate  Voltage
DC   Plate  Current
DC  Grid  Current
DC  Grid  Voltage
Useful  Power  Output

6.3
600

95
24800

75

Volts
Volts
Volts

Micromhos
Milliaxperes

Megacycles
Volts
Volts
Milliamperes
Milliamperes
Volts
Watts
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INITIAL  CIIARACTERISTICS   LIMITS

Heater  Current
Ef  =  6.3  volts

Grid  Voltage
Ef  =  6.3  volts,   Eb  =  600  volts,

Ib  =   75   rna
Grid  Voltage

Ef  =  6.3  volts,   Eb  =  600  volts,
Ib  =   1.0  rna

Transconductance
Ef  =  6.3  volts,   Eb  =  600  volts,

Ec  adjusted  for  Ib  =  75  rna
Amplif ication  Factor

Ef  =  6.3  volts,   Eb  =  600  volts,
Ec  adjusted  for  lb  =  75  rna

Negative  Grid  Current
Ef  =  6.3  volts,   Eb  =  600  volts,

Ec  adjusted  for  lb  =  75  rna
Interelectrode  Leakage  Resistance

Min.        Bogey          Max.

950          1030          1100            Milliamperes

-1.3          -2.5          -3.5             Volts

-7.0          -9.5             -15             Volts

22000        24800       2 7500            Micromhos

75                  95               115

3. 0           Mlcroamperes

Ef  =  6.3  volts,   Polarity  of  applied
d-c  interelectrode  voltage  is
such  that  no  cathode  emission
results

Grid  to  Cathode  at  500  volts
d-c

Interelectrode  Capacltances
Grid  to  Plate:   (g  to  p)
Grid  to  Cathode:   (g   to  k)
Plate  to  Cathode:   (p  to  k)

50

1.89           2.01
6.0              6.5

0.018        0.023

SPECIAL   PERFORMANCE   TESTS

Oscillator  Power  Output
Tubes  are  tested  for  power  output  as  an
oscillator  under  the  following  conditions
Ef  =  5.0  volts;   F  =  2500  M3,   min;   Eb  =
1000  volts;   Ib  =  90  rna

Low  Pressure  Voltage  Breakdown  Test
Statistical  sample  tested  for  voltage
breakdown  at  a  pressure  of  27  rlm  Hg.
Tubes  shall  not  give  visual  evidence
of  flashover  when  1000  volts  Rrs,   60
eps,   is  applied  between  the  plate  and
grid  terminals

ifegohms

2.13           Picofarads
7.0           Picofarads

0.029           Picofarads

Min ,         rex ,

15 Watts
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*    The  equipment  designer  should  design  the  equipment  so  that  heater  voltage
is   centered  at  some  value  within  the  range  of  4.5  to  6.3  volts.     Heater
voltage  variations  about  the  center  value  should  be  kept  as  small  as
practical  and  should  not,   in  any  case,   exceed  ±5°/o.     The  optimum  center
value  of  heater  voltage  depends  on  the  cathode  current  and  on  other  para-
meters  of  circuit  design  and  operation.     For  specific  recormendations,
contact  your  General  Electric   tube  sales  representative.

I    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§     Measured  in  a  special  shielded  socket.
fl    Modulation  essentially  negative  may  be  used  if  the  positive  peak  of  the

audio-frequency  envelope  does  not  exceed  115  percent  of  the  carrier  con-
ditions .

#    With  an  adequate  heat  sink,   the  maximum  dissipation  rating  is   loo  watts.

A    With  an  adequate  heat  sink,   the  maximum  dissipation  rating  is   70  watts.

§§     An  adequate  heat  sink  must  be  provided.
±±    Where   long  life  and  reliable  operation  are   important,   lower  envelope

temperatures  should  be  used.
**    For  modulation  factors   less   than  1.0,   a  higher  d-c  plate  voltage  may  be

used  if  the  sun  of  the  peak  positive  audio  voltage  and  the  d-c  plate
voltage  does  not  exceed   1200  volts.

flTr    Adjusted   for  Ib  =  75   milliamperes.
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OBJECTIVE   FOR  DEVELOPMENIAL  TYPE

Y-1012*

DI0DE

The  Y-1012  is  a  cathode-type  diode  of  ceramic-and-metal  planar  construction
intended  for  computer  service.

GENERAL

Electrical

Cathode  -  Coated  Unipotential

Heater  Characteristics  and  Ratings
Heater  Voltage,   AC  or  DC+
Heater  Current±
Direct  Interelectrode  Capacitances§

+              Plate  to  Cathode:   (p  to  k)
+              Heater  to  Cathode

Mechanical

Operating  Position  -  Any

Outline  Drawing

-:=-=_

±1_I
I           .1!2®

6.3±0.3            Volts
0. 215            rfuperes

1.3            pf
1.5            pf



Y-1012

MAXIMUM  RATINGS

Absolute-Maxlmm  Values

Peak  Inverse  Plate  Voltage
Steady-State  Peak  Plate  Current
DC  Output  Current
Heater-Cathode  Voltage

Heater  Positive  with  Respect  to  Cathode
Heater  Negative  with Respect  to  Cathode

Envelope  Temperature  at  Hottest  Point#

350           Volts
20            M1111amperes

5. 0            M1111axperes

50           Volts
50           Volts
250C

Absolute-Maximum  ratings  are  llmitlng  values  of  operating  and  envlronnental
conditions  applicable  to  any  electron  tube  of  a  specified  type  as  defined  by
its  published  data  and  should  not  be  exceeded  under  the  worst  probable  conditions

The  tube  manufacturer  chooses  these  values  to  provide  acceptable  service-
ability  of  the  tube,  making  no  allowance  for  equipment  variations,  etlvironnental
variations,  and  the  effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  tube  under  consideration  and  of  all  other  electron
devices  in  the  equipment.

The  equipment  manufacturer  should  design  so  that  initially  and  throughout
life  no  absolute-maxirmm  value  for  the  intended  service  ls  exceeded  with  any
tube  under  the  worst  probable  operating  conditions  with  respect  to  supply-voltage
variation,  equipment  coxponent  varlatlon,  equipment  control  adjustment,   load
variation,  signal  variation,  environmental  conditions,  and  variations  ln  the
characteristics  of  tbe  tube  under  consideration  and  of  all  otber  electron  devices
in  the  equipment.

AVERAGE   CHARACTERISTICS

Tube  Voltage  Drop
lb  =  5.0  Milliamperes  DC 2.6            Volts

*    Publication  of  these  data  does  not  obligate  the  General  Electric  Company  to
manufacture  a  tube  with  these  characteristics.

+    The  equipment  designer  should  design  the  equipment  so  that  heater  voltage  is
centered  at  tbe  specified  bogey  value,  with  heater  supply  variations  restricted
to  maintain  beater  voltage  witbin  the  specified  tolerance.

±    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§    Without  external  shield.

"    one  method  of  mounting  the  Y-1012  is   to  use  a  stainless-steel  ''T"  bolt  (see
drawing)   to  attach  the  mounting  base  of  the  tube  to  a  chassis  or  circuit  board.
Tbe  ''T"  bolt  should  be  inserted  in  the  slot  ln  the  base  of  tbe  tube,   turned
90  degrees,   and  attached  to  the  chassis  or  circuit  board  with  a  2-56  nut  and
lock washer.-   Torque  used  to  tighten  tbe  nut  should  not  exceed  3  inch-pounds.

#    Operation  below  the  rated  maximum envelope  teaperature  ls  recomended  for
applications  requiring  the  longest  possible  tube  life.

2/18/63   (8)
Supersedes     11/29/62   (8)
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OBJECTIVE   FOR  DEVELOPRENTAL  TYPE

Y-1032*

PLANAR  TRI0DE

The  Y-1032   is  a  medium-mu  triode  of  ceramic  and  Inetal  planar  construction
primarily  intended  for  radio-frequency  amplif ier  service  well  into  the  UHF
range.    A  feature  of  the  tube  is  its  operation  at  low  values  of  plate  voltage.

GENIEL

Electrical

Cathode  -  Coated  Unipotential

Heater  Characteristics  and  Ratings
Heater  Voltage,   AC  or  DC+
Heater  Current±

+     Direct  Interelectrode  Capacitances
Grid  to  Plate
Input
Output
Heater  to  Cathode

Mechanical

Operating  Position  -Any

+     Outline  Drawing

6 . 3±0 . 3
0.24



Y-1032

MAXIMUM  RATINGS

Absolute-MaLximum  Values

Plate  Voltage
Positive  DC  Grid  Voltage
Plate  Dissipation
DC  Cathode  Current
Heater-Cathode  Voltage

Heater  Positive  with
Heater  Negative  with

+       Grid  circuit  Resistance
-+        Envelope  Temperature  at

Respect  to  Cathode
Respect  to  Cathode

Hottest  Point

Volts
Volts
Watts
Milliamperes

Volts
Volts
Megohus
C

Absolute-Maximum  ratings  are  limiting  values of operating
and    environmental    conditions    appliccible    to    any   electi.on
tube  of  a  specified  type  as  defined   by  its   published   data
and  should  not  be  exceeded  under the  worst  probable condi-
tions,

The   tube   manufacturer   chooses   these   vcilues   to   provide
acceptable  servicecibility  of  the  tube,  mciking  no  allowance
for  equipment  varicitions,  environmentcil   varicitions,  and   the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  charcicteristics  of  the  tube  under  considercition  and  of

all  other  electron  devices  in  the  equipment.
The   equipment   manufacrurer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value   for
the   intended   service   is   exceeded   with   any   tube   under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,  and  variations   in  the  characteris-
tics  of  the  tube  under consideration  cind  of  all  other  electron
devices  in  the  equipment.

CIIARACTERISTICS   AND  TYPICAL   OPERATION

Average  Characteristics

Plate  Voltage
Cathode-Bias  Resistor
Amplif ication  Factor
Plate  Resistance,   approximate
Transconductance
Plate  Current

50
68
37

3400
11000

7.5

Typical  Operation

Grounded-Grid  Amplifier  -  450  Megacycles

Plate  Voltage
Cathode-Bias  Resistor
Plate  Current
Bandwidth,   approximate
Power  Gain,   approximate   (Measured  with  power-

retched  input)
Noise  Figure   (Meausred  with  noise-matched  input,

using  argon  lamp  noise  source),   approximate

26.5             Volts
3 3              Ohms
36

3600              Ohms
10000            Micromhos

4. 7           Milliamperes

26.5             Volts
3 3              Ohms

4. 7           Milliamperes
7.5            Megacycles

11            Decibels

5.4            Decibels

*    Publication  of  these  data  does  not  obligate  the  General  Electric  Company
to  manufacture  a  tube  with  these  characteristics.

+    The  equipment  designer  should  design  the  equipment  so  that  the  heater
voltage  is  centered  at  the  specif ied  bogey  value,  with  heater  supply
variations  restricted  to  maintain  heater  voltage  within  the  specified
tolerance .

I    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

supersedes   12(!g(g2   (3)
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OBJECTIVE   FOR   DEVELOPMENTAL   TYPE

¥-1124*    `u

TRIODE

The  Y-1124  is  a  triode  of  ceramic  and  metal  planar  construction  primarily
intended  for  use  as  a  grid-pulsed  oscillator  at  frequencies  up  to  6000  megacycles

GENERAL

Electrical

Cathode  -  Coated  Unipotential

Heater  Characteristics  and  Ratings
Heater  Voltage,   AC  or  DC+
Heater  Current±
Cathode  Warm-up  Time§
Direct  Interelectrode  Capacitancesfl

Grid  to  Plate
Input

-           Output
Heater  to  Cathode

Mechanical

Operating  Position  -Any

MAXIMUM  RATINGS

Absolute-Maximum  Values

Grid-Pulsed  Oscillator  and  Amplif ier  -  Class  C

DC  Plate  Voltage
Peak  Positive-Pulse  Grid  Voltage
Duty  Factor
Pulse  Duration
Plate  Dissipation
Grid  Current

Average
Average  During  Grid  Pulse

425            Volts
100            Volts

0 . 001
2. 0            Microseconds
2.6            watts

Milliamperes
Milliamperes



y-1124

MAxlmTM  RATINGs Continued

Plate  Current
Average
Average  During  Grid  Pulse

Heater-Cathode  Voltage
Heater  Positive  with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Envelope  Temperature  at  Hottest  Point

Milllamperes
Milliamperes

Volts
Volts
C

Absolute-Mciximum ratings  are  limiting values of operatingandenvironmentalconditionsappliccibletoanyelectrontubeofaspecifiedtypeasdefinedbyitspublisheddataandshouldnotbeexceededundertheworstprobablecondi-lions, all  other  electron  devices  in  the  equipment.Theequipmentmanufacturershoulddesign   so   that   ini-tiallyandthroughoutlifenoabsolute-maximumvaluefortheintendedserviceisexceededwithanytubeundertheworstprobableoperatingconditionswithrespecttosupply-

The   tube   mcinufacturer   chooses   these   values   to   provide voltclge   variation,   equipment   component   variation,   equip-
acceptable  serviceability  of  the  tube,  making  no  allowanceforequipmentvariations,environmentalvciriations,andtheeffectsofchcingesinoperatingconditionsduetovariations ment   control   adiustment,   load   voricition,   signal   variation,environmentalconditions,clndvariationsinthecharacteris-ticsofthetubeunderconsiderationandofallotherelectron

in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

CIIARACTERISTICS   AND   TYPICAL   OPERATION

Average  Characteristics

Plate  Voltage
Cathode-Bias  Resistor
Amplification  Factor

+     Transconductance
+     Plate  Current

+     Grid-Pulsed  Oscillator  Service

Frequency
Duty  Factor
Pulse  Duration
Pulse  Repetition  Rate
Peak  Grid  Drive  Voltage
Plate  Voltage
Plate  Current

Average
Average  During  Grid  Pulse

Grid  Current
Average
Average  During  Grid  Pulse

Power  output
Average
Average  During  Grid  Pulse

125
82
75

12000
10

6000
0.001

1.0
1000
8.0
400

0.4
400

0.1
100

0 . 02 5
25

Volts
Ohus

Microrfuos
Milliamperes

Megacycles

Microseconds
Pulses  per  Second
Volts
Volts

Milliamperes
Milliaaperes

Milliamperes
Milliamperes

Watts
Watts
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Y-1124

*    Publication  of  these  data  does  not  obligate  the  General  Electric  Company
to  manufacture  a  tube  with  these  characteristics.

+    The  equipment  designer  should  design  the  equiplnent  so  that  the  heater
voltage  is  centered  at  tbe  specified  bogey  value,  with  heater  supply  varia-
tions  restricted  to  maintain  heater  voltage  within  the  specified  tolerance.

±    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§     Time  required  for  plate  current  to  reach  80%  of  its  steady-state  value.

Tr    Measured  using  a  grounded  adapter  that  provides  shielding  between  external
terminals  of  tube.

2/18/63   (a)
Supersedes     1/18/63   (8)
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OBJECTIVE  FCR  DEVELOPMENIAI.  TYPE

Y-1223*

PLANAR  ThlcoE

The  Y-1223  1s  a  trlode  of  ceramic-and-metal  planar  construction  intended
for  use  a8  a  radio-frequency  ampllf ler  or  oscillator  at  frequencies  up  to
2500  negacycles.

GENERAL

Electrical
Cathode  -  Coated  Unlpotentlal
Heater  Characterlstlcs  and  Ratings
Heater  Voltage,   AG  or  DC±
Heater  Current§
Direct  Interelectrode  Capacitancesq

Grid  to  Plate:   (g  to  p)
Input:  g  to  (h  +  k)
Output:   p  to  (h  +  k)

ifechanical
Operating  Position  -  Any

MAXIMUM  RATINGS

Absolute-Maxinum  Values

Plate  Voltage
Plate  Dlsslpatlori[
Grid  Current
Cathode  Current
Heater-Cathode  Voltage

Heater  Positive  with Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Envelope  Tetaperature  at  Hottest  Point

6.3±0.3            Volts
0.4            Amperes

Volts
Watts
M111ianperes
Milliamperes

Volts
Volts
C



Y-1223

MAXIMUM  RATINGS Continued

Absolute-Mciximum  rcitings  are  limiting values of operating
and    environmental   conditions    applicable   to   any   electron
tube  of  a  specified  type  as   defined   by  its  published   data
and  should  not  be  exceeded  under the worst  probable condi-
tions.

The   tube   mc]nufacturer   chooses   these   values   to   provide
acceptable  serviceability  of  the  tube,  making  no  allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  charcicteristics  of  the  tube  under  consideration  and  of

all  other  electron  devices  in  the  equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value   for
the   intended   service   is   exceeded   with   any   tube   under   the
worst  probable  operating  conditions  with  respect  to  supply-
voltoge   vciriation,   equipment   component   varicltion,   equip-
ment   control   adiustment,   load   variation,   signcil   variation,
environmental   conditions,   and   variations   in   the  chorcicteris-
tics  of  the  tube  under  consideration  and  of  all  other  electron
devices  in  the  equipment.

CHARACTERISTICS   AND  TYPICAL   OPERATION

Average  Characterlstlcs
Plate  Voltage
Cathode-Bias  Resistor
Amplification  Factor
Plate  Resistance,  approximate
Transconductance
Plate  Current

Class  C  chplifler
Frequency
DC  Plate  Voltage
DC  Grid  Voltage
DC  Plate  Current
DC  Grid  Current,   approximate
Driving  Power,  approximate
Power  Output,  approximate

200
47

100
2500

40000
25

Volts
Ohms

Ohus
Micronhos
Milliamperes

Megacycles
Volts
Volts
Milliamperes
Milllaperes
Watts
Watts

*    Publication  of  these  data  does  not  obligate  the  General  Electric  Coapany
to  manufacture  a  tube  with  these  characterlstlcs.

±    The  equipment  designer  should  design  the  equipment  so  that  heater  voltage
is  centered  at  the  speclfled  bogey  value,  with  heater  supply  varlatlons
restricted  to maintain  heater  voltage  wlthln  the  specified  tolerance.

§    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.
"   Without  external  shield.
#    With  adequate  heat  sink  attached  to  threaded  plate  stud.
¢    To  be  determined.

11-25-64   (a)

Supersedes   10-29-63   (a)
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OBJECTIVE   FCR  DEVELOPMENTAL  TYPE

Y-1236*

PLAENAR   TRIODE

The  Y-1236  is  a  triode  of  ceramic  and  metal  planar  construction
intended  for  use  as  a  plate-pulsed  oscillator  at  frequencies  up  to
4300  megacycles.     In  addition,   it  may  be  used  as  a  CW  oscillator  at
frequencies  up  to  2500  megacycles.     Features  of  the  Y-1236  are  small
size  and  high  plate  dissipation  capability.

GENERAL

Electrical

Cathode  -  Coated  Unipotential

Heater  Characteristics  and  Ratings
Heater  Voltage,   AC   or  DC+
Heater  Current±
Direct  Interelectrode  Capacitances§

Grid  to  Plate:     (g  to  p)
Input:  g  to  (h+k)
Output:   p  to  (b+k)

Mechanical

Operating  Position  -  Any

mxlmun Ratings

6.3±0.3            Volts
0. 5            Axperes

1.5            pf
5.0            pf

0.05            pf

Absolute-Maximum  ratings cire  limiting values of operating all  other  electron  devices  in  the  equipment.
and    environmentcil   conditions   applicable   to   any   electron The   equipment   manufacturer   should   design   so   that   ini-
tube  of  a  specified  type  as  defined   by  its  published  data tiolly   and   throughout   life   no   absolute-maximum   value   for
c]nd  should  not  be  exceeded  under the worst  probable condi- the  intended   service  is  exceeded   with  any  tube  under  the
lions, worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   I.o   provide voltage   variation,   equipment   component   variation,   equlp-
acceptable  serviceability  of  the  tube,  making  no  allowance ment   control   adiustment,   load   variation,   signal   voricition,
for  equipment  variations,  environmental  variations,  and   the environmental  conditions,  and  variations  in  the  characteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  considercition  and  of  all  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.



Y-1236

MAXIMUM  RATINGS   (Continued)

Absolute-Maximum  Values

Plate-Pulsed  Oscillator  or  Amplifier  Service

Cathode  Heating  Time,   minimum
Peak  Positive-Pulse  Plate  Supply  Voltage
Duty  Factor  of  Plate  PulseIT
Pulse  Duration
Plate  Current

Average
Average  During  Plate  Pulse#

Negative  Grid  Voltage
Average  During  Plate  Pulse

Grid  Current
Average
Average  During  Plate  Pulse

Plate  DissipationA
Peak  Heater-Cathode  Voltage

Heater  Positive  with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Envelope  Temperature  at  Hottest  Point

CW  oscillator  Service

Plate  Voltage
Plate  Current
Grid  Current
Cathode  Current
Plate  DissipationsA
Peak  Heater-Cathode  Voltage

Heater  Positive  with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Envelope  Temperature  at  Hottest  Point

60
3000
0.01
2.0

20
2.0

loo

10
1.0
30

50
50

300

Seconds
Volts

Microseconds

Milliamperes
Amperes

Volts

Milliamperes
Amperes
Watts

Volts
Volts
C

Volts
Milliamperes
Milliamperes
Milliamperes
Watts

Volts
Volts
C



Y-1236

CHARACTERISTICS   AND   TYPICAL   OPERATION

Average  Characteristics

Plate  Voltage
Cathode-Bias  Resistor
Amplif ication  Factor
Plate  Resistance,  approximate
Transconductance
Plate  Current

Plate-Pulsed  Oscillator  Service

Frequency
Heater  Voltage
Duty  Factor
Pulse  Duration
Pulse  Repetition  Plate
Peak  Positive-Pulse  Plate  Supply  Voltage
Plate  Current

Average
Average  During  Plate  Pulse

Grid  Current
Average
Average  During  Plate  Pulse

Useful  Power  Output
Average
Average  During  Plate  Pulse

CW  Oscillator  Service

Frequency
Plate  Voltage
Grid  Voltage
Plate  Current
Grid  Current
Power  Output,   approximate

200
100
55

2040
27000

25

1200
6.3

0.01
1.0

10000
2000

20
2.0

¢
a

20
2.0

Volts
Ohus

Ohms
Micromhos
Milliamperes

Megacycles
Volts

Microseconds
Pulses  per  Second
Volts

Milliamperes
Axeeres

Milliamperes
Amperes

Watts
Kilowatts

Megacycles
Volts

Milliamperes
Milliamperes
Watts



I-1236

*    Publication  of  these  data  does  not  obligate  the  General  Electric
Company  to  manufacture  a  tube  with  these  characteristics.

+    The  equipment  designer  should  design  the  equipment  so  that  heater
voltage  is  centered  at  the  specified  bogey  value,  witb  heater  supply
variations  restricted  to  maintain  heater  voltage  within  tbe  specified
tolerance.

i    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§    Measured  using  a  grounded  adapter   that  provides  shielding  between
external  terminals  of  tube.

fl    Applications  with  a  duty  factor  greater  than  0.01  should  be  referred
to  your  General  Electric  tube  sales  representative  for  recormrendation.

#    The  regulation  and/or  series  plate-supply  impedance  must  be  such  as
to  limit  the  peak  current,  with  the  tube  considered  a  short  circuit,
to  a  maximum  of  25  amperes.

A    With  adequate  heat  sink  attached  to  threaded  plate  stud.

a    To  be  determined.

11/25/64   (8)
Supersedes    4/26/63
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TUBE   DEPARTMENT

GENERAL ©  ELECTRIC

Owensboro,  Kentucky



OBJECTIVE   FOR  DEVELOPRENIAI   TYPE

Y-1251*

PLANAR  mloDE

The  Y-1251  is  a  high-mu  triode  of  ceramic-and-metal  planar  construc-
tion  intended  for  use  as  an  oscillator  or  radio-frequency  power  aaplifier
up   to  6000  megacycles.

GENERAL

Electrical

Cathode  -  Coated  Unipotential

Heater  Characteristics  and  Ratings
Heater  Voltage,   AC   or  DC±
Heater  Current§
Direct  Interelectrode  Capacitancesfl

Grid  to  Plate:   (g  to  p)
Input:   g  to  (h  +  k)
Output:   p   to  (h  +  k)

kechanical

Operating  Position  -  Any

MAXIMUM  RATINGS

Absolute-Maximum  Values

Plate  Voltage
Positive  DC  Grid  Voltage
Negative  DC  Grid  Voltage
Plate  Dissipation
DC  Grid  Current
DC  Cathode  Current
Peak  Cathode  Current
Heater-Cathode  Voltage

Heater  Positive  with
Heater  Negative  with

Grid  Circuit  Resistance

.Respect  to  Cathode
Respect  to  Cathode

Envelope  Temperature  at  Hottest  Point

6.3±0.3            Volts
0. 24            Amperes

Volts
Volts
Volts
Watts
M1111axperes
M1111aaperes
M111iamperes

Volts
Volts
Ohms
a



Y-1251

MAXIMUM  RATINGS (Continued)

Absolute-Maximum  rcitings  are  limiting  values of operating
and    environmentcil    conditions    applicable    to    any   electron
tube  of  a  specified  type  as  defined   by  its  published   data
and  should  not  be  exceeded  under the  worst  probable condi-
tions,

The   tube   manufacturer   chooses   these   values   to   provide
acceptcible  serviceability  of  the  tube,  making  no  c]Ilowance
for  equipment  variations,  environmental  variations,  cind   the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  tube  under  consideration  and  of

all  other  electron  devices  in  the  equipment.
The   equipment   manufaclurer   should   design   so   that   ini-

ticilly   and   throughout   life   no   absolute-maximum   value   for
the   intended   service   is   exceeded   with   any   tube  under  the
worst  probable  operaring  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   odiustment,   load   varicition,   signal   variation,
environmentcil   conditions,   and   varicitions   in   the   charcicteris-
tics  of  the  tube  under consideration  and  of  all  other  electron
devices  in  the  equipment.

CHARACTERISTICS   AND   TYPICAL   OPERATION

Average  Characteristics
Plate  Voltage
Grid  Voltage
Cathode-Bias  Resistor
Amplification  Faotor
Transconductance
Plate  Current

100
0

15500
18

Oscillator  Service
Plate  Voltage
Grid  Resistor  -Adjusted  for  a  plate  current

of  15  milliamperes
Plate  Current
Grid  Current
Frequency
Power  Output,   approximate

150            Volts
Volts

82               Ohms
65

13500           Mlcrothos
13.4            Milllamperes

150            Volts

15            Mil liamperes
¢           Mil liamperes

5900            Megacycles
20           Milliwatts

*    Publication  of  these  data  does  not  obligate   the  General  Electric  Company
to  manufacture  a  tube  with  these  characteristics.

±    The  equipment  designer  should  design  the  equipment  so  that  heater  voltage
is  centered  at  the  specified  bogey  value,  with  heater  supply  variations
restricted  to  maintain  heater  voltage  within  the  specified  tolerance.

§    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.
"    Measured  using  a  grounded  adapter  that  provides  shielding  between  external

terminals  of  tube.
¢    To  be  determined.

11-25-64   (a)
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Y-1251

PHYSICAL  DIMENsloNS

A

aFD|

E-
I

I
I

GF- I

1+
I      M

I

I

uI
I

CBID

cATroDE

HEATERS

CATHODE  RING

Ref. IucHES ELI.IRETERS
Mlnlmun Nonlnal mxlmun Minllnun Nominal mxlmun

A 0.357 0.363 9 . 068 9 .220
8 0.285 7.24
a 0 .180 4.57
D 0 . 108 0 .112 2 . 743 2 . 845
I 0 . 040 1.02
F 0.025 0.031 0.635 0.787
G 0.315 0.335 8.00 8.51
H 0.216 0.232 5.49 5.89
J 0.025 0.031 0.635 0.787
K 0 . 094 0 . 102 2 .388 2 .591
L 0 . 143 0 .157 3.63 3.99
M 0.165 0.185 4.19 4.70
N 0.330 8.38
P 0 . 048 0.054 1.219 1.372
R 0.476 0.484 12 . 090 12 . 294
S 0.130 0 . 142 3.30 3.61

Note:     The  mlllitneter  dlnenslons  are  derived  from  the
original  inch  dlnensions.



TUBE   DEPARTMENT

GEN ERAL ©  EL[CTRI0

0wensboro,  Kentucky



OBJECTIVE   FOR  DEVELOPRENIAI  TYPE

Y-1266*

METAL-CERAMIC   TRIODE

For  UHF  Oscillator  Applications

The  Y-1266  is  a  medium-mu  triode  of  ceranlc-and-metal  planar
construction  prlmarlly  intended  for  use  as  a  UHF  oscillator.

GENERAL

Electrical
Cathode  -  Coated  Unipotential
Heater  Characteristics  and  Ratings
Heater  Voltage,   AC  or  IX:±
Heater  Current§
Direct  Interelectrode  Capacitances"
+   Grid  to  Plate:     (g  to  p)

Input:    g  to  (h  +  k)
Output:     p  to  (h  +  k)

ifechanical
Operating  Position  -  Any

MAxnnlM  RAIIHGs

Absolute-Maximum  Values
Plate  Voltage
Plate  Dissipation
DC  Grid  Current
DC  Cathode  Current
Heater-Cathode  Voltage

Heater  Positive  with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Grid  Circuit  Resistance
Envelope  Temperature  at  Hottest  Point

6.3±0.3         Volts
0. 24          Amperes

1.4          pf
1.4         pf

0.018          pf

350         Volts
4.0         Watt's

15         M111iamperes
40         M1111aaperes

50         Volts
50         Volts

¢
250C



Y-1266*

CHARACTERISTICS   AND   TYPICAI.   OPERATION

Average  Characteristics
Plate  Voltage
Grid  Voltage
Amplif ication Factor
Transconductance
Plate  Current
UIIf  Oscillator  Service
Plate  Voltage
Grid  Resistor
Plate  Current
Grid  Current
Frequency
Power  Output,  approximate

150         Volts
0         Volts

35
8 000         Micromhos

25         Milllalnperes

Volts

Millianperes

ifegacycles
Watts

*    Publlcatlon  of  these  data  does  not  obligate  the  General  Electric  Coapany
to  manufacture  a  tube  with  these  cbaracteristics.

±    The  equipment  designer  should  de§1gn  the  equipment  so  that  heater  voltage
is  centered  at  the  specif led  bogey  value,  with  beater  supply  variations
restricted  to  maintain  heater  voltage  within  tbe  specified  tolerance.

§    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.
fl   Witbout  external  shield.

¢    To  be  determined.
11/25/64   (8)

Supersedes  4/20/64   (8)



Y-1266

Ref.
Inches

Minlmun Nonlnal mximun

A 0.477 0.438
8 0.246 0.254
C 0 . 092 0 .108
D 0.095 0 .103
E 0.025 0 . 031
F 0.094 0 .102
G 0 .120 0 .128
H 0 .165 0.185
J 0.330
K 0.357 0.363
L 0 . 048 0 . 052
M 0 .130 0 . 142



TUBE   DEPARTMENT

GENERAL ©  ELEOTRI0

0wensboro,  Kentucky



OBJECTIVE  FOR  DEVELORENIAL  TYPE

z-2354*    _

CERAMIC   TRI0DE

For  Military  and  Industrial  Applications

The  Z-2354  is  a  low-mi  trlode  of  ceramic  and  metal  planar  construction.
The  tube  is  intended  for  use  as  an  audio-frequency  or  radio-frequency  power-
amplifier  or  as  a  series  regulator,   in  applications  where  unfavorable  condi-
tions  of  temperature,  mechanical  shock,  Inechanlcal  vibration,   and  nuclear
radiation  are  encountered.

GENEEL

Electrical

Cathode  -  Coated  Unipotential

Heater  Voltage,   AC  or  DC+
Heater  Current±
Direct  Interelectrode  Capacitances§

Grid  to  Plate:   (g  to  p)
Input:   g  to  (h  +  k)
Output:   p  to  (h  +  k)

Mechanical

Operating  Position  -  Any
outline  Drawing

6 . 3±0 . 3
0.85

L,.Os8
'A"'|

.027 .•`

PLATE TlIll .,l{±`.oo,.

Cf'ID
I .'Tr£ .oo

CATHODE I
III I    .,73.i.-00

BASElNSuLATOR           --HEATERS.oBo.I.003J
I 1„.,i.00

I"s.i.OO
I.ooo. ±.O'o. .o27.

#..aI
Ath8,a`1F±. ± .003 ,,

I  .,25.i.005.

hi.'5o~Ri.olo-
.e\o6.---`_---E1

±.010-                                         ,
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Z-2354

MAxlmlM  RATINGs

Abs olute-Maximim Values

Plate  Voltage
Positive  DC  Grid  Voltage
Negative  DC  Grid  Voltage
Plate  Dissipation
DC  Cathode  Current
Heater-Cathode

Heater  Positive  with  Respect  to  Cathode
DC  Component

Total  DC  and  Peak
Heater  Negative  with  Respect  to  Cathode

Total  DC  and  Peak
Grid  Circuit  Resistance

With  Fixed  Bias
With  Cathode  Bias

Envelope  Temperature  at  Hottest  Point

330         Volts
0         Volts

100         Vol ts
12         Watts

100         M1111axperes

100         Volts
200         Volts

200         Volts

0. 25          Megohus
1. 0          Megohus
400C

Absolute-Maxlmun  ratings  are  llmitlng  values  of  operating  and  environmental
conditions  applicable  to  any  electron  tube  of  a  specified  type  as  defined  by
its  published  data  and  should  not  be  exceeded  under  the  worst  probable  conditions

The  tube  manufacturer  chooses  these  values  to  provide  acceptable  service-
ability  of  the  tube,  making  no  allowance  for  equipment  variations,  environmental
variations,  and  the  effects  of  changes  in  operating  conditloas  due  to  variations
in  the  characteristics  of  the  tube  under  consideration  and  of  all  other  electron
devices  in  the  equipment.

The  equipment  manufacturer  sbould  de .ign  so  that  initially  and  throughout
life  no  absolute-maximum value  for  the  intended  service  is  exceeded  with  any  tube
under  the  worst  probable  operating  condltious  with  respect  to  supply-voltage
variation,  equipment  component  varlatlon,  equipment  control  adjustment,  load
variation,  signal  variation,  environmental  conditions,  and  varlatlons  in  the
characteristics  of  the  tube  under  consideration  and  of  all  otber  electron  devices
in  the  equipment.

CHARACTERISTICS  AND  TYPICAL   OPERATION

Average  Characteristics

Plate  Voltage
Cathode-Bias  Resistor
Amplification  Factor
Plate  Resistance,   approximate
Transconductance
Plate  Current
Grid  Voltage,  approximate

Ib  =   100  Microamperes

250         Volts
33 0          Ohms
8.0

13 3 0          Ohms
6 000         Micromhos

60        Mill lamperes

-52         Volts

I
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z-2354

SPECIAL  TESTS   AND  RATINGS

Stability  Life  Test
Statistical  sample  operated  for  twenty  bours  to  evaluate  and  control
initial  variations  in  transconductance.

Survival  Rate  Life  Test
Statistical  sample  operated  for  one  bundred  hours  to  evaluate  and  control
early-life  electrical  and  mechanical  inoperatives.

Heater-Cycling  Life  Test
Statistical  saxple  operated  for  2000  cycles  to  evaluate  and  control  heater-
cathode  defects.    Conditions  of  test  include  Ef  =  7.5  volts  cycled  for  one
minute  on  and  one  minute  off,  Eb  =  Ec  =  0  volts,   and  Ehk  =  135  volts  witb
heater  positiire  with  respect  to  catbode.

Shock  Rating  -  600  G
Statistical  sample  subjected  to  five  impact  accelerations  of  600  G  in  eacb
of  four  different  positions.    The  accelerating  forces  are  applied  by  the
Navy-type,  High  Impact  (flyweigbt)   Shock Machine  for  Electronic  Devices  or
its  equivalent.

Fatigue  Rating  -  10  G
Statistical  sample  subjected  to  vibrational  acceleration  of  10  G  for  48
hours  minimm  in  each  of  two  different  positions.    The  sinusoidal  vibra-
tion  is  applied  at  a  fixed  frequency  between  25  and  60  cycles  per  second.

Altitude  Rating  -   100000  Feet
Statistical  sample  subjected  to  pressure  of  8.0  millimeters  of  mercury  to
evaluate  and  control  arcirig  and  corona.

Note:    Tbe  conditions  for  some  of  the  indicated  tests  have  deliberately  been
selected  to  aggravate  tube  failures  for  test  and  evaluation  purposes.
In  no  sense  should  these  conditions  be  interpreted  as  suitable  circuit
operating  conditions.

*    Publication  of  these  data  does  not  obligate  the  General  Electric  Company  to
manufacture  a  tube  with  tbese  characteristics.

+    The  equipment  designer  should  design  the  equipment  so  that  the  heater  voltage
is  centered  at  the  specified  bogey  value,  witb  heater  supply  variations  re-
stricted  to  maintain  heater  voltage within  the  specified  tolerance.

±    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§    Without  external  shield.

¢    To  be  determined.

2. / L5 I 63   (8)
Supersedes   11/29/62   (a)



RECEIVING   TUBE   DEPARTMENT

GENERAL ©  ELECTRIC

Owensboro,  Kentucky



OBJECTIVE   FOR  DEVELOPRENIAL   TYPE

Z-2689*

PLANAR  DIODE

The  Z-2689  is  a  cathode-type  diode  of  ceramic  and  metal  planar
construction  intended  for  use  as  a  low-current  rectifier.

GENERAL

Electrical

Cathode  -  Coated  Unipotential

Heater  Characteristics  and  Ratings
Heater  Voltage,   AC  or  DC+
Heater  Current±
Direct  Interelectrode  Capacitances§

Plate   to  Cathode
Heater  to  Cathode

Mechanical

Operating  Position  -  Any

Outline  Drawing

6.3±0.6             Volts
0.4            Amperes

.765~             _,                    .'75ff                        ,         .55ow         ,-11111-Ill .075 „
_         D'A.         -
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PLATE         I 11 '
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MOUNTING_
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-±t
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Z-2689

MAXIMUM  RATINGS

Des ign-Maximum  Values

Peak  Inverse  Plate  Voltage
Steady-State  Peak  Plate  Current
DC  Output  Current
Heater-Cathode  Voltage

Heater  Positive  with  Respect  to  Cathode
DC  Component
Total  DC  and  Peak

Heater  Negative  with  Respect  to  Cathode
DC  Component
Total  DC  and  Peak

Envelope  Temperature  at  Hottest  Point

1000            Volts
150           Milliamperes
25           Mil lianperes

175             Volts
225            Volts

175             Volts
225            Volts
300C

Design-Maximum  ratings  are   limiting  values  of  operciting The  equipment  manufacturer  should  design  so  that  initicllly
and  environmental  conditions  applicable  to  a  bogey  electron and  throughout  life no design-maximum value for the intended
tube  of  a  specified   type  as  defined   by  its  published   dataandshouldnotbeexceededundertheworstprobableconditions.Thetubemclnufacturerchoosesthesevaluestoprovideacceptableserviceabilityofthetube,makingallowancefortheeffectsofchangesinoperatingconditionsduetovcr- service   is   exceeded   with   a   bogey   tube   under   the   worstprobableoperatingconditionswithrespecttosupply-voltagevariation,equipmentcomponentvariation,equip-mentcontroladiustment,loadvariation,signalvariation,environmentalconditions,andvariationsinthecharacteristics

iations  in  the  characteristics  of  the  tube  under  considercltion. of  all  other  electron  devices  in  the  equipmenl.

AVERAGE  CHARACTERISTICS

Tube  Voltage  Drop
Ib  =  40  Milliamperes  IX3 15            Volts

*    Publication  of  these  data  does  not  obligate  the  General  Electric  Company
to  manufacture  a  tube  with  these  characteristics.

+    The  equipment  designer  should  design  the  equipment  so  that  heater  voltage
is  centered  at  the  specified  bogey  value,  with  heater  supply  variations
restricted  to  maintain  heater  voltage  within  the  specified  tolerance.

i    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§    Without  external  shield.

2.|18163   (8)
Supersedes   11/29/62   (8)
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AVERAGE   PLATE   CHARACTERISTICS
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RECEIVING   TUBE   DEPARTMENT

GENERAL ©  ELEOTRlo
Owensboro, Kentucky



OBJECTIVE   FOR  DEVELOPMENIAL  TYPE

Z-2692*

CERAMIC-GLOW  DISCIIARGE   DI0DE

For  Voltage-Reference  Applications

The  Z-2692   is  a  ceramic,   cold-cathode,   glow-discharge  diode  designed  for
voltage-reference  service  in  electronically  regulated  d-c  power  supplies.    The
Z-2692  is  especially  suited  for  use  where  unfavorable  conditions  of  temperature,
mechanical  shock,  and  lnechanical  vibration  are  encountered.

GENERAL

Electrical

Cathode   -  Cold

Mechanical

Mounting  Position  -  Any
Outline  Drawing



Z-2692

REI" RATINGS

Absolute-Maximum  Values

DC  Cathode  Current
MaLxfurm
Mlnimun

Envelope  Texperature

10             Milllamperes
1.0               M1111amperes
300C

Absolute-Maximum  ratings  are  llmitlng  values  of  operating  and  envlronnental
conditions  applicable  to  any  electron  tube  of  a  specified  type  as  defined  by  its
published  data  and  should  not  be  exceeded  under  the  worst  probable  condltlons.

The  tube  manufacturer  cbooses  these  values  to  provide  acceptable  service-
ability  of  the  tube,  making  no  allowance  for  equlpnent  variations,  envlrornental
variations,  and  the  effects  of  changes  in  operating  condltlons  due  to  varlatlous
ln  the  cbaracteristlcs  of  the  tube  under  conslderatlon  and  of  all  other  electron
devices  ln  the  equipment.

The  equipment  manufacturer  sbould  design  so  that  lnltially  and  tbroughout
life  no  absolute-maximum value  for  the  intended  service  ls  exceeded  witb  any
tube  under  the worst  probable  operating  conditions  with  respect  to  supply-voltage
variation,  equipment  coaponent  variation,  equipment  control  adjustment,   load
variation,  signal  variation,  environmental  condltlons,  and  varlatlons  ln  the
characterlstlcs  of  the  tube  under  cousideratlon  and  of  all  other  electron  devices
ln  the  equipment.

AVERAGE  CHARACTERISTICS

Anode  Voltage  Drop
Anode  Current  1.5  M111iamperes
Anode  Current  2 .5  M111iaxperes
Anode  Current  3.5  M1111aaperes
Anode  Current  5.0  Milllarperes
Anode  Current  10  M1111anperes

Anode  Breakdown  Voltage
In Ahoient  Light,  maximm
In  Total  Darkness,  maxlmun

Regulation,  maximum
Anode  Current  1.0  to  10  M1111aperes
Anode  Current  1.5  to  3.5  M111iaaperes

Voltage  Jump,  maxlmun+
Anode  Current  1.0  to  10  M1111aperes

Drif t, maxl-
Envelope  Temperature

Durltig  First  24  Hours  of  Operation
Anode  Current

2 .5  M1111aperes
5.0  Milllanperes

FTon  24  Hours  to  100  Hours  of  Operation
Anode  Current

2 .5  M1111amperes
5.0  M1111anperes

83 . 0±0 . 5
83 . 5±0 . 5
84 . 0±0 . 5
85 . 0±0 . 5
87 . 0±0 . 5

50C                300C

loo               loo
loo              1000

5050
50                 250

Volts
Volts
Volts
Volts
Volts

Volts
Volts

Volts
Volts

milivolt8

mllivolts
Milllvolts

M1111volts
M1111volts



Z-2692

AVERAGE  CHARACTERISTICS Continued

50C                  300C

From  100  Hours   to  1000  Hours  of  Operation
Anode  Cunent

2 .5  M1111amperes
5.0  M1111amperes

From  1000  Hours   to  End  of  Life
2 .5  Mllliaaperes

5.0  Milllanperes

200                 200
250                 500

loo                500

150               1000

Repeatabillty,  maximun±
Anode  Current  5.0  Milllamperes

Temperature  Coefficient  of  Operating  Voltage,  average
-50C   to  +25C

25C   to  300C

300C   to  50cO

SPECIAL  TESTS   AND  RATINGS

100

M111ivolts
M111ivolts

M111ivolts  per
1000  Hours
M1111volts  per
1000  Hours

M111ivolts

M1111volts  per
Degree  a
Milllvolts  per
Degree  C
M1111volts  per
Degree  C

Shock  Rating  -   720G
Statisitcal  saple  subjected  to  five  1"pact  accelerations  of  720G  in  eacb
of  four  dlfferetit  positions.    The  accelerating  forces  are  applied  by  the
Navy-type,  High  Impact  (flyweight)  Shock Machine  for  Electronic  Devices  or
its  equivalent.

Fatigue  Rating  -  loo
Statlstlcal  saaple  subjected  to  vibrational  acceleration  of  loo  for  48  bours
mlnimuni  in  each  of  two  different  posltlons.    The  slnusolldal  vlbratlon  ls
applied  at  a  fixed  frequency  between  25  and  60  cycles  per  second.

Altitude  Rating  -  100000  Feet
Statlstlcal  sample  subjected  to  pressure  of  8.0  millimeters  of  mercury  to
evaluate  and  control  arclng  and  corona.

Note:    The  conditions  for  sore  of  tbe  indicated  tests  have  deliberately  been
selected  to  aggravate  tube  failures  for  test  and  evaluation purposes.
In  no  sense  should  these  conditions  be  interpreted  as  suitable  circuit
operating  conditions .

*    Publlcatlon  of  tbese  data  does  not  obligate  the  General  Electric  Coapany  to
manufacture  a  tube with  these  characterlstlcs.

+    Voltage  jump  ls  clef ined  as  a  sudden  jump  ln  anode  voltage  drop  when  the  operating
current  ls  varied  slowly  over  the  speclfled  operating  range.

±    Repeatabillty  is  clef lned  as  the  maxlmun  cbange  ln  anode  voltage  drop  between
successive  flrlngs  of  the  tube.

12/8/61   (8)
Supersedes     6/27/61  (8)
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OBJECTIVE   FOR  DEVELOPMENIAL   TYPE

Z-2731*

DIODE

The  Z-2731  is  a  single,  heater-cathode  diode  of  ceramic  and  metal  planar
construction.    The  tube  is  intended  for  application  as  a  power  rectifier.

GENERAL

Electrical

Cathode  -  Coated  Unipotential

Heater  Characteristics  and  Ratings
Heater  Voltage,   AC   or  IX}
Heater  Current

Mechanical

Operating  Position  -  Any

Outline  Drawing

6.3±0.6             Volts
1.0           chperes

HEATERS
•174.I.oo5.,I±#.,73.i.oo5.±i#'"3,i.oo5.

CATHODE       _

PLATE

±* .,74i.oo5'

MAXIMUM   ECCENTRICITY

OF  INSULATORS   .020"

FROM  CENTEP   LINE.



Z-2731

MAXIMUM  RATINGS

Rectif ier  Service  -  Absolute-Maximum  Values+

Peak  Inverse  plate  voltage                                                           1000           Volts
AC  Plate-Supply  Voltage  per  Plate   -  See  Rating  Chart  I
Steady-State  Peak  Plate  Current  per  Plate
Transient  Peak  Plate  Current  per  Plate,

Maximum  Duration  0.2   Second
DC  Output  Current  -  See  Rating  Chart  I
Heater-Cathode  Voltage

Heater  Positive  with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Envelope  Temperature  at  riottest  Point

1.1             Amperes

5.5             Amperes

300            Volts
300            Volts
¢c

Absolute-Maximum ratings are  limiting values of operating
cind    environmental    conditions    applicable    to    any   electron
tube  of  a  specified  type  as  defined   by  its   published   data
and  should  not  be  exceeded  under the  worst  probable condi-
tions,

The   tube   manufacturer   chooses   these   values   to   provide
acceptable  serviceability  of  the  tube,  making  no  allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  vciriations
in  the  characteristics  of  the  tube  under  consideration  and  of

all  other  electron  devices  in  the  equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value   for
the   intended   service   is   exceeded   with   any   tube   under   the
worst  probcible  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmentcil   conditions,   and   variations   in   the  characteris-
tics  of  the  tube  under  consideration  and  of  all  other  electron
devices  in  the  equipment.

CHARACTERISTICS   AND   TYPICAL   OPERATION

i     Half-Wave  Rectifier  with  Capacitor-Input  Filter

AC  Plate-Supply  Voltage,  Rue
Filter  Input  Capacitor
Total  Plate-Supply  Resistance
DC   Output  Current
DC  Output  Voltage  at  Filter  Input

+     Tube  Voltage  Drop
Ib  =  300  Milliamperes 37

Volts
Microfarads
Ohms
Milliamperes
Volts

Volts

*    Publication  of  these  data  does  not  obligate  the  General  Electric  Company
to  manufacture  a  tube  with  these  characteristics.

+     To  simplify  the  application  of  the  maximum  ratings  to  circuit  design,   the
Absolute-Maximum  ratings  are  presented  in  chart  form  as  Rating  Charts  I,
11,  and  Ill.    Rating  Chart  I  presents  the  maximum  ratings  for  a-c  plate-
supply  voltage  and  d-c  output  current.    Rating  Chart  11  provides  a  con-
venient  method  for  checking  conformance  with  the  maximum  steady-state
peak-plate-current  rating.    Rating  Chart  Ill  offers  a  convenient  method
for  checking  conforrnance  with  the  maximum  transient  peak-plate-current
rating.    Rating  Chart  I  applies  to  both  capacitor-input  and  choke-input
filters,  while  Rating  Charts  11  and  Ill  apply  to  capacitor-input  filters
Only .
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Z-2731

Operating  points  should  be  so  selected  that  the  boundary  limits  of  a-c
plate-supply  voltage  and  d-c  output  current  on  Rating  Chart  I,  and
maximum  d-c  output  current  per  plate  and  rectification  efficiency  on
Rating  Chart  11,   are  not  exceeded  with  any  tube  under  the  worst  probable
operating  conditions  with  respect  to  supply-voltage  variation,  equipment
coaponent  variation,  equipment  control  adjustment,  and  envirormental
conditions.     On  Rating  Chart  I  the  boundary  FAEDG  defines   the  limits
for  capacitor-input  filter  operation,   and  tbe  boundary  FABCDG  defines
the  limits  for  choke-input  filter  operation.

Rating  Chart  Ill  shows   the  minimum  value  of  plate-supply  resistance   (Rs)
required  to  remain within  the  transient  peak-plate-current  rating.    The
value  of  Rs  should  be  such  that  it  lies  to  the  lef t  of  the  line  on  Rating
Chart  Ill  at  the  highest  probable  value  of  line  voltage.

a    To  be  determined.

2|L9163   (8)
Supersedes   12/7/61   (a)
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Z-2731

RATING  CHART  11
I/9/

FOR    CAPACITOR-INPUT    FILTER

1111` THE    BOIJNDARY    CURVE     IS    BASF_D   ON    A

sTEADy-STATE   PEAK   PLATE    cuRRENr    OF

I.I      AWPERES    WAXIMUW.

_
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I Z-2731

OPERATION   CHARACTERISTICS
HALF-WAVE     RECTIFIEFi     WITH      CAPACITOF?-INPUT     F.lLTEF?

11 I Ill 1111111111111111111.11111.11.111-. 11111 111111..11.111111111111111,11111111111

1 I I I I I Ef   --    RATED   VALUE

I II I

C   =   50   uf-...
CuRVE / 2 3145 6I... I
Rs    lN   OHIJS /5 '5 5    I   ,8       jo 45

11 I
BOUNDARY    LINE    DEA    IS    SAME    AS    SHOWN    0N
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OBJECTIVE  FOR  DEVELOPRENTAL  TYRE

Z-2835*

mlcoE

The  Z-2835  is  a  high-mu  trlode  of  ceramic-and-metal  planar  construction.
The  tube  ls  intended  for  radio-frequency  oscillator  and  power-anplifier
applications.

GENERAL

Electrical

Cathode  -  Coated  Unlpotential

Heater  Characteristics  and  Ratings
Heater  Voltage,  AC  or  DC+
Heater  Current±
Direct  Interelectrode  Capacitance8§

+               Grid  to  Plate:   (g  to  p)
+               Grid  to  Cathode  and  Heater:  g  to  (h  +  k)

Plate  to  Cathode  and  Heater:  p  to  (h  +  k)
Heater  to  Catbode:   (h  to  k)

•12S,± .COS,

ifechanical
.050,,

i.010,
Operating  Position  -Any          .i7s.I.oo5.

• I 75 „ ± . a a 5 ,,

.172,,i .005,

PIATE

i75u±.oo5.    i

EE-iEi
±.010„

6 . 3±0 . 3
0.4

1.4
5.1

0.03
2.4

-i.003,
ATtloDE

.10 0,i .0' 0„



Z-2835

ur- RATIREs
Absolute-Maxlmm Values

Plate  Voltage
Posltlve  DC  Grid  Voltage
Negative  IX:  Grid  Voltage
Plate  Dlsslpation
ac  Grid  Current
DC  Cathode  Current
Peak Cathode  Current
eater-Cathode  Voltage

Heater  Positive  with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Grid  Clrcult  Resistance
Vlth  Fixed  Bias
With  Cathode  Bias

Bulb  Temperature  at  Hottest  Point

Volts
Volts
Volts
Watts
M1111axperes
M1111axperes
M1111aperes

Volts
Volts

Megchms
ifegohms
a

Absolute-Maxlmun ratings  are  llmltlng  values  of  operating  and  envlronental
conditions  applicable  to  any  electron  tube  of  a  speclfled  type  as  defined  by  its
published  data  and  should  not  be  exceeded  under  the  Worst  probable  condltlons.

The  tube  manufacturer  chooses  these  values  to  provide  acceptable  servlce-
abllity  of  the  tube,  making  no  allowance  for  equlpDent  varlatlons,  envlrondfntal
variations,  and  the  effects  of  changes  1n  operating  condltlons  due  to varlatlons
ln  the  characteristics  of  the  tube  under  conslderatlon  and  of  all  other  electron
devices  ln  the  equlplnent.

The  equipment  tDanufacturer  should  design  so  that  inltlally  and  throughout
life  no  absolute-maxitmim value  for  the  intended  service  18  exceeded with  any  tube
under  the  Worst  probable  operating  conditions  vlth respect  to  supply-voltage
variation,  equipment  component  varlatlon,  equlplDent  control  adjustment,   load
variation,  signal  varlatlon,  environmental  condltlons,  and varlatlons  ln  the
characteristics  of  the  tube  under  consideration  and  of  all  other  electron  devlce8
in  the  equlpnent.

CHARACTERISTICS  AID  TYPICAL  OPERATION

Average  Characterlstlcs

Plate  Voltage
Cathode-Bias  Resl8tor
Ampllflcation Factor
Plate  Resistance,  approximate
Transconductance
Plate  Current
Grid  Voltage,  approxlnate

Ib  -  10  Microaqperes

200           Volts
6 8          Oho
90

545 0            Ohms
16500           Mlc roqho8

17            M1111axperes

-5.5           Volts



Z-2835

*    Publication  of  these  data  does  not  obligate  the  General  Electric  Coapany  to
manufacture  a  tube  with  these  characteristics.

+    The  equipment  designer  should  design  the  equipment  so  that  the  beater  voltage
is  centered  at  the  specif led  bogey  value,  with heater  supply  variations
restricted  to maintain  heater  voltage witbin  the  specified  tolerance.

±    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§    Without  external  shield.

2/15/63  (a)
Supersedes   12/7/61  (8)



z-2835

AVERAGE  PLATE  CHARACTERISTICS
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I Z-2835

AVERAGE   PLATE  CHARACTERISTICS
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AVERAGE  CHARACTERISTICS
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OBJECTIVE   FOR  DEVELOPRENIAI  TYPE

Z-5099-A*

PLAHAR  TRI0DE

The  Z-5099-A  is  a  high-mu  triode  for  use   in  grounded-grid  Class  C  power
amplifiers,  oscillators,  or  frequency  multipliers  at  frequencies  up  to  2500
megacycles.     Typical  power  output   is   19  watts   at  2500  megacycles   and  40  watts
at  500  megacycles.     The  metal-ceramic  construction  permits  the  tube  to  with-
stand  shock  tests  at  400G.    The  specially  designed  radiator  enables   the  plate
to  dissipate   100  watts  with  conduction  cooling  when  a  heat  sink  sufficient  to
limit  the  seal  temperature  to  200  C  maximum  is  used.

The  Z-5099-A  features  graduated-diameter  disk  seals   for  maximum  eff iciency
in  cavity  and  parallel-line  circuits  thus  assuring  both  low  lead  inductances
and  electrode   isolation.     Other  features   include  high  transconductance  and  low
interelectrode  capacitances.

GENERAL

Electrical

Cathode  -  Coated  Unipotential

Heater  Characteristics  and  Ratings
Heater  Voltage,   AC   or  DC+
Heater  Current±
Cathode  Heating  Time,   minimum
Direct  Interelectrode  Capacitances§

Grid  to  Plate
Grid  to  Cathode
Plate  to  Cathode,   maximum

Mechanical

6.3            Volts
1.0            Axperes
60            Seconds

2.0            pf
6.5            pf

0.029            pf

Mounting  Position  -  Any
Maximum  Diameter                                                                                        159/64            Inches
Maximum  over-all  Length                                                                    2  43/64           Inches
Radiator  may  be  used  as  a  mounting  flange.     Plate,   grid,   cathode  finger
contacts,   and  radiator  mounting  must  be  sufficiently-flexible  to  allow  for
maximum  eccentricities  and  tilt.
Net  Weight,   approximate
Cooling

Plate  and  Plate  Seal  -  Conduction  or  Forced  Air

3.5            ounces

Grid  and  Cathode  Seals  -  Conduction  or  Forced  Air
Radiator  rmist  be  securely  fastened  to  an  appropriate  heat  sink  to  limit
seal  to  maximum  temperature  under  operating  conditions.

Maximum  Temperature  of  Any  Seal 200C



Z-5099-A

MAXIM(JM  RATINGS

Absolute-Maximum  Values

Radio-Frequency  Power  Amplifier  or  Oscillator  -  Class  C  Telegraphy

Key-Down  Conditions  per  Tube  Witbout  Amplitude  Modulation

Heater  Voltage
DC  Plate  Voltage
DC  Cathode  Current
Negative  DC  Grid  Voltage
Peak  Positive  RF  Grid  Voltage
Peak  Negative  RF  Grid  Voltage
DC  Grid  Current
Plate  Dissipation
Grid  Dissipation
Frequency

Volts
Millia"peres
Volts
Vo 1 t s
Volts
Milliamperes
Watts
Watts
Megacycles

Radio-Frequency  Power  Amplifier  or  Oscillator  -  Class  C  Telephony

Carrier  Conditions  per  Tube   for  Use  With  a  Maximum  Modulation  Factor  of  1.0

Heater  Voltage
DC  Plate  Voltagefl
DC  Cathode  Current
Negative  DC  Grid  Voltage
Peak  Positive  RF  Grid  Voltage
Peak  Negative  RF  Grid  Voltage
DC  Grid  Current
Plate  Dissipation
Grid  Dissipation
Frequency

Volts
Milliamperes
Volts
Volts
Volts
Milliamperes
Watts
Watts
Megacycles

Absolute-Maximum  rcitings are  limiting  vcilues of operclting all  other  electron  devices  in  the  equipment.
and    environmental    conditions    clpplicable    to   ciny    electron The   equipment   manufacturer   should   design   so   thclt   ini-
tube  of  a  specified  type  as  defined  by  its  published  data tiolly   c]nd   throughout   life   no   cibsolute-maximum   value   for
and  should  not  be  exceeded  under the  worst  probable  condi- the   intended   service   is   exceeded   with   any   tube  under   the
lions, worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltcige   variation,   equipment   component   vciriation,   equip-
acceplable  serviceability  of  the  tube,  making  no  allowance ment   control   adjustment,   load   variation,   signal   variation,
for  equipment  variations,  environmental  variations,  and   the environmental   conditions,  and   vciriations   in   the  charcicteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  and  of  all  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

CHARACTERISTICS   AND   TYPICAL   OPERATION

Average  Characteristics

Plate  Voltage
Plate  Current
Amplif ication  Factor
Transconductance

600
70

100
24000

Volts
Milliaaperes

Micrombos



Z-5099-A

CIIARACTERISTICS   AND  TYPICAL OPERATION Continued

Class  C  Oscillator,  Grid  Return  Circuit

Frequency
DC  Plate  Voltage
DC  Cathode  Current
DC  Grid  Current
DC  Grid  Voltage
Useful  Power  Output

Megacycles
Volts
Milliaaperes
Milliamperes
Volts
Watts

*    Publication  of  these  data  does  not  obligate  the  General  Electric  Company  to
manufacture  a  tube  with  these  characteristics.

+    The  Z-5099-A  operates  at  frequencies  where  it  is  necessary  to  consider  transit-
tine  effects  of  the  electron  current.    The  principal  effects  influencing  tube
operation  are  the  decrease  in  power  output  and  operating  eff iciency  with
increase   in  frequency,   and  the  bombardment  and  heating  of  the  cathode  by
electrons   from  the  region  of  the  grid,  which  can  be  severe  enough  to  result
in  short  tube  life  and  erratic  operation.     Operating  frequency,  circuit
design  and  adjustment,  grid  bias,   and  grid  current  contribute  to  the  degree
of  cathode  bombardment.     There  is  an  optimum  heater  voltage  which  will  maintain
the  cathode  at  the  correct  operating  conditions.     If  the  conditions  of  operation
result  in  appreciable  cathode  back-heating,   it  may  be  necessary  to  start  dynamic
tube  operation  at  normal  heater  voltage,   followed  by  a  reduction  of  heater
voltage  to  the  proper  value.     A  maximum  variation  of  plus  or  minus   five  percent
in  heater  voltage   is  recormiended  where  extended  tube  life   is  a  factor.

±    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§    ifeasured  in  a  special  shielded  socket.

fl    For  modulation  factors   less   than  1.0,   a  higher  d-c  plate  voltage  may  be  used
if  the  sun  of  the  peak  positive  audio  voltage  and  the  d-c  plate  voltage  does
not  exceed  1200  volts.

21+5163   (P))
Supersedes   9/20/62   (8)



z-5099-A

MAX.  TILT   .015"  T.I.R.
WITH   RESPECT  TO  ANODE   RF  TERMINAL

NorES :

1.     External  metal  parts  plated  with  30  MSI  minimum  of  copper
and/or  silver.

2.     Solder  not  to  extend  radially  beyond  RF  terminal.
3.     The  cathode  RF  terminal  and  grid  RF  terminal  concentric

with  respect  to  tbe  anode  terminal  within  0.020"   (runout
within  0.040„) .

4.    The  heater  terminal  concentric  with  respect  to  the
cathode  RF  terminal  within  0.012"   (runout  within  0.024") .

5.    Measure  at  two  diametrically  opposite  points  and  average
reading .
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OBJECTIVE   FOR  DEVELOPRENTAL  TYPE

Z-5267*

PLAIAR  TETRODE

The  Z-5267   is  a  planar  tetrode  primarily  designed  for  grounded-grid  radio-
frequency  power  amplif ier  or  oscillator  service  at  frequencies   to  3000  mc  and
beyond .

The  Z-5267  combines  small   interelectrode  spacings  with  a  thermally  stable
electrode  structure  and  low  lead  inductance.     The  envelope  and  electrode  terminals
are  designed  for  efficient  utilization  of  cavity  resonators  at  the  higher  frequencies
and  of  line-type  and  lumped-constant  circuits  at  the  lower  frequencies.

GENERAL

Electrical

Cathode  -  Coated  Unipotential

Heater  Characteristics  and  Ratings
Heater  Voltage,   AC   or  DC+
Heater  Current±
Cathode  Heating  Time,   minimum
Direct  Interelectrode  Capacitances,   approximate§

Grid-Number  2   to  Plate
Grid-Number   I  to  Cathode
Grid-Number   I   to  Grid-Number  2

Mechanical

Mounting  Position  -Any
Net  Weight,   approximate

+        Envelope  Temperature ,   maximum
Cooling-Forced  Air

6.3±0.3             Volts
1. 9             Amperes

2            Minutes

4pf
18pf
30pf

4            Ounce s
300C



Z-5267

MAxnnIM  RATINGs

Absolute-Maximum  Values
Radio-Frequency  Power  Amplifier  and  Oscillator  -    Class  C  Telegraphy

IX}  Plate  Voltage
DC  Screen  Voltage
DC  Grid-Number   1  Voltage
DC  Plate  Current
DC  Grid-Number   1  Current
DC  Cathode  Current
Plate  Input
Plate  Dissipation
Screen  Dissipation

Volts
Volts
Volts
Milliamperes
Milliamperes
Milliamperes
Watts
Watts
Watts

Pulsed  Operation

Ratings  have  not  been  determined.     As  a  guide,  peak  plate  voltages  up  to  3
kllovolts  and  peak  cathode  currents  up  to  7.5  axperes  may  be  considered,
depending  upon  duty  cycle.    For  grid-pulsed  operation  care  should  be  taken  that
the  maximum  screen  dissipation  is  not  exceeded.     The  screen  may  be  pulsed  up  to
800  volts  positive.

Absolute-Maximum ratings are limiting values of operating all  other electron  devices  in  the  equipment.
and   environmental   conditions   applicable   to   clny   electrontubeofclspecifiedtypeasdefinedbyitspublisheddal.aandshouldnotbeexceededundertheworstprobablecondi-lions. The   equipment   manufcicturer   should   design   so   that   ini-tiallyandthroughoutlifenoabsolute-maximumvaluefortheintendedserviceisexceededwithanytubeundertheworstprobableoperatingconditionswithrespecttosupply-

The   tube   manufacturer   chooses   these  values   to   provide voltage   variation,   equipment   component   varicition,   equip-
acceptable  serviceability  of  the  tube,  making  no  allowanceforequipmentvariations,environmentolvariations,andtheeffectsofchangesinoperatingconditionsduetovaricltions ment   control   adiustment,   load   variation,   signal   variation,environmentalconditions,andvariationsinthecharacteris-ticsofthetubeunderconsiderationandofcillotherelectron

in  the  characteristics  of  the  tube  under  considerc]tion  and  of devices  in  the  equipment.

CHARACTERISTICS   AID  TYPICAL   OPERATION

Average  Cbaracteristics

Plate  Voltage
Screen  Voltage
Grid-Number   1  Voltage
Transconductance
Amplif ication  Factor   (G|   to  G2)
Plate  Current

Radio-Frequency  Power  Aaplifier  -  3000  Megacycles

IX}  Plate  Voltage
DC  Screen  Voltage
DC  Grid-Number   1  Voltage
DC  Plate  Current
DC  Screen  Current
DC  Grid-Number   1  Current,   approximate
Driving  Power,   approximate
Useful  Power  Output,   approximate
Bandwidth,   approximate

1000
300

-1.2

60000
60

160

Volts
Volts
Volts
Microrfuos

Milliamperes

Volts
Volts
Volts
Milliamperes
Millianperes
Milliamperes
Watts
Watts
ifegacycles



Z-5267

*    Publication  of  these  data  does  not  obligate  the  General  Electric  Company  to
manufacture  a  tube  with  these  characteristics.

+    Lower  voltages  may  be  used  to  improve  the   life  at  low-cathode-current  levels.
For  specif ic  recormiendations,   contact  your  General  Electric  tube  sales
representat ive .

±    Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§    Without  external  shield.

8|L4162   (A)
Supersedes   7/30/62   (8)
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OBJECTIVE   FOR   DEVELOPMENTAI   TYPE

Z-5317*

PLANAR   TRIODE

The  Z-5317  is  a  high-mu,  metal-and-ceramic  planar  triode  intended  for
operation  as  a  CW,  radio-frequency  power  amplifier  or  frequency  multiplier.
The  Z-5317   is   a   low-frequency,   CW  version  of   the   6442.

GENERAL

Electrical

Cathode-Indirectly  Heated

Heater  Characteristics  and  Ratings
Heater  Voltage,   AC   or  DC
Heater  Current
Direct  Interelectrode  Capacitances ,  approximate

6.3=i5%         volts
0. 75             Amperes

Minimum       Bogey     Maximum
Grid  to  plate                                        2.10              2.3
Grid   to  Cathode,   Eh  =  0                 4.60               5.1
Plate   to  Cathode,   Eh  =  0                                 0.035

Mechanical

Operating  Position  -  Any
Cooling  -  Conduction  and  Convection
Envelope  Temperature
Net  Weight,   approximate

MAXIMIJM  RATINGS

175C
1             Ounce s

Absolute-Maximum  Values

Radio-Frequency  Power  Amplif ier  and  Oscillator  -  Class  C  Telegrapby

Key-down  Conditions  per  Tube  Without  Alxplitude  Modulation+

Frequency
DC  Plate  Voltage
Negative  DC  Grid  Voltage

1000            Megacycles
350            Volts

50           Volts



Z-5317

MAXIM(JM  RATINGS Continued

DC  Plate  Current
DC  Grid  Current
Plate  Dissipation
Peak  Heater-Cathode  Voltage

Heater  Positive  with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Envelope  Temperature  at  Hottest  Point

35
15

8.0

90
90

175

Milliamperes
Milliamperes
Watts

Volts
Volts
C

Absolute-Maximum  rc]tings  are  limiting values of operating
and   environmental   conditions   applicable   to   any   electron
tube  of  a  specified  type  as  defined   by  its  published  dclta
and  should  not  be exceeded  under the worst  probable condi-
l.ions,

The   tube   manufacturer   chooses   these   values   to   provide
clcceptable  serviceability  of  the  tube,  making  no  allowance
for  equipment  vciriations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  tube  under  consideration  and  of

all  other electron  devices  in  the  equipment.
The   equipment   manufcicturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value   for
the   intended   service   is   exceeded   with   clny   tube  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,  and  variations  in  the  characteris-
tics  of  the  tube  under consideration  and  of  all  other  electron
devices  in  the  equipment.

CHARACTERISTICS   AND  TYPICAL   OPERATION

Class  Ai  Amplifier

Minimum       Bogey       Maximum
Plate  voltage                                                                                     350
DC  Grid  Bias,   approximate                   -1.5            -3.5          -5.25
Amplification  Factor,  approximate,

Ec/Ib  =  35  rna  d-c                                     35                 50                 65
Transconduc tance                                      13500          16500          19000
Plate  current                                                                                   35

Radio-Frequency  Power  Amplifier  -  Class  C  Telegraphy

Volts
Volts

Microthos
Milliaxperes

Frequency                                                                                                 1000           Megacyc les
DC  plate  voltage                                                                                 350           Volts
DC  Plate  Current                                                                                   35           Milliamperes
DC  Grid  current                                                                                   8.0           Milliamperes
Useful  power  output                                                                           5.0           Watts

*    Publication  of  these  data  does  not  obligate  the  General  Electric  Company  to
manufacture  a  tube  with  these  characteristics.

+    Modulation  essentially  negative  may  be  used  if  tbe  positive  peak  of  the
audio-frequency  envelope  does  not  exceed  115  percent  of  the  carrier  conditions

2./T9/63   (8)
Supersedes     5/22/59   (8)
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Z-5317

REFERENCE   NorEs   FOR   OuTLINE  DRAwlNG

Note   1.     Applies   to  minimum  surface   for  anode  d-c  and  r-f  terminal  only.
Other  surfaces  must  not  be  used  for  these  terminal  purposes.

Note  2.     Applies  to  minimum  surface  for  grid  d-c  and  r-f  terminal  only.
Other  surfaces,  except  for  Notes  3  and  4,  must  not  be  used  for
terminal  purposes .

Note  3.     Applies  to  minimum  surfaces  for  grid  d-c  and  r-f  terminal  only.

Note  4.    The  cylindrical  surface  of  this  diameter  may  be  used  for  grid  d-c  and
r-f  terminal  purposes.

Note  5.     The  surfaces  defined  by  Notes  2,   3,   and  4  must  be  the  only  surfaces
used  for  tube  stops  and  clalxping  purposes.

Note  6.     Other  surfaces  must  not  be  used  for  cathode  d-c  and  r-f  terminal
purposes .

Note  7.     Other  surfaces  must  not  be  used  for  anode  d-c  and  r-f  terminal
purposes .

Note  8.    Applies   to  surface  designated  for  cathode  d-c  and  r-f  terminal.
Solder  at  brazed  joint  will  not  exceed  the  maximum  diameter.

Note  9.    The  maximum  eccentricity  of  the  anode  and  cathode  with  respect  to
the  grid  terminal  in  a  prescribed  jig  is  0.010  (or  maximum  total
runout  of  0.020)   and  is  measured  by  indicators  at  the  points  designated.

Note  10.  The  maximum  eccentricity  of  heater-terminal  No.   1  and  heater-terminal
No.   2  with  respect  to  the  grid  terminal  in  a  prescribed  jig  is  0.015
(or  maximum  total  runout  of  0.030)  and  is  measured  by  indicators  at
the  points  designated.

Note  11.  Exhaust  tubulation  must  not  be  subjected  to  any  mechanical  stress.

Note  12.  For  reference  only.     Dimension  does  not  include  any  possible  solder
fillet.

Note   13.   This  area  is  reserved  for   tube  stalxping  and  coding.
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OBJECTIVE   FOR  DEVELOPRENIAL  TYPE

Z-5387*

PLANAR  TRI0DE

The  Z-5387  is  a  high-mu,  metal-and-ceramic  planar  triode  for  use  at  very-
high  and  ultra-high  frequencies   in  grounded-grid,  Class  C  CW  or  pulsed,   power-
alxplifier,  oscillator,  or  frequency-multiplier  circuits.    In  such  service  it
will  operated  from  the  low  frequencies   to  above  3000  negacycles.     Cooling  of
the  tube  envelope   is  accomplished  by  conduction  from  the  contact  circuit  mellbers
with  sufficient  additional  forced  air  to  limit  the  maximum  temperature  at  250  C.

The  tube  has  an  oxide-coated  indirectly-heated  cathode  of  planar-electrode
construction.     The  metal-and-ceramic  envelope  holds  concentricity  to  extremely
close  limits.    The  strength  inherent  in  the  structural  design  allows  shock-
testing  at  400  g.     Graduated-diameter  disk  seals  assure  maximum  efficiency  in
the  use  of  cavity  and  parallel-line  circuits  with  the  resultant  desirable
features  of  both  low  lead  inductances  and  electrode  isolation.    Radio-frequency
losses   in  the  tube  are  kept  to  a  minimum  by  the  special  techniques  and  materials
used.     Other  features  of  the  tube  are  high  transconductance  and  low  interelec-
trode  capacitances.

GErmAL

Electrical
Cathode-Indirectly  Heated

Heater  Voltage,   dependent  upon  operating
conditions+

Heater  Current
Cathode  Heating  Time,   minimum

Transconductance,   Ip  =  75  rna,
Ep  =  600  volts

6.3            Volts
1.05             Amperes

1. 0           Minutes

Minimum          Bogey       Max imum

22,000          24, 800          27,500             Micromhos
Amplif ication  Factor
Direct  Interelectrode  Capacitances

With  External  Shield,  Heater
Voltage  =  0  volts

75                        95                     115

Grid  to  plate                                         1.89              2.01
Grid  to  cathode                                     6.0                6.5
Plate   to  Cathode,   maximum         0.018            0.023

2.13              pf
7.00            pf

0.029             pf



Z-5387

GENERAL Continued

Mechanical
Mounting  Position  -Any

Only  Anode  Flange   to  be  used  as   a  Socket  Stop  and  Clamp
Net  Weight,   approximate

Therml
Cooling

Anode  and  Anode  Seal-Conduction  and  Forced  Air
Grid  and  Cathode  Seals-Conduction  and  Forced  Air

Maximum  Temperature   of  Any  Seal  Under  Any
Condition+

MAxlmrM  RATINGS

Plate-Pulsed  Oscillator  and  Amplifier  -  Class  C

Maximum  Ratings
Absolute-Maximum  Values

Peak  Pulse-Plate-Supply  Voltage
Pulse  Length
Duty  Factor
Negative  DC  Grid  Voltage
Positive  Peak  Grid  Voltage
Negative  Peak  Grid  Voltage
Plate  Dissipation
Grid  Dissipation
Average  Plate  Current
Peak  Plate  Current
Average  Grid  Current
Frequency

2             Ounce s

250C

3500            Volts
6            Microseconds

0 . 003 3
150            Volts
250            Volts
750            Volts

10            Watts
2.0            Watts

10           Milliamperes
3. 0            Amperes
5.0           Milliamperes

3000            Megacycles

Absolute-Maximum  ratings  are  limiting  values of operating all  other  electron  devices  in  the  equipment.
and    environmental    conditions    applicable    to    any    electron The   equipment   manufcicturer   should    design   so   that   ini-
tube  of  a   specified   type  as  defined  by  its  published  datci tially   and   throughour   life   no   absolute-maximum   value   for
and  should  not  be  exceeded  under the worst  probable  condi- the   intended   service   is   exceeded   with   any   tube  under   the
lions. worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equip-
acceptable  servicecibility  of  the  tube,  making  no  allowance ment   control    adiustment,   locid   variation,   signal   variation,
for  equipment  variations,  environmental  variations,  and   the environmental   conditions,  and   variations   in   the  characteris-
effects  of  chcinges  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  cind  of  cill  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.
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CIIARACTERISTICS   AND   TYPICAL   OPERATION

Amplifier  -   1100  Megacycles

Heater  Voltage
DC  Plate  Voltage
DC  Grid  Voltage
Pulse  Length
Duty  Factor
Peak  Plate  Current
Peak  Grid  Current
Driving  Power  during  Pulse,   approximate
Peak  Useful  Power  Output,   approximate

6.0            Volts
1700            Volts

-45            Volts
3. 5            Microseconds

0 . 001
1.9             Amperes
1.1             Amperes
400           watts

1500           watts

*    Publication  of  these  data  does  not  obligate  the  General  Electric  Company
to  manufacture  a  tube  with  these  characteristics.

+    The  Z-5387  operates  at  frequencies  where  it  is  necessary  to  consider
transit-time  effects  of  the  electron  current.    The  principal  effects
influencing  tube  operation  are  the  decrease  in  power  output  and  operating
efficiency  with  increase  in  frequency,   and  the  bombardment  and  heating  of
the  cathode  by  electrons   from  the  region  of  the  grid  which  can  be  severe
enougb  to  result  in  short  tube  life  and  erratic  operation.     Operating
frequency,   circuit  design  and  adjustment,  grid  bias,   and  grid  current
contribute  to  the  degree  of  cathode  bombardment.    There   is  an  optimum
heater  voltage  which  will  maintain  the  cathode  at  the  correct  operating
temperature  for  a  particular  set  of  operating  conditions.    If  the  conditions
of  operation  result  in  appreciable  cathode  back  heating,   it  may  be  necessary
to  start  dynamic  tube  operation  at  normal  heater  voltage  followed  by  a
reduction  of  heater  voltage  to  the  proper  value.    A  maximum  variation  of
plus  or  minus   f ive  percent  in  heater  voltage  is  recommended  where  extended
tube  life  is  a  factor.    Under  all  other  conditions,   the  variation  in  heater
voltage  should  not  exceed  plus  or  minus   ten  percent.    For  application  above
400  megacycles,   recormiendations  are   to  be  obtained  from  the  tube  manufacturer
regarding  the  heater  voltage  to  be  used  under  a  specif ic  set  of  operating
conditions .

±    Where  long  life  and  reliable  operation  are  important,   lower  tube  envelope
temperatures  should  be  used.

2 / T9 / 63  (8)
Supersedes  4/22/60   (8)
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I.    Eilernal   melol  ports  (cicept  rodiatorl  plated  wllh  30 msi  of  copper  and  /or  8llv®r.
2.  Solder  not  to  eilend  rodiolly  beyond  arid  PF lermlnol.
3.  Tolol   indicolcd  runoiil  ol  lhe   orid-conlocl .urloce   one  llte  ¢olllode-conlocl  .urlace

wlth  rospecl  lo  tl`e  anode   Sholl  not eiceed   0.020-
4.  ?::#nsj:i::: 'suhna°,T'n:! :::e:3'ho°,8$2-,.Fontacl .urloce with respect lo the h.a|.I -

5.   Only  this   llonge  lo  be  used  ag  a socket   slop  and  clamp.
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This techobeal informahon i8 proprietwu and i8 furrdehed only as a 8eruice to ou8tomer8.

ZP-1015

Tetrode
Grid -Pulsed Servic e
Grounded -Grid Ope ra,lion

DEVELOPMENTAL

TYPE

ZP-1015
PTI-69A

Page 1
1-31-62

Heat-Sink and Forced-Air Cooled
Metal and Ceramic

The ZP-1015 is a heat-sink-cooledversiqu of the GL-7399 especially designed for p`il8ed-amplifier or oscil-
lator service a,t L-band frequencies.  This tetrode is particula,rly well suited for use in airbomelFF radar equip-
ment.

The tube is  capable Of providing useful output at frequencies up  to approximately  1500 megacycles.

Features  Of the  ZP-1015  include long life and  reliability,  long pulse width and hich gain.

ELECTRICAL

Heater Voltage   ....
Heater Current  ....
Amplification

Minimum      Bogey      Maximum

6.0                 6.3                          6.8       Volts
5.6

Factor,  G2  to  G1   .............
E82=22o705#LLLtLsamps:r:E=#°°V°ltsac.b

Cathode Heating Time

10.5

1
Direct Interelectrode Capacitances*

Cathode  to  Plate t    ....................
input.............................

Output...........

MECENICAL

Mounting Position  - Any
Net Weight, approximately

TIERRAL

Cooling  -Heat-sink and Forced-Air I
Anode Temperature A, maximum .....................

Seals

Amperes

-       Min ute

-Hut
-pHf
-        lJH£

11      Ounces

.250       C

ScreenandControlGrid,approximate  ...........................      1      CubicFootperMinute
HeaterandCathode,approximate   ..............................      1       CubicFootperMinute

CeramicTemperatureatAnyPoint,maLximum   ....................... 200      C

RADIO-FREQUENCY  POWER  AMPLIFIER  -  CIIASS  C

Marimum Ratings
Pulsed Drive,  1250 Megacycles

coPlateVoltage**    .......................................      5       Kilovolts
nePlateL`urrent,duringpulse    ...............................      6      Amperes
DC  Grid-No.  2 Voltage   .........................
DC  Grid-No.  2  Input  ...........................
DC  Grid-No.   1  Voltage   .........................
DC  Grid-No.   1 Current  .........................

......  1.1       Kilovolts

......      5       Watts
Volts
Amperes
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RADIO-FREQUENcy  rowER  AMPLIFIER -cLAss  c  (cONT'D)

Maximum Ratings (Cont'd)

Pulsed Drive,  1250 Megacycles (Cont'd)
Plate  Dissipation  ..............................-........
Pulse Width .  a
Duty  Factor .  a     ...............................,...

Typical operation
Grounded-grid Service at  1100 Megacycles, 3/4^

Ire  Plate  Voltage  .....................................  4.8
DC  Plate Current, during pulse    ......................... 4.2
DC  Grid-No.  2  Voltage   ......................................   1
DC  Grid-No.  2 Current,  during pulse ............................ 100
DC  Grid-No.   1  Voltage   ............................. -200
DC  Grid-No.  1 Current, during pulse ...........................    200
Driving Power at Tube, during pulse     .......................
Power Output,  during pulse  (useful) .........................

.1.5

.11
Pulse Width a   .........................,.................     15
Duty  Factor  ¢   ..........................................   0.01

Watts
Microseconds

Output Circuit
rmovoits
Amperes
movolt
Millianperes
Volts
Milliaxperes
RIlcrvatts
RIIOwatts
Microseconds

* Control grid connected directly to screen grid.
t Complete external shielding between cathode and plate.
±  Forced-air cooling should be applied during the application of any voltages.
A A suitable bea.I-sink clamping  arrangement  must  be  provided  to  limit the  anode hub temperature to the value

specified; the temperature is measured at the point indicated on the outline drawing.
** A mlnlmum surge-umltlng resistance of 50 ohms must be placed between the plate Of the tube and the 8+ pow-

er supply at steady-state voltages greater than 3.5 Hlovolts.
• For applicaLtions that require longer p`ilse8 orhigher duty refer to the tube manufacturer for recommendatLonB.
a Pulse duration measured between points at 70 percent of peak value.  The peakvalue is defined as the marim`im

value Of a smooth curve through the average of the fluctuations over the top portion of the pulse.
¢ Maximum  ratio  of  on-time to elapsed time during any 15 millisecond period.
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CONSTANT  CURRENT  CHARACTERISTIC
GROUNDED-GRID  OPERATION

VOLTAGES  MEASURED  T0  GROUND
SCREEN  VOLTAGE  =  1400  VOLTS
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NorE:S :
/. Br;/rTTOM  oF Cup   MuST   Norr   EiE

IJSED   AS  A  SOCKET   STC/P.
2~MAy.  ECCENTf?/C/TY    a.a/5'
3.MAX. ECCEN7-a/C/TY    a.008"
4. MAy,  EacENTRiciTy     O.ale.'
a MAI`  ECCE:N7-R/C/TY    a.02/"

lA//TH  RESPECT TO  C€N7-ERL/NE
DE7-ERM/NED  BY  CEN7.EPS  OF

ANOZ)E  €  CONTR04:GR/ D TERM/.NALS
€.MAX. ECCENri€lc/7-y  a.008"

wiT.w ez;spEc:I  7T]  cATwOz;E
TERM/NAL.

•030R.MAX.

6£±Gi

(Nc/rrE;*2);)
I.330±.ao5:DI^. /SEAL-OFF

PROTECTIVE  CAP
C 00  NOT IJ9E  AS

CONTACT SuREACE.)

2.2!f3l i.o/o OIA.

ANot)E  TERM/NAL

%F,.MAX.

C4rrHODE    AND
F/LAME^/T    TE:RM/NAL

(NorE: g4) //
F/LAME;N7-CUP  7-ERM/NAL
(Ncf 7-ES* /,5,C)  .

K69087-7287

SCRE:EN -GF?/D TE:RM/NAL

CoNTFeoL-GF?iD  TERMINAL

IIIH
g'##;°TUA%'°AER6A

i.3ie± .Oio DiA.

2 . / 2 I ; .+  . a / a I ) I A .
(Ncrr E + 3)

.iee±.cicKf  DiA.

.32:4±.0o4 D/A.
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DEVELOPMENTAL

TYPE

ZP-1018
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Page 1

12-15-61

This techn.ical i,riformahon ie p!roprietwu and i,8 furnd8hed ordy  as a service to c'uetolner8.

Grid -Pulsed Servic e
Grounded-Grid Operation

ZP-1018

Tetrode Heat-Sink and Forced-Air Cooled
Metal and Ceramic

The ZP-1018  is  a  reduced-size  heat-sinktoooled  versiori  Of  the  GL-6283  especially designed  for  pulsed-
amplifier or oscillator service  at  L-band frequencies.   This tetrode  i8  particularty weu suited  for  use  in  air-
borne radar equipment such as IFF transponders.

The tube is capable Of providing useful output at frequencies up to approximately 1500 megaLcycles.

Features Of the ZP-1018 include long life and reliability, long pulse width and high gain.

EIIECTRICAL                                                                                   Minimum     Bogey     Maximum

Heater  Voltage* .........................-                      6. 3
Heater current   .........................-                     3.8
Cathode  Heating Time    ....................          1
Direct Interelectrode Capacitances**

Cathode  to  Platet    ................. „  .  .  .
mput.....................`........
Output.............................

-      Vol ts
-      Amperes
-      Min ute

-Hut
-uut
-Hpf

MEcruncAL
Mounting Position - Any
Netweight,approximately    ....................................      9       Ounces

THE"AL
Cooling -Heat-sink and Forced-Air ±

Anode  Temperature  §, marimum   ...........
Seals

Screen and Control Grid,  approximate  ........
Heater and Cathode, approximate  ...........

Ceramic TemperaLture at Any Point, maximum  ....

RADIO-FREQUENCY  POWER  AMPLIFIER - CIIASS  C

Marimum Ratings
Pulsed Drive,  1250 Megacycles

DC  Plate Voltage  ......................

...............     250        C

...............         1      CubicFootperMinute

...............         I      CubicFootperMinute

...............     2cO        C

3.5      REovolts
cgPlateCurrevnt,duringpulse   ..............................        5      Amperes
DCGridlNo.2Voltage   ....................................    750       Volts
DCGrid-No.2hput  ......................................         5      Watts
DCGrid-No.1Voltage   ....................................- 200       Volts
Plate  Dissipation  ........................................
Pulse Widthvo    .........................................
Duty  Factorv ¢    .........................................

Typical queration
Grounded-Grid Service at 1100 Megacycles,  1/4 i Output Circuit

DC  Plate Voltage  .........................,...........  2.5
ac Plate Current, during pulse   ...........................  1.4

150     Watts
15      Microseconds

.02

2. 5      RIlovolts
1.0     Amperes
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RADIO-FREQUENCY  POWER  AMPLIFIER  -CLASS C (CONT'D)

Typical q]eration (Cont'd)
IX=  Grid-No.  2  Voltage   ................................
ne  Grid-No.  2 Current,  during pulse .......................
cO  Grid-No.1  Voltage   ................................
co  Grid-No.  1 Current,  during pulse    ......................
Driving Power at the Tube,  during pulse   ................,...
Power Output, dur'ing pulse  (useful)     .......................
PulBe  Width    .......................................
Duty  Factor    ...............................,.......

600      600
500

-70      -70
9080

165         95
1.6        1.0
66

.02        .02

Volts
Milliamperes
Volts
Milliamperes
Watts
RIlowatts
Microseconds

* Under the typical operating conditions shown the filament voltage should be reduced to a.pprorimately 6.0 volts
becau.e Of back-heating resulting from transit time effects.

** Control grid connected directly to screen grid.
t   Complete external shielding between cathode and plate.
I   Forced-air cooling should be applied during the application Of any voltages.
§   A 8uitable heat-sink clamping arrangement must be provided  to  limit the anode hub temperature  to  the  value

specifi.d;  the temperature is measured at the point indicated on the outline drawing.
V   For applications that require longer pulses orhigher duty refer to the tube manufacturer for recommendations .
a   Pul.e duration  is  measured between points  at  70 percent Of the peak value.   The peak value  is  defined as the

marimum value Of a smooth curve  through the average Of the fluctuations over the top portion Of the pulse.
a   Maximum ratio of on-time to elapsed time during any 7.5 millisecond period.
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CONCENTRICITIES:

The  following tota.1 indicator  readings  a.re measur.ed with
respect to a centel`line  determined by the centers  of the
anode ter.minal and contr.ol gr.id terminal.

Diameter A  -0. 030  inches
Diameter a  -0. 016  inches
Diameter C  -  0. 036  inches
Diameter D  -  0. 042  inches

Total indicator I.eading of filament cup terminal diameter
(D) measured with respect to center of cathode and fila-
ment terminal diameter (C)  -0. 016  inches.

K69087-72823 11-24-61
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DEVELOPMENTAL

TYPE

ZP-1024
OrI-76
Page  1
9-1-62

The techtrybeal information is ptroprrietary and ie furrdshed only as a 8erviee to cudemer8.

zP-1024

TRIODE

Internal Feedback for Oscillator Service
Grounded-Grid Operation

Hea.t-Sink and  Forced-Air Cooled
Metal and Ceramic

The  ZP-1024 is a heat-sink-cooled triode  especially designed for pulsed-oscillator service  in  L-band,  pro-
viding useful output at frequencies up to approximately  1700 megacycles.

The tube features  internal feedback which eliminates the need for the complicated external circuit  arrange-
ments normally required in oscillator service.

Other features of the  ZP-1024 are  long life and relia.bility,  long pulse  width and high poweroutput capability.

ELECTRICAL

Heater Volta.ge    .............
Heater  Current  .............
Cathode  Heating Time    ........
Direct Interelectrode CaLpacitances

Cathode to  Plate t   ........
Input....................
Output...................

RECHANICAL

hfrounting Position  -  Any
Net Weight,  approximately

rmnimum      Bogey      Maximum

6.3
3.8

1

0.5
20
7.8

Volts
Amperes
Minute

HHf

HHf
A,Hf

.............................         9                    Ounces

THERRAL

Cooling  -  Heat-sink and  Forced-Air I
Anode Temperature §,  maximum    ...........

Seals
Screen and Control Grid,  approximate  ........
Heater and Cathode,  approximate   ...........

Ceramic Temperature  at Any Point,  rna.ximum  .....

PLATE-PUI.SED  OSCILLATOR  -CLASS  C

Maximum Ratings

DC  Plate Voltage,  during pulse    .....
DC  Plate  Current,  during pulse   .....
DC  Grid Voltage,  during pulse   ......
Plate Dissipation
Pulse Widtho.  .  .
Duty  Factorqp ¢  .

Inf®rTrra.ion for the same €cholog

250C

.........               1

.........               1

.........       200

Cubic  Foot per  Minute
Cubic  Foot per  rmnute
C

Kilovolts
Amperes
Volts
Watts
Microsecond

!€ificctious  of  lllis  type  are  eubi8ct  to  chdngo.  This  device  is  now  onder  dever®pinent  and  i§  made  available  for  experim®ntol  purpo.®!  only.  For  lli®   frost
inform®fion  €oli{endng  fhe  &wh.S  of  this  development,   please  consult  your  l®cpl  Tube  Depertment  Regional   Sales  Office,  or  currenl  Preliminary  TechTlical
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PLATE-PursED  OSCILLATOR  -CI.ASS C (Cont'd)

Typical Opera.tion

Grounded-Grid Service  at  1100  Megacycles,  3/4  A Output Circuit
DC  Plate  Voltage,  during pulse     ............................... 6.0      Kilovolts
DCPlateCurrent,duringpulse    .....................................     6.25       Amperes
DCGridCurrent,duringpulse  .......................................    2.5       Amperes1,              ,,I,  _  ____JL-.15      Kilowatts

.    1      Microsecond
.001

Power Output,  during pulse  (useful)     ..................................
Pulse  Width    ..................................................
Duty  Factor    ..................................................

t Complete external shielding between cathode  and plate.
I Forced-air cooling should be applied during the  application of any voltages.
§  A  suitable  heat-sink  cla,mping  arrangement  must  be  provided to limit the anode  hub temperature to the value

specif ied; the temperature  is measured at the point indicated on the outline drawing.
V For applications that require longer pulses or higher duty refer to the tube  manufacturer for recommenda.tions.
0 Pulse durationismeasured  between  points  at  70  percent  of the peak va,lue.   The peak value  is  defined  as  the

maximum value of a smooth curve through the average of the fluctuations over the top portion. of the pulse.
a  Maximum ratio of on-time to  elapsed time during any  1-minisecond period.
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Diameter
Dialneter
Diamet,er

Total  indicator  reading  of  filament  cup  terminal  diameter
(C)  measured  with  respect,  to  center  of  cr=t,hode  and  fila-
ment  terminal  diameter  (8)  -0.016  inches.

A69087-72842 8-3-62
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This technical, information b8 p'roprietorgi  and i8 furrdshed only  as a Serviee to custolrLer8.

ZP-1025

TRIODE

Internal Feedback for Oscillator Service
G rounded-G rid Opera.tion

DEVELOPMENTAL

TYPE

ZP-1025
FTI-80
Page  1
9-1-62

Heat-Sink and Forced-Air Cooled
Metal and  Ceramic

The  ZP-1025 is a heat-sink-cooled triode especially  designed for pulsed oscillator service in L-band.   This
tube is particularly well suited for use in airborne radar equipment such as IFF transponders.

The tube features internal feedback  which  eliminates the need for the complicated external circuit arrange-
ments normally required in oscilla,tor service.

Other features include small size,  long pulse width capability, long life and reliability.

ELECTRICAL

Heater Voltage*
Heater Current
Cathode  Heating Time    ........
Direct Interelectrode Capacitances

CaLthode to  Plate    .........

Minimum     Bogey      Maximum

6.3
....            3.5                     3.8

................               1

Input..................................
Output.................................

Volts
4.0            Amperes

Minute

HHf
HHf
«uf

RECHANICAL

Mctunting Position -  Any
Net Weight,  approximately     .....................................   3  1/4

THERRAL

Cooling - Heat-Sink and Forced-Air
Anode  Temperature §   .......................................    250
Ceramic Temperature  at Any Point,  maximum  ......................    200

PLATE-PULSED   OSCILLATOR-CLASS   C

Maximum  Ratings
DC  plate voltage, During pulse ................           6.0     Kilovolts
DC  plate  current,  Dul.ing  pulse ..............        10.0     Amperes
DC  Grid voltage, During  pulse ......... __ .... _..     -400     Volts
DC  Grid Current, During
Plate  Dissipa.tion § ......... _.
Pulse  Widt-h .
Duty  Factor¢

5.0     Amperes
110     Watts
10     Microseconds

0.001

Ounces

Typical   Operation
Grounded-Grid  Service  at  1300 Megacycles,  9/4 } Output Circuit

DC  plate  voltage,  During  pulse ......... _..           6.0     Kilovolts
DC  plate  current,  During  pulse ..........           7.0     Amperes
DC  Grid  current,  During  pulse________ ....            4.3      Amperes

(Grid  Resistor = 50  Ohms)
Power  output,  During  pulse  (Useful)       24.0     Kilowatts
Pulse   width ............ _ ................................. `             10      Microseconds
Duty  Factor
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Maximum  Ratings
DC   Plate   Voltage ......., _._ .......... _ ...... _.._ ....... _,
DC  Plate  Current,  During  Pulse_._ ..... _.__...
DC   Grid   Voltage ................ __ ....... _ .................

ELa,:: #fgiEa.t
Duty  Factor¢

GRID-PULSED   OSCILLATOR-CLASS  C

2.5     Kilovolts
3.0     Amperes

-200    Volts
110     Watts
15     Microseconds

0.02

Typical  Operolion
Grounded-Grid  Circuit  at  1100  Megacyles,  1/4 ^ Output

DC    Plate   Voltage__ ..... _._.._.__.._ ................,..  1750
DC  Plate  Current,  During  Pulse ...... _ .....    2.2
DC  Grid  Voltage  Supply**..__ .................- 97

P.cw:rri8uc,:rur,:nB,upiunrjnFUTsue's?i,-;-;fai-;1i?g
Pulse  Width
Duty  Factor

1950      2200Volt8
2.6         2.7 Amperes

_104  -104 Volts
1.2      1.25  Amperes
2.0        2.4 Kilowatts

10          10          10  Microseconds
.02          .02          .02

* Because of back-heating due to transit time effects, it may be necessary to reduce the heater voltage.   For the
1100 mcs,  2 kw,  .02 duty condition, the typical heater voltage  is  5.5 volts.

§  A  suitable heat-sink  clamping  a.rrangement  must be provided to limit the  anode hub temperature to the value
specified.

a Pulse dura.tion is measured  between  points at  70  percent of the peak value.   The  peak value  is defined aLs the
maximum value of a smooth curve through the average of the fluctuations over the top portion of the pulse.

*t#txh£¥us:r:ea:i:r°[i°rne-st[£sTitc°eeoLfa%3eodhtig.eduringanyl-miuisecondperiod.
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(NOTE 2)
3=.:6tt.TACTA|r`EA.
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I 8 &" +-. C) a 5 " D I A .. ``C.

The  following  total  indicaLtor  I.eadings  are  measured with
respect  to  a  centerline  determined  by the  'center.s  of the
anode  terminal  and  ccntrol  grid temiinal.

Dianet,er
Diameter
Diamet,e r

Total  indicator  reading  of  filament  cup terminal  diameter

i:ibm::=:LWL;:ham:::¥::)t: 8?8=:r±::h:::hods and fila-

8-6-62
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TECHNICAL   INFORMATl

These   ratings   represent  tire   design   objective   fror   this
product.   Refer   to   the   Preliminary   Teefenjcal lnformatio
sheet   for   ratings   cLlrrently   achieved   in   the   prngres§io
towards design  objectives.  If  PTI  sheets do  not  exist,  co

T7in tec7mbeal inforrmathon is p!ro'p'r6ctary  arid d8 furvi,Shed only  as a Service to cu8tomer8.

ZP.1026

TRIODE
Grid-Pulsed Amplifier Service
Grounded -Grid Operation

DEVELOPMENTAL

TYPE

ZP-1026
0m-80
Page 1

11-1-62

Heat-Sink and Forced -Air Cooled
Metal and Ceramic

The  ZP -1026 is  a  heat-sink-cooled triode especially designed for grid-pulsed amplifier service  in  L-band.
This tube  is  particularly well suited for use in navigational aid beacons (TACAN).    Features include  small size,
high gain, long pulse width and high duty capability, long life and reliability.
ELEC"CAL

Heater  Voltage* ...............................................
Heater  Current   ................................................
Cathode  Heating Time,  minimum    ...................................
Direct Interelectrode Capacitances

Input....................................................

Output...................................................

Plate -Cathode  ......,.......................................

MECENICAL
Mounting Position  - Any
Net Weight,  approxima,tely     ........................................

ThERRAL
Cooling -Heat-sink and  Forced-air
Anode  Temperature  §  .........
Ceramic Temperature at Any Point ........

bit;-F';6a_r- ¢' : :

CRID-pursED  AMpl.IFIER  -clAss  A82
Maximum Ratings

DC  Plate  Voltage   ..............................................
DC  Plate  Current,  during pulse    ....................................
DC  drid  Voltage    ..............................................
Plate  Dissipation  ..............................................
Pulse  Width    .................................................

Typ ical Ope ration
Grounded-Grid Circuit at 1215 mcs,  3/4 ^ Output

DC  Plate  Voltage   ...............................................
DC  Plate  Current,  during pulse    .....................................
DC  Grid  Voltage    ...............................................
DC  Grid  Voltage,  during pulse   ......................................
DC  Grid  Current,  during pulse  ......................................
Power Output,  during pulse  (useful)     ..................................
Drive  Power, during pulse ......................
Pulse  Width o    ..............................
Duty  Factor    ..................................................

6.3     Volts
3.8     Amperes

1     Minute

15.5       HHf
5.9     quf

0.13     Hrf

31/4    Ounces

250C
200C

2.5     Kilovolts
2.0  .   Amperes

-200     Volts
110     Watts
10     Microseconds

2000     Volts
1.6     Amperes
-75     Volts

0     Volts
.5     Amperes

750     Watts
95     Watts

8     Microseconds
.03

*   Because of back-heating due to transit time effects, it may be necessary to reduce the heater voltage.
§   A suitable heat-sink clamping arrangement must be  provided  to  limit the anode hub temperature to the value

¢   ffae£L::din ratio of on_time to elapsed time during any 250 microsecond period.
a   Pulse duration is measured between points  at  70 percent  of the peak value.    The peak value is defined as the

marimum value Of a smooth curve through the average of the fluctuations over the top portion Of the pulse.

of  this  type  a.®  subied  to  change.  This  device  is  now  under  d®v®lopment  and  is  made  ovailab]e  f®r  oxperimontal  purposes  only.  For  the   nrost
recedt  information  comerning  *ho  stctu§  of  this  development,  please  consult  your  loc`etl  Tube  Department  Regional   Sales  Offlco,  or  cu";I)I  Prelin;inory  Techriical
Information for the Some cafalog  number.
ET.J37

•`,Sise
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Dianet,e I
Diameter
Diamet,e r

Total  indicat,or  reading of  filament  cup teminal  diameter

i:ibm::=:]WL;±ham:::¥i:)t: 8:8±:r±:€h::?hods and fila-
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T7ds tecfmbeal informahon is  p'ro'prielary  and d8 furvi8hed only  as a serviee to custoTri,ere.

ZP-1034

TETRODE

fulsed Service
Grounded-Grid Operation

DEVELOPMENTAL

TYPE

ZP-1034
0TI-88
Page  1

3-15-64

Water Cooled
Metal and  Cera.mic

Integral Water Jacket

The  ZP-1034 is a small-size, four -electrode transmittingtube especially designed for pulsed-amplifier  service
at L-band frequencies.   This tetrode isparticularly well suited for use in ground-based equipment such as steerable
array radar.

The tube is capable of providing useful output at frequencies up to approximately  1500 megacycles.

Feature s of the ZP -1034 include long life and reliability, long pulse width, high gain and broad -banding capability.
These  together  with  such design factors  as an  oxide-coated  cathode,  coarial elements,  and metal-ceramic

construction make the tube well a,dapted to  a.pplication in modern systems where performance and reliability are
important.

ELECTRICAL

Heater  Voltage   ....
Heater  Current  ....
Amplification

Factor,  G2 to  G1   ..................
E92b==2Z:oV#±tL:±a¥be:Bs=±°°°V°LtsDci

Cathode  Heating Time .................
Inrect hterelectrode Capacitances*

Cathode to  Plate t   ...........
hput....................
0ltput...................

MECRANICAL

Mounting  Position  -Any
Net Weight,  approximate  .........

THERMAL

Minimu in            Bo gey            Maximum
6.0                         6. 3                         6. 8             Volts

5. 5                                         Amperes

10.5

1                                                                     Minut e

0.012                                        uuf
24. 0                                            uuf

9. 8                                           uuf

...13              ounces

Cooling - Water and Forced Air ¢
Water  mow

Anode    ....................................................      0. 5 REnimum
Cfallons per
Minute

OutletTemperature   ...........................................      70               MaximumC



ZP-1034
0TI-88
Page 2
3-15-64

THERMAL  (Cont'd.)

Air  Flow
Anode Ceramic,  approximate
Screen and  Control  Grid,  approximate  ........
Heater and  Cathode,  approximate  ...........
Ceramic  Temperature at any  Point ..........

.........         1

.........        1

.........        1
200

RADIO-FREQUENCY  POWER  AMPLIFIER  -  CLASS  C

Maximum Ratings
Pulsed Drive,  1300 Megacycles
DC  Plate Voltage  .........
DC  Plate  Current,  during pulse   ..................
DC  Grid-No.  2  Voltage   ........................
DC  Grid-No.  2  hput#  .............
DC  Grid-No.  1  Voltage   ........
DC  Grid-No.  1  Current    .......
Plate Dissipation # ...............
fulse Width ** tt ...........
mty  Factor ** ¢¢

Cubic  Foot per  Minute
Cubic  Foot per  Minute
Cubic  Foot per  Minute
Maximum  C

........      4      Kilovolts

........      6      Amperes

........  1.1       Kilovolts

.,.......       5       Watts

Typical Operation
Grounded-grid Circuit at 1300 Megacycles, \/4 Output Circuit

DC  Plate Voltage ##   ..........................
DC  Plate  Current during pulse  ...................
DC  Grid-No.  2  Voltage   ........................
DC  Grid-No.  2  Current,  during pulse    ..............
DC  Grid-No.  1  Voltage   ........................
DC  Grid-No.  1  Current,  during pulse    ..............
miving Power at Tube,  during pulse  ...............
Power  Chitput,  during pulse  (useful)    .......
Pulse Width  tt    .....................
Dity  Factor    .......................

* Control grid connected directly to  screen grid.

-225      Volts
1.5      Amperes
750      Watts

.....    15      Microseconds

....    0.01

.............  4.0       Kilovolts

.............  3.5       Amperes

............. 750       Volts
............     75
...........- 150
............  150
............  750

............   7.5

............     15

...........    0.01

Complete  external  shielding between cathode and plate.
Water  and forced air  cooling to be applied during the application of any voltages.
Maximum averaLge value.

Milliamperes
Volts
Milliamperes
Watts
mlowatts
mcroseconds

** For applications that require longer pulsesor higher duty refer to the tube manufacturer for recommendations.
tt Pulse duration measured between pointsat 70 percentof peak value.  The peak value is deflnedas the maximum

value of a  smooth curve through the average of the fluctuations over the top portion of the pulse.
¢¢Maximum ratio of on-time to elapsed time during any  1.5-millisecond period.
##A miliimum  surge-limiting resistanceof 50ohms mustbe placed between the plateof the tube and the 8+ power

supply at steady-state voltages greater than 3.5 kilovolts.
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I .]50±.010 D I A

I .63o ± .a l a D I A IA"

CAT HC)DE.  AND
F` LAM ENT  TEcaM I NA L

F' LAMENT CUP-
TERMINAL

(BOTTOM OF CUP Must
NOT BE USED AS A
SOCKET STOP)

-Z55±.cO5DIA
WA:ITE!R
CON NE CT` ONS

SEAL-OE F PROTECTIVE
CAP  ( 00 NOT USE
AS CONTACT SuRFACE)

ANODE
TERM`NAL

SCREEN GF2\ D
TERMINAL

riM#RN±cA:NTACT

MIN,  OL)T5I E)E
C,ONTflcT AfeEfi

3IZ±-OIO DIA

+I-32
CONTgoL-6R`O  TERMINAL

. 324±.004 DI A .` a"
`.`8e±.oc)5Dia,"C"

CONCENTRICITIES:The  following  total  indicator  readings  are  measured  with
I.espect  to  a  centerline  determined by the  centers  of  the
anode  terminal  and  cont,rol  grid  terminal.

Diameter.
Diameter
Diameter

Total  indicator  reading  of  filament  cup terminal  dialneter

i:ibm::S:ri::LWLi::in:::£ei:) t: 8:8i3rL::h::?h°de  and fila-

A69087-72893 9-63
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Grid-Pulsed Amplifier Service
Gro unded -Grid Operation

ZP.1043

TRIODE
Heat-Sink and Forced-Air Cooled

Metal and Ceramic

The ZP-1043  is  a  heat-sink-cooled triode especially  designed for grid-pulsed amplifier service in L-band.
This tube  is  particularly well suited  for  use  in  navigational  aid application.    Features include small size, long
pulse width and high duty capability, long life and reliability.
ELECTRICAL

Heater  Voltage* .............................
Heater Current
Cathode Heating Time,  minimum ..................
Direct Interelectrode Capacitanc es

Input..................................
Output.....
Plate-Cathode

RECHANICAL

5.0      Volts
2.4      Amperes

1      M inute

16.5      „„f
4.0      „„f
0.1       H„f

Mounting I>osition  - Any
NetWeight,approximately .........................................   2-1/2       Ounces

THERRAL

Cooling - Heat-sink or Forced air
Maximum Anode  Temperature  §  ..............................
Maximum Ceramic  Temperature at Any Point .....................

GRID-PULSED  AMPLIFIER  -  CLASS  C

250C
200C

Maximum Ratings
acPlateVoltage  .............................................         2.5       Kilovolts
acPlateCurrent,duringpulse    ...................................        3.0      Amperes
acGridVoltage    .............................................- 200       Volts
PlateDissipation  .............................................           50       Watts
PulseWidthfl ................................................            10       Microseconds
mty  Factor   ¢fl   ..............................................       0.01

Typ ical Operation
Grounded-Grid Circuit at 1150 mcs,  1/4 \  Output

coPla.teVoltage  .........................................   2000      2000       Volts
DCPlateCurrent,duringpulse    ...............................      1.1       2.25      Amperes
acGridVoltage    .........................................- 80         -80       Volts
DCGridCurrent,duringpulse  ................................   0.35       0.75      Amperes
PowerOutyut,duringpulse(useful)  .............................   1000      2000      Watts
DrivePower,duringpulse ...................................     200         350      Watts
Pulsewidtho   ...........................................        10            10       Microseconds
mtyFactor .............................................    0.010.004

*   Because of back-heating due to transit time effects, it may be necessaLry to reduce the heater voltage.
§   A suitable heat-sink clamping arrangement must be  provided  to  limit the anode  hub temperature to thevalue

d   ff:±LiL:: ratio of on-time to elapsed tine  during any 25o microsecond period.
0   Pulse duration is measured between points at 70 percent of the peak value.   The peak  value  is  defined as   the

maximum value Of a smooth curve through the a,verage of the fluctuations over the top portion of the pulse.
fl    For recommendations on longer pulse width and higher duty factor refer to the manufacturer.
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DEVELOPMENTAL

TYPE

ZP-1044
FTI-149
Page  1

9-14-64
Th¢S techabeal i,roforrowho'n i,8  p'rop'rbctaru  curd i8 funiehed o!rdy  as  c. 8eroi,ce t,o  cwloi:ner8.

zp-1044
TETRODE

Internal  Feedback  for  CW  Oscillator  Service
Grounded-Grid.  Operation

Forced-Air  Coc,1ed`
Metal  and  Ceramic

The  ZP-10hh  is  a  forced-air  cooled  pover  tetrode  especially  designed  for  asr
oscillator  service  through  approximately  1250 megacycles.    This  tube  is  particularly
well  suited  for  use  in  special  applica,tlons  such  as  a  high  level RI'  pouer  Source
operating  over  the  range  of  200  to  1000 megacycles.

The  tube  features  internal  feedback  whicb  elininate8  the  need  for  the  com-
plicated external  circuit  arrangements  normally required  lfl oscillator  service.
This  special  feature  greatly  sinplifies  cavity design,  construction,  and  operation,
particularly where  very broad  frequency  coverage  is  reqplred.

Other  features  include  metal  and  ceramic  coastructlori,  an  integral  radiator
capable  of  dissipating  1500 watts  and an  lndlrectly heated thoriated tungsten
cathode ®

ELECTRICAlj

Hea,ter  Voltage*   ...........................
Heater  Current  at  5.7  Volts   ...............
Heater  Starting  Current   ...................
Heater  Cold  Resistance   ....................
Cathode  Heating  Tine   ® . ® ...................
Dlreet  Interelectrode  Capacitances

Input,   G2  tied  to  Gi   ...................
Output,   G2  tied  to  G|§   .................

M i nipum         Bo gey        Max fuum

17'0
5.5

MECRAINICAlj

Mounting  Position  u  Vertical
Net  Weight,   a,pproximate   a ......................................   3.6

"ERAIJ

6. 0        volt,g
26        Ampere s
36         Ampere a

Ohms
Mlnuteg

AJlf„f

Pounds

Air  Flow fl
Through  Bad.iator,  at  Sea  Level

Plate  Dissipation   ® .....................................        1.5                Kiicrsrati:,g
Air  Flow,   h5   C;  Incoming  Air  Temperature,   Minimum   .......          60  Min       €tiibie  drb!-:i'.¥3{

Sta,tic  Pressure   .a ..,...................................
Heater-to-Cathode  Seals   ................................

per  Minhite
1. 5                 Iache g -Waf Car

8  Min       Cubic  F£€±.
per  Mirj.t2ta
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"ERAL   (CONID. )

Screen-Grid  to  Control-Grid  Seals   ....................

Anode  to  Screen-Grid  Ceramic  Insulator  ...............

Radiator  Hub  Temperature  at  Fin Adjacent  to Anode  Seal  . .
Ceramic  Temperature  at  Any  Point   ........................

CW  RADIO-FREQUENCY   0SCILIATOR   -   CRASS  C

Max:imum  Ratings,  Absolute  Values

DC  Plate  Voltage   ........................................
DC  Grid-No.   2  Voltage   ...................................
DC  Grid.-No.   i  Voltage   ...................................
DC  Plate   Current   ........................................
DC  GI.id-No.   1   Current   ...................................
Plate   Input   .............................................
Grid-No.   2  Input   ........................................
Plate  Dissipation   .......................................

i(

4  Min       C`dbic  Fee+.
per  Mimut,e

6  Mln       Cubic.Feft,
per  Minet,e

180  Max  a
ZOO  Max   C

4000  Max    Volts
600  Max    Volts

-150  Max    Volts
0.7  Max    Amperes

O.10  Max    Amperes
2.5  Max    Kilowat,ts

25  Max    Watts
I.5  Max    Kilowatts

Typical  Operation  -  Ground.ed-Grid  Circuit  up  to  loco Megacycles

DC  Plate  Voltage   .......................................
DC  Grid-No.   2  Voltage   ..................................
DC  Grid-No.   I  Voltage   ..................................
DC  Plate   Curl.ent   .......................................
DC  GI.1d-No.   2   Current   ..................................
DC  GI`id-No.   1  Cur.rent,   appl.oximate   .....................
Power  Output,   approximate   (useful)   .....................

380o             Volt s
500             Volt s

-120             Volt a
0. 500              Amperes
0. 022              Ampere s
O. OT5                Am:pete a

1100             Watt s

Because  the  temperature  of  the  cathode  is  increased  by back  bombardment  of
electrons  at  UHF,  required  heater  voltage  for  optimm  life  d.ecreases  with
increasing  frequency.    The  amount  of  heater  voltage  reduction  is  d.ependeut
on  operating  conditions.

Output  capacitance  measured  between  anode  and  screen  grid.     Coutl.ol  grid
connected.  directly  to  screen  grid.

The  volume  of  cooling  air  iridicated.  for  the  various  seals  is  approxinate  only®
Distribution  of  cooling  air will  vary with the  cavity  configurat,ion  about  t,he
tube.    For most  satisfactory  operation the  maximum  temperature  of  any  point
on  the  tut)e   should  be  below  ZOO  C.     Cooling  18  to  be  pl.ovided.  before  and  during
the  application  of  any voltages.
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HANDLE

vow  AT "A"

TERMINAL

D  FILAMENT
RMINAL

2'

.250  ±Oogr DLA.  tNOTE  3i

!'I"7

23±:l±!T
\le11I.-V

1„6 32E
.„O"I

8"!  I/64" ANODENorE1'SOREE'TERl1\,--,''I
g'±6i

I3.25o"±rolo" DiA.

J/
IT5,3''t

2.525''±.6Id` DIA<
I 1" I11 C'"tONTROL-CRIDTERMINALL`32

r(ij"-'68-..±£
'

55

I

7"+   1'

60"i.0X.DIA.LANu:N,,.,

CATHODE  AN(RETURNTE08"DIA.(NOTETTEBMINALf\'^,LI^rpEt\
+  I               32--'i.532"i.0lo"Dl

I.i

ILL L=            I

£'wi:•375.±olo" I..lJ
TOTAL  INDICATOR  READINGS
NOTE1.     0.020"
NOTE2.     0.030"
NOTE3.     0.060"

TIIE ABOVE  READINGS ARE  MEASURED WITH RESPECT
TO A CENTERLINE  DETERMINED BY THE  CENTERS OF  THE
ANODE  TERMINAL AND CONTROL-GRID TERMINAL

K-69087-72A475
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ZP-1057
TRIODE

Internal  Feedback  for  CW  Oscillator  Service
GI.ounded-Grid  Operat ion

Forced-Air  |3f:,.:i|e i
Metal  and   Cr?raft,£.j~

The  ZP-1057  is  a  forced-air  cooled.  triode  especially  designed  for  CW  osci].Ia+,iir
service  through  approximately  2000 megacycles.    This  tube  is  particularly well  su`it.r'."i
for  use  in  special  applications  such  as  high  level microwave  Signal  generators
operating  cver  an  extremely wide  frequency  range.

The  tube  features  internal  feedback which  eliminates  the  need  for  the  complica.ted~
external  circuit  arrangements  normally  required  in  oscillator  service.    This  special
feature  greatly  sinplifies  ca,vity  design,  const"ction  and.  operation,  Particularly where
very broad  frequency  coverage  is  required.

Other  features  include  small  size  metal  and  ceramic  construction,  a  high  efficierj,::-}-
radiator,  and  an  oxide-coated  cathode  with  inherent  long  life.

ELECTRICAL

Hea,ter  Voltage*   .....................
Heater  Current   ......................
Cathode  Heating  Time   ................
Direct  Interelectrode  Capacitances

Input............................
Output...........................

Mininum       Bogey           Maximim

6.3
3.5               3.8i

15.5
6.5

MEenNICAL

Mounting  Position  -  Any
Net  Weight,   approximately  ..........

mER|,,IATJ

Cooling  -  Forced Air
Through  Radiator.,  at  Sea  Ijevel

Plate  Dissipation  ................
Air  Flow,   45  C  Incoming  Air  Temperature,

minimum     ®  ®  ®  ,   ,  ®   ®  ®   o  ®   ®  ,  ,  ®  ,  ®  ,,,,,,,

Static  Pressure,  approximate   .....
Rad£::::e::bt:eE::a:t%::ida?.::t??...

Ceramic  Temperature  at  Any  Point,  maximu`m

Volts
4. 0         Amperes

Minute

quf
quf

5   3/h    Ounces

300  Watts

7  Cubic Feet  per
Minute

0. 7  Inches-Wats:I

250C
200C
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Ow  RADIO-FREQUENCY  OSCIIIATOR   -   CIASS  C

Maxinun  Rat lnga

DC  Plate  Voltage   ................................
DC  Plate  Current   ................................
DC  Grid  Voltage   .................................
DC  Grid  Current   .................................
Plate  Dissipation  ...............................

Ty|>ical  Operation

Grounded-Grid  Circuit  at  1200 Megacycles,  3/4A  Output

1750    Volts
0.300    Amperes
-150    Volts

0.050    Amperes
300    Watts

DC  plate  voltage   .................................                   1500    Volts
DC  plate   Cur.rent   .................................                 0.275    Amperes
DC  Grid  voltage   ..................................- 125     Volts
DC  Grid  current   ..................................                 0.045    Amperes
Pover  Output,  approximate   (useful)   ...............                    200    Watts

tl    Because  the  temperature  of  the  cathode  is  increased by  back  bcmbardment,  of
electrons  at  UHF,  required  heater  voltage  for  optimum  life  decreases  with
increasing  frequency.    The  amount  of  heater  voltage  reduction  is  dependent
on  operating  conditions.    However,  this  voltage  should  not  be  less  than
5.5  volts.

Forced-air  cooling  to  be  provided before  and  during  the  application  of  any
voltages  to  limit  the  anode  hub  temperature  to  the  iralue  speclfled.
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This techni,cat imformaton ds  propr±etoru  omd is furr.dshed, only  a8  a  8erij`iee to  cu8t,omers.

zp-106|
TRIODE

Internal  Feedback  for  Oscillator  Service
Grid-Pulsed  or Plate-Pulsed  Operation

The  ZP-1061  1s  a  beat-sink-cooled
oscillator  service  ln Ii-band.    The  tube
navlgatlonal  aid applications.

The  ZP-106l  featul.e8  all  necessary
elinlnates  the  need  for the  ccmpllcated
required  in  oscillator  8ervlce.

Other  features  include  Small  8i8e,
long life and reliability.

RECTRICAlj
Heater  Voltage* ....
Heater  Current   ....

DEVELOPMENTAL

TYPE

ZP-1061
0tt-93
Page  I

9-23-64

Heat-Slmf  and Forced-Air  Cooled
Metal  and  Ceramic

trlode  especially deBlgned for  grid-pulsed
ls particularly irell  suited for use  ln

feedback wlthlri the  tube  envelope,  which
external-clrcult  arreingenent8  norrfuly

long pulse width,  high  duty  capablllty,  aDd

Caithod.e  Heating  Pine,  minfuun   ..........................
Direct  Interelectrode  capacitances

Input...............................................
Output..............................................

5.0    Volts
2.4    Ampere6

I   Mloute

16.0    uuf
4.3    uuf

MECHANICAL
Mounting  Position  - Any.
Ivet  Weight,   approxinate   ................................   2-I/2    Ounces

THERAIJ
Cooling  -  Heat-sink  or Forced Air
Maxinun Anede  lenperature# ..............................
Maximum  Ceranlc  Temperature  at  Any  Point   ...............

GRID-PULSED  OSCILIATOR   -   CIASS  C  H
Maxlmun  Ratings

DC  Plate  Voltnge   ....................................
DC  Plate  Current,  aurlng  pulse   ......................
I)a  Grla  Voltage   .....................................
Plate  DIB81patlon   ...................................
Pulse  Wldtb&
Duty Factor¢&

Pulse  Wldth¢

Typical  Operation
Grounded-Grid  Clrcult  at  1090 mcB,  I/4^Output

DC  Plate  Voltage   ....................................
DC  Plate  Current,  during  pulse   ......................
I)a  Grla  Voltage   .....................................
DC  Orld  Current,   during  pulse   .......................
Poser  Output,  during pulse  (useful)  .................

Duty  Factor   .......................................

250C
200C

2.5   Kllovolts
2.0    AmpereB

-ZOO    Volts
50    Watts
10    MlcroBecord8

Volts
Aqperes
Voltl
AmpereB

OcO    W®tt8
Mlcroeecorde

F---i'i:`-`--`-:::;:-:---- ::;;:.:-.-.-     ::ii:-:i-:! -----T--i=: -----i::----- i-::-          -`:-i:::---.--- ;;,:; .---: -----:i.-.;r ,---,..:3:t3           ----.:
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*   Because  of back-heating  due  to  tran81t  tine  effects,  1t  rna,y be  necessary to
redLice  the  heater voltage.

#   A  suitable  heat-glnk  clamping  arraLngement  must  be  provided to  linlt  the  anode
hub  temperaiture  to  the  value  8peclfled.

¢   Mexinun  ratio  of  on-tine  to  elapsed  tine  during  any  250 mlcrosecoad period.

¢    Pulse  duraitlon  ls measured betveen points  at  70 percent  of  the  peck  value.
The  peck  value  ls  defined  at  the  maxinum value  of  a  smooth  curve  through the
average  of the  fluctuations  over the  top portion  of  the  pulse.

&   For  reccmendatlong  on longer pulse  width  aad higher  duty factor refer to the
manufacturer.

XJt Plate-pulsed  oBclllator  operation may be  used  for  con81derably higher  peak
pcmer  output  than that  lndlcated  under typical  operation.    For  reconmendationB
refer to the manufacturer.
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CERAMIC   TUBE   SOCKETS   AND   CAVITIES

The  following   pages   are  a   partial  summary  of  sockets  and

cavities   that   are   available   from   typical   socket   and   cavity

manufacturers.  This  summary  is  by  no  means  all  inclusive,  but

rather is intended to show typical availability only.

The   tubes,   sockets,   cavilies,   and   other   arrangements   dis-

closed  herein  may  be  covered  by  palenls  of  General  Electric

Company  or  others.   Neither  the  disclosure  of  any  informa-

tion   herein,   nor  the  sale  of  tubes  by  General   Electric  Com-

pany,    conveys   any    license   under   patent   claims   covering
combinations   of  tubes   with   such   sockets,   cavities,   or  other

devices  or  arrangements.  In  the  absence  of  an  express  writ-

ten  agreement  to  the  contrary,  General  Electric  Company  as-

sumes   no   liability  for   patent   infringement  or  other   liability

arising  out  of  any  use  of  the  tubes  with  sockets,  cavities,  or

other devices  by any purchaser of lubes  or others.

Since   the   information   presented   in   this   manucll   is   industry-

wide in scope, the  inclusion  of a  tube,  socket,  cavity,  or other

device  in  this  manual  does  not  necessarily  imply or gucironlee

its  availability.
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A          cc]Thode  mount

ffi    for tgpe GL-6299
GL17391

GL-7644
0ERAMI0
TRI0DES

Scale-2" = 1"

SOCKET  CMI9

EXPLODED   VIEW

I.  I1.a..I  corltact

2.  Mounting  .urfac.

3.  Cofhod®  conlacl  (multiple  flng®rs)

4.  Grid  conloc.  (mul.ipl.  flngers)

5.  Plg'®  con,act

6.   Cohnettioh   leads   (1    inch   long,   .ihrl®d   c®pp®r   braid)

M®unl  so(k.I  by  S®ld®ring   (3)   info

a.3'2 + .005-.0
diamct®r   h®I.   ih    mounting    sorfaco.

All    €®rlfocl.   silver    plql®d    for    minimum
conldcl  re.i.Iahc..

Specifications  subiect  to  change  without  notice.

Prinled   in   u.S.A.

ASSEMBLED   VIEW
(,L'b®   ih   P'ac®)



grounded grid
for Type GL-6299

GL17391

GL-7644
0EHAMI0
TF]10DES

SOCKET GO-9

EXPLODED   VIEW

Scale   -2" =  1"

1.      Pl®'e   c®n'ac,

2.     Mounting  siirfac®

3A.  Grid  contact

3B.   Kniir[®d,  thrcad®d  r®Iairiing  ring

4.     Cchode   c®nlacl   (miilh.plo   beryllium   copper   fingers)

5.      I1®al®r  €ohlacl

6.      C®nh®cti®h   I®clds   (I   incl.   I®ng,  tinned   copper  braid)

JVL®unt sock®l by  soldering  3A  into

a.625  ± ..o¥5
diam®l®r   h®I®  in   mounting   surfuc®.

All   cori.acts   silv.r   plaled   for    minimlim
col.tact resislanc®.

W®igl.I  le.s  lhan  %  ounce.

Specifications  subject  to  change  without  notice.

Printed   in   U.S.A.
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Instruments  For  Industry,  lnc. . .1ol  New South Road,  Hicksville,  N.Y.
Overbrook  1-7100   .   Cable Address:  Electronic, Plainview,  N.V.

XV100/6299 VHF  TUBE  SOCKET

This  tube  socket,    designed  specifically for  iise with the   6299
triode,  was  developed for  use inlFlcountermeasures systems
and has  proven to be  most  rugged and  reliable.    Removal  and
replacement of the triode  are permitted  with positive  seating
each time to  assure  identical  electrical  characteristics.

IFI  /  1



The  socket is  small  enough to  retain the  electrical  characteristics  for
high frequencyapplications  and sturdy enough to  meet military  service
conditions.      Problems  of  poor  grounding and varying  circuit  values
resulting  from  the  shift of contacts  and  circuit parts   encountered  in
other tube mounts have been completely overcome.

Careful  engineering  and  design make  the  model  XV100/6299  useable  to
1000 mcor higher  underthe  most severe temperature,  humidity,   shock
and  vibration  conditions.      With  this  socket,    it is  possible to quickly
realize practical UHF lumped  constant circ uitry with ab solute as suranc e
of bandpass  stability as  tubes  are  changed.

Since the  6299  is  intended  primarily  for  grounded  grid  service,   this
socket provides  a minimum  of  inductance  for the  grid  return  path to
ground.    In a  suitably designed chassis,  this  ground plane will  provide
isolation between input and output for amplifier  stability.

The   slide  assembly  permits  quick  replacement of tubes  without  dis-
turbing  any of the associated  circuitry.     This  is  accomplished  by  the
iise  of  spring contacts  which  are  directly connected to  the  circuit  and
maintain  their  position in the  molded  plastic  mount.     Removal of the
tube  cannotcause any  shift of circuit  elements.   For those applications
at ultrahigh frequencies  withlumped constants,  this is a major  advance-
ment.

IFlhas  in production atthe  presenttime various  equipments  using this
tube  socket.    A few  of the  applications  include:

AN/MLQ-26
AN/TLQ-14  (XN-1)
AN/ALQ3448  (XN-1)
AN/MLQ-8

Signal  Corps     Mil  Std 169,   170
Buships                Mil  E  16400
BUAer                   Mil  E  5400
Signal  Corps     Mil  Std 169,   170

In addition,    the  XV100/6299  tube  socket has  found wide  acceptance  in
numerous  industrial  applications.

Figure 1   (opposite)  is  a plot of the tube  seal temperature vs.  ambient
temper.ature  and various  levels  of plate  dissipation on the  6299.      For
ambient temperatures  up to  a.nd including  85°C,  the tube  seal temper-
ature  is  a minimum of 30°  below  the maximum  allowable  temperature
as  published by the  manufacturer.      For  plate  dissipations  up  to  and
including  2.1 watts,  the IFI socket permits the  iise  of the tube at these

IFI  /  2

Instruments  For  Industry,  lnc.  .  .lot  New South Road,  Hicksville,  N.Y.
Overbrook  1-7100   .   Cable Address:  Electronic,  Plainview,  N.Y.
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elevated  temperatures.      For  all  ground  equipments,   the  85°C  limit
shown is beyond  Mil  Std.   169.     For  those  applications  requiring   even
higher  ambient  temperatures,   a  modified  socket  will  be   supplied to
meet the most  stringent  requirements.

Figure 2is  an outline  drawing  of thexv100/6299.    The  .453  dimension,
overall   width   and  mounting  surface   may  be  modified  on  order  for
specialized applications.

Materialis brass,  gold flashed for  rf conductivity.   Dielectric is  cross
linked  styrene  copolymer for lowloss  and low capacitance.   The  spring
contacts  are beryllium  copper,   gold flashed.

Other versions of this  socket  are:

XV101
XV103

for  6442  tubes
for  7077  tubes

IFI  / 4

Instruments  For  Industry,  lnc.  .  .101  New South Road,  Hicksville,  N.y.
Overbrook  1-7100   .   Cable Address=  Electronic,  Plainview,  N.V.
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GENERAL ELECTRIC  TUBE  JETTRON SOCKET
CROSS  REFERENCEA

.r

a
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n

n

A
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n

A
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`P`

n

REGISTERED  TYPES
2C39-B    76-020  Grd.   Grid  Coax.

76-030  Same  as  76-020  (Separate
76-046  H.I.   Punp  Conneccor

2C40-A   No  Socket
2C43         No  Socket

6299    85-040  Gr'd.  Grid,   Thru Barrier
85-050  Same  as  85-040  (with
Radiator  on Anode  Contact)

6442    82-010  Gr'd.   Grid  Coax,   UHF
82-011  Specials  -(Similar  to
82-010  for  Sandwiched  Chassis)
82-046  H.I.   Pudlp  Connector
82-015  Special  Kit

6771    Same  Sockets  as  for  6442
6897    Same  Sockets  as  for  2C39
7077     86-000  Low  Freq.

86-001  Same  as  86-000  (With
Heater  Support  Block)
86-002  Printboard
86-005  Printboard
86-020  Same  as  86-001  (with  Base
and Heater.  Block  of FS-5)
86-040  UHF,   Grd.  Grid,   Thru Barrier
86-041  Same  as  86-040  (With  Stain-
less  Steel Hardware)
86-042  Same  as  86-040  (For  1/16
Chassis)
86-060  Test,   Octal Base
86-070  Gr'd.   Grid  (Sometimes
Soldered Onto Barrier)
86-071  Same  as  86-070  (with
Heater  Support Block)
86-076  Same  as  86-071  (With
Base  of FS-5)
86-080  Printboard Ass'y.
86-085  Printboard  (Kit)

7266    66-000  Low  Freq.,   Low  Capac-
itance
66-080  Printboard Ass'y.
66-081  Printboard  Ass'y.   (Special)
66-085  Printboard  (Kit)
86-110  Hi-Temp,   UHF  (Special)

7296    87-010  Low  Freq.   Ceramic
87-015  Ultra High  Temp.   Alum.
Ceramic  Base
87-020  Low  Freq.   Low  Loss  (KEL-F)
Base
87-025 Grd.  Grid,  Thru Barrier

E¥.-:.z-.._,.-.I

7391     Same  Sockets  as  for  6299
7462     87-000  Low  Fr`eq.

87-001  Gr'd.  Gr`id  Thru Barrier
87-002  Same  as  87-000  (With
KEL-F  Base)
87-005  Test,   Octal Base

7486    Same  Sockets  as  for  7077
7588    Same  Sockets  as  for  7296
7625    Same  Sockets  as  for  7462
7644    Same  Sockets  as  for  6299
7720    Same  Socket  as  7462
7768     86-102  t}HF,   Gr'd.   Grid

86-104  Low  Fr.eq.
86-107  Test,   Octal Base

7784    None
7841     Same  Sockets  as  7266
8081     Same  Sockets  as  7462
8082    Same  Sockets  as  7462
8083    Same  Sockets  as  7462

DEVELOPMENTAL  TYPES
Z-2354    None
Z-2689    (See  7296  -Diode  Version  -

Use  87-010,  -015, -020)
Z-2692    None
Z-2731     None
Z-2823     (See  7768)
Z-2835    Same  Sockets  as  7768

(Z-2823)
Z-2866    86-ogg  Test,   Octal  Base
Z-2867    Same  Sockets  as  7768  (Z-2823)
Z-2868    Same  Sockets  as  7296
Z-2869    Same  Sockets  as  7768  (Z-2823)
Z-2870    Same  Sockets  as  7296
Z-2897     86-108
Z-5099-A   Same  Sockets  as  2C39-B
Z-5267    No  Socket
Z-5317    None
Z-5387    Same  Sockets  as  2C39B
Z-5450    None
Z-5457    None
Z-5460    None

Hi¢nt#£ArT'|SLOGs   ;Sr`:}ff¢:'`:`

DATA  SHEETS  ON   REQUEST
THIS IS A PARTIAL LISTING OF  JETTRON
SOCKETS FOR  GE  TUBES  ---PLEASE
CONTACT OUR HOME OFFICE  FOR MORE
COMPLETE  INFORMATION.
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NEW PRODUCTS

86-102
7768

Z-2823
Z-2835
Z-2867
Z-2869

ANODE  #8790

APPLICATION  SOCKET  -UHF.GR'D.   GRID.
• Tube Stop and Bushing  = KEL-F(Alternate  Glass-

filled Teflon)
• Base Insulator  =  G-10
• Heater  Contacts  =  Be.   Cu. ,  Silver  and Goldplated
• Grid and Cathode Contact  =  Be.  Cu. ,  Silverplated
• Plate Contact  = Brass,  Silver Plated
Note  (Heater  or  Anode  Contact Ass'y.  May be

HEATER #a]£§              Purchased separately).

86-104
7768

APPLICATION SOCKET  for  G. E.   7768  Tube  and
Z-2835,   Z-2867,   and  Z-2869  Developmental  Types.

Z-2823       . Base Insulator  =  Glass silicone G-7
Z-2835       . Heater.  Contacts  =  Be.   Cu.,   Silver  and Gold
Z-2867            Plated.
Z-2869       . Grid and cathode  contacts  =  Silver  plated

• Plate Contact  =  Inconel-X,   Silver  Plated

86-110        APPLICATION  SOCKET  -HI  TEMP.  -UHF  for
a.E.   7266

7266       . Base Insulator  =  Alumina-Alsimag 614
• All Contact  =  Inconel "X"  Gold Plate  over

Nickel
• Mounting Bracket  =  Alum.  alloy
• Washers  =  #505E  Teflon
• Screws  =  Stainless  Steel
• All Leads  = #24  AWG Stranded Wire,   Teflon Insul.

86-114        APPLICATION SOCKET  for  a. E.
Z-2869-1   Developmental  Tube  Z-2869-1.

• Base  Insulator  =  Glass  Silicone  G-7
• Heater  Contacts  =  Be.   Cu. ,  Silver

and Gold Plated
• Grid and Cathode  Contacts  =  Silver

Plated
• Plate  Contact  =  Inconel-X,  Silver Plated

87-001
7462

APPLICATION SOCKET  -  UHF -
GR'D.   GRID for  a.E.   7462  and  7625 Tubes

7625       . Base  Insulator  = KEL-F
• All  Contacts  =  Be.  Cu. ,   Silver  and

Gold Plated
• Grid Plates  =  Brass,  Silver Plated
*  Virtually Complete Isolation is Pro-

vided Through the Inbuilt Barrier

DATA  SHEETS  ON   REQUEST
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CEIIAMIC   TUBE   CAVITY   MANUFACTTJRERS

The  following  is  a  partia.1  summary  of  cavities  a.va.ilable  from  typical  rna.nufacturers.
It   is  not   intended  to  be  all-inclusive  and  should  not  be   construed  a.s  a.n  endorsement
of  the  products  by  General  Electric   Company.      Information  below  wa.s   submitted  by  the
several  companies  to  indicate  their  ca.pa.bilities  in  the   cera.mic  tube  cavity  field..

MANUFACTURER   INFORMAT I0IN

ACF   INDUSTRIES,    INCORPORATED
11  Park  Place
Pa.ra,mus,   INew   Jersey
Phone:     C0lfax  i-hloo

Microwave   Components   Division
AERO   GE0   ASTR0   CORPORATION

Alexandria,  Virginia
Contact:      C.   Beaty
Phone: (703)   354-2ooo

AMERAc   INcoRpoRATm
Dunha.in  Road
Beverly,   Mass.
Phone :
563E6n     HA  6-3190   (617)
Beverly     922-8611
TWX     617-922-0879

APPLIED   MICROWAVE   IjAI30IIATORY ,    IINC.
106  Albion  Street
Wake field,   Ma.ss.
Contact :     Frank   ljane
Pho ne : 245-9393   (617)

GOMB0S   MICROWAVE   INCORPORATE)
Webro   Road.
Clifton,  New  Jersey
Contact:      H.   J.   Schatz

Description  of  Products

ACF  manufacturers  a  line  of  cavity  oscillators
utilizing  planar.  triodes  opera,ting  in  the  fre-
quency   ra.nge   from   900  MC  t,o   6000  MC   in   CW   and
plate  pulsed  service.     A  grid  pulsed.  oscillator
is  also  availa.ble   in  S-ba,nd.     These  tubes  a.re
also  operated  as  frequency  multipliers  with  in-
put   frequencies   from  200  MC  to   3000  MC.

A  new  line  of  minia.ture  oscillators  and  ampli-
fiers  for  pulse  and  CW  is  available  opera.ting
from  L  through  X-band.     GE  met,a,i  ceramic  tubes
coupled  with  the  use  of  new  materials  and  tech-
niques  result   in  superior  performa.nee  a.nd  im-
proved  temperature  characteristics  without
resorting  to  the  use  of  bimetallic  compensa.tors.

Founded:    19h6.      Frequency   ranges   TUHF  to  X-band..
Product       Cavity  oscillators      Wavemeters
Lines:           Tube  Type                              Diode  Mixers

Amplifiers                     Modula.tors
Mixers                              Test  Equipment
Multip1iers

G.   E.   Tube   Types:    2C39,   6897,   Z-5099,   6771,   6++2,
7077,   7266  are  a,va,ilable   in  standa.rd  unit,s.     Many
Other  G.E.   tubes  are  used  in  custom  designs.
Sales  Applications:     Contact  plant  direct.

Applied  Microwave   laboratory,   Inc.   (AML)  has  de-
veloped  CW  and  pulse   cavity  oscillators  using
the   following   G.E.   tubes:    3CXIOOA5,   6LL2,   6771,
7296,   7+86,   7815,   Y1171,   Z2866,   and   Z2867.
Various  models  a.re  available  from  200  MC  to  6.5
GC  in  three  tuning   ra.nges:   2,   10  a.nd   307o.     Tun-
ing  is  a.ccomplished  either  by  a  screw-driver
a.djustment,   shaft  a.nd  knob,   a  LL  numeral  digital
dia.i  with  calibration  cha.rt  or  a  direct,  reading
tape  dia`|.

Gombos  Microwave   Incorporated  manufa,ctures   a
line  of  triode  ca,vity  oscillators  both  pulsed
and  CW   covering  the   frequency  ra.nge  of  900  MC  to
5.9  GC.     Typical  is  the  mod.el  15l-C,   a,pplicable
for  use   in  C-ba.nd  and  as  a  signa.i  source  for
X-band  a,pplica,Lions.      Power  output   a.t   L.2  GC.
75  MW  minimum  using   GE  tube   7391.



MANURACTURER   IFTOFMATION

MICRODOT   IINC.
220  Pasa,dena.  Avenue
South  Pasadena.,   California
Conta,ct:      Ed.  French
Phone:      MU  2-335l

SY   9-9171

MICROWAVE   CAVITY   I-ABORATORIES
2603  West  fake  St,reet
Melrose  Park,  Illinois
Phone:     rm  i-1800

RANIEC   CORPORATION
23999  Ventura  Bouleva,rd
Calaba.sas ,   Ca,lifornia
Conta,ct:      Mel  Marcus,   Arm¢

Western  Region
Phone:       Dlamond   7-5LLL16   (213)

TRAK  MICROWAVE   CORPORATION

5006  N.   Coolidge  Avenue
Tanpa  3,  Florida
Conta,ct:     R.   J.   Sloan
Phone : 876-6L122   or  876-6h07

Description  of  Product,s

Off-the-shelf  build.ing  blocks  for  quick  assembly
of  power  anplifiers,  oscillators,  a,nd  freq.uency
multipliers  covering  t,he  10-5000  MC  ra.nge.     All
a.I.e  minia.turized.,   conserva,i,ively  ra.ted,   and
weigh  about  one  pound.     Single  modules  will
multiply  a.s  high  as  9;   can  be  cascaded  for  even
higher  multiplication.     Power  output  ra,nges  from
severa,i  milliwatt,s  to  150  wa,tts.

St,and.a,rd  ca.vities  a.re  pl.imarily  a,vaila,ble  in  two
general  types . . .na,rrow  t,uning  ra,nge  and  extended
t,uning  range.     The  Series  N  Units  i,une  essentially
10¢  while  the  Series  E  Units   ca.n  be  d_esigned  to
tune  much  greater  ra.nges.     Design  criteria  of  the
stand.a,rd  MCL  cavity  includes  small  size,   light-
weight,,   ruggedness  and.  overall  sta,bility  of.  opera.-
Lion.

Designed  for  mounting  d.irectly  on  the  a.ndenna,
the  Ra.ntec  R-F  Preamplifiers  provide  high  ga.in
low  noise  amplifica.tion.     Weighing  less  tha,n
five  pounds  including  a,  built  in  solid  state
regulated  power  supply,  these  amplifiers  are
ava.ila,ble   in  ra.nges   from   13LL  to   LIO  MC.

TRAK  Microwave  Corpora,tion,  Tanpa,   Florida,,
specializes  in  engineering  and  manufacture  of
microwa.ve  oscillators,   ha.rmonic  genera.tors  a,nd.
amplifiers.     Frequency   coverage   is   LIO0  MC  to
12  GC  for  CW,   grid  a,nd  plate  pulse  operation.
Power  out,put  up  to  250  KW  at  UIIF  decrea.sing  t,o
approxima.i,ely   300  M^7  at,   12  GC.

Genera.i  Electric  Compa,ny  invites  legitimate  manufa,cturers  of  ceramic  tube  ca.vities  to
submit,  approximate  50-word  prod.uct  summaries  for  future  editions  of  this  publication.
The  right  to  reject  informat,ion  that  is  not  in  the  best  interests  of  General  Electric
Company  or  it,s  customers  is  specifically  reserved.
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GENERAL   TECHNICAL   INFORJVIATION



SOCKETIESS   TUBE   CIRCUIT  TECENIQUES

J.  W.   Rush,   Jr.
Receiving  Tube  Dept.

GENERAL  EHCTRIC   COMPANY
0wensboro ,  Kentucky

In  most  VIH',  UHF,   a.nd  microwave  applications  non-conventional  vacuum
tube  structures  are  essential.     Examples  of  such  structures  al.e  the  door
knob  tube,  the  acorn  tube,  the  rocket,  tube,  the  pencil  tube,  the  light-
house  tube,   and  the  more  recent  meta.i-ceramic  tube  structures.    Designing
and  rna.nufacturing  efficient  and  reliable  sockets  for  these  tubes  ha.s  been
a,  problem.     To  minimize  this  problem  rna,ny  circuit,  designers  ha.ve  used"semi-socket,"  designs  combined  with  soldering  directly  to  the  tube  ele-
ments.     In  most   ca,ses  separate  socket-like  assemblies  to  which  connections
could  be  soldered,  were  built  and  att,a,ched  to  the  tube.     In  addition  to
making  connection  to  the  tube  elements   some  mea.ns  of  tube  support  was  also
necessary.

It  has  been  the  circuit  designer's  desire  t,o  solder  directly  to  the
tube.    Until  recent,ly  this  ha,s  not  been  pra.ctical  because  the  tube  envelope
or  seals  could  not  tolera.te  soldering  temperatures  or  the  tube  element  was
not  physica.Ily  strong  enough  to  be  used  for  tube  support.    This  latter
socket  requirement  was  a,  particula.r  problem  for  circuitry  to  be  subjected
to  high  shock  and  vibration.

Recent  tube  manufa,cturing  techniq.ues  have  permitted  the  introduction
of  a.  line  of  pla.mar  ceramic  vacuum  tubes*  that  are  both  tolerant  to  solder-
ing  temperatures  a,nd  can  be  physica,lly  mounted  by  the  tube  elements  them-
selves.     In  addition  to  the  several  coaxial  ca.vity  designs  for  microwave
service  other  types**  were  a,lso  introduced  tha.t  were  d.esigned  specifically
for  direct  soldering.    Ihe  tubes  fea.ture  solder  lugs  and  "I"  bolt  mounting
of  the  tube  envelope  to  a  print,-boa,rd  or  metal  cha.ssis.     (See  Fig.   i  a.nd.
2  illustrating  i,he  mechanical  fea.tures  of  the   "T"  bolt.)    Other  lead.  at-
tachment  procedures  such  a,s  wire  wrap,   spot  welding,  brazing  and  mechani-
cal  clips  can  also  be  used.

TUBE   MOUNTINC

cuT^w^v    ±!!E!!i  si+owit`ic  :±L  ag!± |!i±E  Moui`iTir`ic

Fig.   i

#8ng dtB       qHS

Fig.   2

*       ERA  type  number  7077,   7266,  7h86,   7h8l
GE  Development  types   Z-2823,   Z-2835,   Z-2869,   Z-2866,   Z-2897

j{*     ERA  numbers:      7h62,   7720,   7625,   7588,   7296,   8081,   8082,   8083
GE  Development  types:      Z-2868,   Z-235h,   Z-2870,   Z-273l,   Z-2692



For  coarcial  circuits  it  is  feasible  to  solder  cavit,y  components  directly
to  the  tube  elements   (See  Fig.   3).     This  procedure  not  only  provides  physi-
cal  support  in  some  ca.ses  but  also  reduces  the  problem  of  obt,aining  good  RF
contact  between  tube  and  cavity  elements.    With  proper  ca,re  t,he  tube-circuit
assembly  ca.n  be  replated  after  assembly.

Fig.   3

The  a.pplicatic>n  of  coaxial  resona,nt
circuits  soldered  directly  t,o  the  tube
elements  is  illustrated  by  an  a.ssembled,
sma.Il  tube-cavity  combinat,ion,  and  an
unassembled,   larger  tube-ca.vity,  tube-
circuit  combination.    This  pa,rticula,r
combination  would  be  useful  for  a  half-
wa,ve  grid  resonator  cavity  for  a  re-
entrance  oscillator.     The  two  tubes
shown  are  designed.  for  ground.ed  cathode
usage .

THEORETI GAL  ADVANTAGES

By  eliminat,ing  tube  sockets  in  their  usual  form,   severa.i  theoretical
performance  adva.ntages  a,re  obtained.     In  most  ca.ses,  for  reasons  of  econony
or  moldability,  the  insulator  portion  of  a  tube  socket  is  usually  a  higher
loss  fa.ctor  rna.terial.    With  the  elimina.tion  of  the  socket  insula.tor  losses,
higher  Gil.cult   "Q's"   can  be  realized.     Higher  unloaded.   "Q's"  lead  t,o  bet,t,er
circuit  performance  through  higher  circuit  efficiency.

In  many  mod.ern  electronic  circuits  maximum  ga,in-ba.ndwidth  must  be  ob-
ta,ined  to  process  the  high  d.efinition  a.nd  complex  signa.i  pulse.     The  more
genera,i  relation  for  broa.dband  gain  in  a  vacuum  tube  is:

a i= gmRo

THEOPETICAL  GAIN-BW  IMPPOVEMENT

CIRCUIT,
I NEUTF3 IALl IZED  7462

lNTEBSTAGE

®3:jf§^{S
L¢o u\

I                   3             710               30          70100            300
BANDWIDTH   IN   MC.

Fig.   4
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The  gain,  G,  depends  most,  upon  tube  t,ransconducta.nee,  gin,   and  the  circuit
load  resistance,  Ro  (See  Fig.   L).     For  a,  simple  intersta,ge  circuit  the  band-
width,   BW,   ca,n  be  estimated  to  be:

BW=1
2  Tr   Root

Ct  is  the  total. shunt  interstage  ca.pacitance.     If  we  then  const,ruct  the  ex-
pression  for  gain-bandwidth  product:

G-BW   = 8in
2IT    Ct

This  rela,tionship  shows  that  for  wide  band  amplification  maximum  a.va.il-
able  transconductance  and  minimum  tube  a.nd  circuit   capacitances  are  essen-
tial.     The  a.vailable  tube  tra,nsconductances  are  high,  up  to  50,000  micromhos,
a.nd  this  is  obtained.  wit,h  relatively  sma,ll  tube  capa.cita.nces.     To  use  the
resulting  high  tube  gain-ba,ndwid.th  product  the  applied  circuitry  must  ha,ve
a.  low  value  of  shunt  capacitance.     The  use  of  direct  soldering  connect,ions
to  the  tube  or  soldering  to  clamps  or  clips  supported  by  t,he  tube  a.ssures
maximum  tube-circuit  gain-bandwid.th.

In  addition  to  better  ga,in-bandwidth  products  at  any  given  center
frequency,  lower  tube  circuit  capacitances  permit  operation  at  higher  fre-
q.uencies.     By  using  resona,nt  elements  tha.t   clamp  or  solder  to  the  tube  it-
self,   lumped  constant  circuitry  may  be  used.  up  to  1500  mc.     Simila,r  appli-
cation  of  sla.b  or  flat  para,llel  line  elements  provides  efficient  performance
up  to  at  least  3000  mc   (See  Fig.   5  and  6).

Fig.   6

A  2700-mc  grounded-grid  amplif ier  f ea-
turing  the  socket,less  techniq.ues  to
obtain  good  performance  into  the  kilo-
mega.cycle  region.     The  t,ube  a.node   is
resona.ted  by  a,  short  section  of  strip
line  funct,ioning  as  a,  pa,rallel  tuned
plate  circuit.    The  base  of  t,his  plate
line  is  by-pa.ssed  for  RF  a.t  the  bottom
of  the  amplifier  chassis.    Power  is
coupled  out  by  means  of  an  a,djustable
series  output  capacitor  (shown  removed
from  the  amplifier).    A  clip-on  con-
nector  (not  visible)  is  used  t,o  connect
an  input  coupling  ca,pa,citor  to  the  tube
cathode.     Heater  chokes  have  been  sol-
dered  directly  to  the  tube  heater  but-
tons.     The  grid  is  grounded  by  a  flat,
wa,sher  held  d.own  by  four  h-ilo   screws.

A  1200  mc  oscillator  featuring  snap-on
slab-line  resonators  and  screwed-d.own
grid  clamps.     This  circuit  is  a  mod.ified
Colpitts  configurat,ion.    The  grid  line  is
an  un-etched  port,ion  of  the  print  board
ba,se.     The  tube  fore-shortens  the  half
wave  line  on  one  end  and  the  t,uning  ca,pa,-
citor  fore-shortens  the  other.    A  grid
lea.k  resistor  is  soldered.  at  a  low  impe-
d.ance  point .



For  rna.ny  years  the  degenera,tive  effect  of  cathode  lea,d  inductance  has
limited  the  high-frequency  capa.bilities  for  conventional  va,cuum tubes  a,s
much  a.s  transit  time  effects.     For  this  reason  a.nd.  others,  the  non-conven-
tional  structures  of  microwave  tubes  a,re  used..    The  very  low  value  of  lead
inducta.noes  in  many  cases  wa,s  wasted  by  using  high  socket  lea.d  inductances.
For  i,he  same  reason  tube  instability  was  often  due  to  poor  grid  grounding.

PRACTI GAL  ADVAINTAGES

The  use  of  socketless  circuit  techniques  provides  several  pra,ctica.i
advantages.    Better  system  reliability  is  one  of  the  more  importa,ut.
Since  the  socket  ca.n  be  elimina.ted,  troubles  due  to  contact  wear,  failure
or  corrosion  are  reduced.    No  socket,  insulators  are  present  which  may
era,ck  or  deteriora.te.     Very  low  contact  resistances  can  be  obta,ined  using
direct  soldering  techniq.ues.    Better  tube  relia.bility  can  be  obtained  if
known  and  consistent  hea.t  sinks  are  esta.blished  for  the  tube.     In  some
cases  tubes  ha.ve  failed  as  a  result  of  a,dditional  accelera,tion  forces  re-
suiting  from  poor  socket  designs.    Physica.i  clamping  of  the  tube  directly
to  the  chassis  a.ssures  tha,t  the  tube  sees  no  more  shock  and  vibration  than
the  chassis  itself .    The  increased.  perforlna,nee  gained  by  socketless  cir-
cuitry  mea.ns  fewer  stages  for  the  same  system  ga,in.     In  some  cases  tubes
in  sockets  being  easy  to  remove,  a,re  selected  to  compensat,e  for  the  loss
of  performa.nee  d.ue  to  a  fa.ulty  component.     This  repa.ir  procedure  usua,lly
lea.d.s  to  a  more  ca,tastrophic  fa.ilure  la,ter  on.     Screwed-on  or  soldered
connections  to  the  tube  are  more  easily  inspected  and  do  not  depend  upon
assumed  contact  pressure.

Many  of  the  microwave  triodes  are  made  very  small  to  obtain  low  ca.pac-
itance  a,nd  tra.nsit  time  characteristics.     Often  the  sockets  for  these  tubes
are  much  larger  tha.n  the  tubes  i,hemselves.     This  means  that  system  size
and  weight  ca,n  be  lowered  if  alterna,te  cormection  techniq.ues  a.re  used  (See
Fig.  7).     In  some  ca.ses  the  tube  itself  a,lso  serves  as  a  terminal  strip
for  the  connection  a.nd  support  of  other  circuit  components  such  a.s  resis-
tors  a,nd  capa.citors.     Socketless  techniq.ues  also  red.uce  the  cost  a,nd  de-
sign  time  associated  with  a,  socket  design.     Some  of  the  ceramic  triodes
are  fitted.  with  mounting  ha.rdwa,re  requiring  only  a  hole  .in  a  chassis  or
printboa.rd.     These  tubes  ca,n  be  used  with  all  connections  being  made  on
one  side  of  the  board.  or  chassis.    This  lea,ds  to  simplified  circuitry  or
permits  the  use  of  dip-soldering  techniques.     (See  Fig.   8  for  suggested
connectors  for  the  coaxial  types.)

Fig.   7

A  complete  ca.scode  circuit   showing  two
sold.ered-in  tita.nium  metal  ceramic
triodes.    This  circuit  features  small
size  and  weight  through  the  eliminat,ion
of  sockets  and the  use  of  printed  circuit
t,echniques.
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Fig.   8

SOIDERING  TECENIQUES

The  use  of  socketless  circuitry  with  good.  reliability  usually  re-
quires  solderir}g  either  to  a  tube  clamp  or  tube  element,.     When  soldering
to  an  auxilia,ry  clamp  or  to  t,he  tube  itself  the  usual  ca.re  should  be  i,aken.
If  soldering  directly  to  the  tube  is  a,ttempted.  on  non-tolerant  tube  struc-
tures,  failure  ca,n  result  from  dama,ged  sea,ls.    Alt,hough  the  use  of  high
temperature  seals  and  ceramic  insula,tors  greatly  reduces  the  chance  of
this  happening,  the  tubes  a,re  not  ind.estructable.     Ceramic  tube  structures
a,re  tolera,nt  to  soldering  t,emperature  as  evidenced  by  tube  life  tests  at
tempera,t,ures  up  to  L50°C.     However,  due  to  their  small  sizes,  very  la,rge
thermal  gradients  a,cross  the  tube  seals  can  and  do  cause  tube  failures
and  a  resulting  loss  of  reliability.

To  reduce  the  possibility  of  tube  damage  a  few  preca.utions  should  be
taken:

1.    Use  a,  solder  with  as  low  a  melting  point  as  possible  for  the  in-
t,ended  t,ube  circuit  ambient  operating  t,emperature.

2.     Use  sma.Il  wattage  soldering  irons  i,o  reduce  the  thermal  inertia,
of  the  sold.ering  heat.

3.     Prehea.t  the  tube  whenever  possible  t,o  reduce  further  t,he  t,hermal
in-rush  when  heat  is  a.pplied.     Ovens,  hot  pla,tes,  I-R   lamps,   etc.
can  be  used.  to  preheat  the  t,ube  prior  to  soldering.     If  these  are
not  a.va.ilable,  thermal  shock  can  be  reduced  by  operating  the  t,ube
filaments  for  severa,i  minutes  before  soldering.

These  preca.utions  are  most  important  on  the  smaller  coaxial  types
since  the  t,hermal  rna,ss  of  t,hese  d.esigns  is  small  a,nd.  very  lit,i,le  t,hermal
resist,a.nee  is  present  bet,ween  the  sold.er  surface  and  the  t,ube  sea.Is.     The
use  of  solder-forms  is  highly  recommended..     The  lug  versions   can  be  used
with  no  more  than  the  usual  precaution  and  can  be  treated  a,s  a,ny  ot,her
solder-in  circuit  component.     It,  should  be  noted  that  the  suggested  solder-
ing  procedures  are  conducive  to  cold  sold.ering  joints.    This  is  true  and
care  must  be  taken  in  this  respect,.



The  basic  tube  structure  used  for  these  soldera.ble  tubes  is  made  of
titanium metal  a]nd.  ceramic.    The  titanium  is  essentia.i  for  severa,i  reasons
but  its  most  important  feature  is  the  a,]most  identica,i  therma,i  coefficient
of  expansion  when  compared  to  good  RF  ceramic  rna,terials.     Titanium  on  the
other  hand  is  very  difficult  to  plat,e  a,nd  no  ord.ina.ry  techniques  have  yet
been devised  to  plate  in  the  usual  fa,shion.    To  provide  solderable  surfaces
the  tita.nium  is  first  nickel plated  and  a  thin  gold  la.yer  is  then  a,pplied.
This  gold.  layer  is  consumed  by  amalgEunation  into  the  solder.     The  nickel
undercoat,  is  the  surface  to  which  the  solder  connection  is  a,ctually  made.
Aft,er  many  solderings,  this  nickel  plating  ca.n  be  consumed..    When  this
ha,ppens,  the  tita,niun  ba.se  metal  is  exposed  a.nd.  one  is  confronted  with  the
difficult  ta,sk  of  sold.ering  to  titanium.

The  thickness  of  the  nickel  pla.ting  must  be  ca.refully  controlled  be-
tween  two  limits.     If  the  plating  is  too  thin  only  a.  limited  number  of
solderings  ca.n  readily  be  rna.de.     If  the  plating  is  too  thick  peeling  re-
sults.     In  development  work  where  tubes  are  removed  or  resoldered  rna,ny
times  increased  difficulty  rna,y  be  expected  in  soldering  operations.

TUBE  REOVAL

When  it  becomes  necessa.ry  to  remove  the  soldered-in  tube  the  usual
techniques  apply.     The  tube  ca,n  be  treated  a.s  any  ot,her  soldered-in  com-
ponent .

If  the  coaxial  tube  outline  is  used,  it,  becomes  expedient  to  use  auxi-
lia.ry  clamps  not  only  for  soldering  connections  in  some  cases  but  also  for
the  mecha.nical  support  of  t,he  tube.    At  microwa,ve  frequencies  most  circuits
use  the  tube  in  a,  grounded  grid  c6nfiguration  a.nd  the  tube  is  mounted  by
clamping  t,he  grid  element  to  a  cha,ssis  shield  or  wall.     In most,  ca,ses  DC"floating"  of  the  grid  is  not  essential  and  by-passing  is  not  necessa.ry.
Where  by-passing  is  required,  mica,  or  suitable  spa.cers  can  be  used  without
loss  of  mechanica.i  support.    Due  to  the  physical  location  of  the  cathode
of  the  coaxia,i  designs,   cathode  clamps  are  usually  used  to  provide  connec-
tions  a,nd  sold.ering  surfaces  at  more  convenient  distances  from  the  tube.
Such clampsalso  greatly  improve  the  ease  of  tube  removal.     Soldering  or
clamping  is  usually  optional  on  the  hea.ter  and  a.node  termina.Is.     Soldering
is  d.esira.ble  for  the  heater  connections  since  corrfua.ct  resistance  at  t,hese
points  may  seriously  lower  the  tube  hea,ter  volta,ge.

EXAMPIE  EQUIPENT

Figure  9  shows  a  lo-frequency  crystal  controlled  "STAIIO"  developed.  by
the  Ljght  Military  Elect,ronics  Depa.rtment  of  General  Electric  Co.     Socket-
less  circuit  techniques  are  used  to  reduce  size  and  weight,  to  obta,in
mechanica.i  and  electrical  stability,  a,nd  to  fulfill  i,he  need.  for  maximum
ga,in-ba.ndwidths  for  the  broad.banded  multipliers  and  amplifiers.     Sma.Il  "T"
bolt,  ceramic  triodes  are  used  in  each  of  the  10  crystal  channels  a,nd  fre-
quency    selection  is  rna,de  by  applying  8+  to  the  desired  cha.nnel.    At  the
center  of  the  10  oscilla,tors  a.  "clamp-on"  ca,thode  connector  is  used  as  a.
cormion  input  to  a,  grounded  grid  stage  a,nd  connections  are  made  a,round  the



Fig.   9

circumference  of  the  cathod.e  clamp.     The  grid  of  this  tube  a.nd.  the  remaining
larger  coaxial  triodes,  eight  in  all,  use  flat  sand.wich  or  surface  clamps.
The  same  cathode  clamp  is  used  for  all  the  coaxia.i  outline  tubes.     The  wide
bandwidths  were  essential  t,o  provid.e  multiplying  and.  amplifica.tion  over
about  a  10¢  ba,ndwidth  a.t  nea.r  500mc  center  freq.uency.     The  marimun  ga.in  per
st,a.ge  was  essential  to  keep  the  total  number  of  stages  to  a.  minimum  for  maxi-
mum  reliability.    Multiplying  at  wide  ba,nd-widths  is  traditiona,lly  difficult
and  high  tl.ansconducta,nee  triodes  as  well  a,s  socketless  circuitry  were  re-
quired  for  acceptable  performance.

CONCINSI0N

With  the  a.d.vent  of  new  vacuum  tube  manufa.cturing  techniq.ues  it  ha.s
become  pra.ctical  to  use  new  socketless  circuit  techniques.     Where  sockets
are  not  specified,   circuit  performance  and  relia.bility  a,re  improved..     Such
techniques  permit  the  use  of  va,cuum  tubes  at  higher  freq.uencies  as  well  as
providing  a  companion  component  to  improve  the  state-of-the  art  for  lumped
constant  a,nd  slab  line  circuitry.
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NolsE  FIGunE  AND  THE  GRIDDED  vAcu"  TUBE

The  three  most   imporrt,a.nt  types  of  noise  in  the  gridd.ed  triode  vacuum  tube
a.re  shot  noise,   flicker  noise,   and  induced  grid  noise.

Shot,  noise  is  characterized  by  its  independence  from  frequency  effects  and
its  d.ependence  upon  t,ube   currents  a.nd  transconduct,a.nee.

Flicker  noise  or  one-over-frequency-noise  usually  follows  the  simple  rule
of  va,rying  inversely  with  frequency  at,  the  rate  of  three  decibels  per
octave.     Flicker  noise  usua.Ily  limits  the  sensit,ivity  of  very  low  fre-
quency  a.mplifiers  and  produces  insta,bility  in  DC  a.mplifiers.     The  exa.ct
ca.use  of  flicker  noise  is  not  well  defined  but  reduction  of  t,his  effect
ca.n  be  best  obtained  by  using  triod.es  with  high  transconductance  a,t  low
plate  currents.     To  red_uce  both  shot  and  flicker  noise  effects,  triodes
with  maximum  tra,nsconducta.nee  t,o  plate  current  ratios   should  be  used.   The
pla,na,r  ceramic  triode  is  outstanding  in  this  respect.

Induced  grid  noise  is  caused  by  transit-time  effects  which  induce  shot
noise  into  the  signal  grid..     This  source  of  noise  is  chara.cterized  by  its
six  decibels  per  octave  increase  with  freq.uency.     Figure  i  is  a,n  a,pproxi-
mate  representa.tion  of  t,hese  three  noise  sources  as  a,  function  of  fre-
quency .

Johnson  or  therma.i  noise  ca.n  a.Iso  be  generated  by  tube  a.nd  circuit  losses
or  if  any  unbypassed  resista.noes  a,re  used.     This  noise  source  is  usua,lly
not  a  serious  problem  if  proper  components  and  circuitry  are  used..

When  a,  tube  is   subjected  to   shock  or  vibration,   a.nother  source  of  noise
ca.lied  microphonics  can  occur.     The  frequency  profile  of  this  noise  varies
greatly  with  tube  structure.     AIthough  microphonics  usually  produce  AM
signa.Is   in  audio  amplifiers,   some  AM  a.nd  FM  effect,s   ca.n  occur  in  RF  a.mpli-
fiers.     The  plana.r  ceramic  tubes  are  usua,lly  less  microphonic  than  other
compet,ing  tube  structures  and  t,he  use  of  bonded-heater  techniq.ues  has
pra,ctically  elimina.ted  this  source  of  noise.

Equivalent  Noise  Circuits

Figur.e  2  shows  two   simplified  forms  of  a  cormonly  used  noise  figure  equationL.
An  equiva,lent  noise  circuit  is  also  shown.     The  noise  figure  equation  can  be
solved  for .minimum  noise  figur.e  with  respect  to  Rs  or  Gs.     This  relationship
is:

NFmin  =  i  +  2  V5Gt   Req

The  resulting  optimum  source  resistance  equa.tion  is:

Rs  opt.     =VReq.   +   5  Gt



-2-

To  calcula.te  the  minimum  a.va,ilable  noise  figure  and  the  source  resista.nee
required  to  obta,in  this,  the  a,bsolute  va.Iues  of  Req.  and.  Gt  must  be  known.
The  a.bove  equations  a,ssume  Gc  i,o  be  insignifica,nt  a,nd  in  most   cases  this
condition  exists.     Req.  ca,n  be  estimated  by  the  equation:

Req  =  2.5   +  i,riode  tra.nsconducta.nee

Gt  results  from  t,ra,nsit  i,ime  effects  which  prod.uce  out-of-pha.se  grid  cur-
rents  a.nd  volta.ges  and  ha.s  a  noise  out,put  five  times  therma.i.

A  second  equiva.lent  noise  circuit2  has  been  d.eveloped  using  Req  and  a  new
term  Gn.     See  Figure  3.     Req  is  identica,i  to  the  Req  used  in  Figure  2  and
Gn  is  equal  to  5  Gt.     The  equa,tions  for  minimum  noise  figure  a.nd  optimum
source  resist,ance  a.re  then  simplified  a.s  shown  in  Figure  3.     This  simpli-
fied  equivalent,  cirouit  technique  lea,ds  directly  t,o  the  measurement  of  Req
a.nd  Gn.     If  a.n  input   conducta.nee  i,uning  curve  is  obtained  a.s  described.,  the
equa,tion  of  t,his  curve  is:

Gtot   -  Gn  =  W2      ac2  Req

Gn  is  obtained  immedia,tely  a,s  shown  and.  the  a,bove  equation  can  i,hen  be  solved
for  Req..     Gtot  a,nd    AC  a.re  obtained  for  t,wo  points  A  a.nd  8  on  the   curve.     The
curve  shown  in  Figure  3  can  be  generated  from  tests  conducted  on  a,  circuit,
similar  to  the  one  shown  in  Figure  7.     L|  can  be  ca,librated  for  a,n  equivalent,
ca.pa.citance  change  or  a,  tuning  capacitor  can  be  added  in  shunt,  with  the  input
inductor.     Rs  is  omitted.

The  measured  values  of  Req  ca.n  be  checked  aga,inst,  the  previous  approxima,te
eq.uation.     The  factor  of  2.5  a.ppea,I.s  to  va,ry  from  a,bout  2  to  3.5  depending
on  the  tube  size  a.nd  geometric  configuration.     The  a,pproximate  value  of  Gt
can  be  obtained  by  divid.ing  Gn  by  five.     This  value  of  Gt   can  then  be  used
to  determine  input,  circuit,  ba.ndwidths  if  all  loading  is  due  to  transit-time
effects .

Measured  Results

The  procedure  out,lined  in  Figure  3  wa,s  used  to  d.etermine  i,he  equivalent  noise
pa.rameters  for  several  low  noise  plana,r  ceramic  triodes:

Req   (ohms)                        Gn  at,   90  MC   (mohms)
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It   should  be  noted.  that  minimum  noise  figure  is  a  function  of  the  product,  of
Req  a,nd  Gn.     For  similar  ca.thode  current  densities,  grid  wire  sizes,  grid
wire  spa.cing,   a.nd.  grid  to   ca.thod.e  spa,cing,  this  ratio  appears  to  be  rela.-
t,ively  constant.    These  geometric  and  electrical  conditions  exist  on  the  low
noise  pla,na,r  triodes  and  similar  noise  figures  are  quoted  for  a.Il  types.     See
the   "Optimum  Noise  Condition  vs  Frequency"   curves  shown  a.t  t,he  front  of  the
cera,mic  tube  reference  manua.i.     The  value  of  optimum  source  resistance  va,ries
directly  with  the  ratio  of  Req.  a.nd  Gn.     The  larger  triod.es  provid.e  mol.e  trans-
cond.ucta.nee  a.nd  lower  values  of  Req.     The  larger  tubes  a.Iso  ha,ve  higher  values
of  transit,-time  conducta,nee  and  Gn.     These  conditions  result  in  much  lower
values  of  opt,imun  source  resistance  for  the  la,rger  tubes,  7588  a,nd  7768,  at
any  given  frequency.

INoise  Parameters  vs  Frequency

The  ta,ble  shown  above  records  measured  values  of  Gn  a,t  90  megacycles.     The
value  of  Req  has  been  described  to  be  independent  of  fr.equency  and  Gn  t,o  be
a,  function  of  freq.uency  squa.red.     Using  the  values  of  Req  and  Gn  mea.sured  at
fo  eq.ua.i  to  90  mcs,  minimum  noise  figures  and.  optimum  source  resist,a.nee  a.t
any  ot,her  frequency,   f ,   can  be   caloulated.     See  Figure  LL.     Bea.sona,bly  good

:::::::t:::q:::¥::: ¥:::u;:dt:n:o8%l::::t;:i::=5ormance  has  been obtained

Tube  Selction

One  might  a.sk,  why  use  the  larger  tubes  if  similar  noise  figur.es  can  be  ob-
tained  with  the  smaller  tubes?    For  minimum  over-all  noise  figures,  the  ga,in
of  the  first,  sta,ge  and.  noise  figure  of  the  second  stage  are  importa.nt,.     The
noise  figures  previously  discussed  apply  only  to  t,he  first  stage  of  a.n  ampli-
fier  cha,in.    The  relationships  are  eq.uated  as  follows:

NFl'2  -  NFl  + NF2  -   i
GL

The  noise  figure  subscripts  a,pply  to  the  first,  and  second  stages  a,nd  Gi  is
i,he  available  gain  of  the  first  sta,ge.    Wide  bandwidt,hs  are  usua.Ily  req.uired
in  most  modern  low  noise  amplifiers.     For  wideba,nd  circuits,  the  la.rger  tubes
a.re  desira,ble  to  obtain  both  maximum  gain  a.nd  lower  values  of  optimum  source
resistance.     The  sma.Iler  tubes  can  be  used  most  effectively  for  narrow-band
low  noise  circuit,s  where  their  size,  weight,   low-input  powers,  and  econony
are  more  important,.     In  both  cases,  the  second  sta.ge  should  also  be  a  low
noise  tube  if  lowest  noise  figures  are  d.esired.

Noise  Performance  vs  Opera,ting  Conditions

The  low  noise  triode  must  be  properly  a.pplied  if  optimum  noise  perf.orma.nee  is
d.esired..     Tests  ha.ve  shown  that  va.riations  in  heater  voltage  within  ra.ted.
values  produce  little  effect  on  noise  figure.    The  volt,a,ge  changes  norma,lly
a,ssociated  with  plate  voltage  supplies  ar.e  also  unimport,ant  if  the  init,ial
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va,lue  is  properly  chosen.     Genera.Ily  speaking,  the  triode  should  be  oper.ated
under  those  conditions  which  provide  a  maximum  tra,nsconducta,nee  to  pla.te  cur-
rent  ra.tio,  prod.uce  no  grid  current,s,  and  provide  suit,a,ble  ga.in  t,o  reduce
second  sta,ge  noise  effects.     In  most   cases,  the  tube  is  operated  with  a.bout
.5  volt  bia.s,   ra.ted  heater  voltage,  a.nd.  maximum  rated  plate  dissipa.tion  if
maximum  noise  performa,nee  is  required..

There  are  three  accept,a,ble  methods  of  bia.sing  the  triode  and  these  are  shown
in  Figure  5.     Condition  "a,"  is  the  simplest  a,nd  uses  a,  low  value  of  ca.t,hode
resistor  and  a  fixed  plate  voltage.    This  method  produces  the  widest  varia-
tion  in  operat,ing  conditions  from  tube  to  t,ube.     The  type  shown  in  Figure  5
is  the  7+62  a.nd  each  small  squa,re  represents  one  tube.     Condit,ion  "b"  uses
the  sa.me  value  of  ca.thode  resistor  but  more  constant  plate  currents  a.re
obta.ined.  through  the  use  of  a  la,rge  pla.te  dropping  resistor.     Higher  pla,t,e
volta.ges  must  be  used  a,nd  the  power  loss  in  RB  must  be  tolerated.     Referring
to  Figure  6,  it  ca,n  be  seen  that  minimum  noise  figures  are  obtained  along  a
bia.s  line  slightly  less  tha,n   .5  volts.     These  curves  were  ta.ken  on  the  type
7588.     In  Figure  5,   cond.ition  "b"  gives  the  sma,llest,  variation  in  bias  and
the  level  is  mainta.ined  nea.r  t,he  desired  value  of  a.bout   .5  volts.     For  this
reason,   condition  "b"  is  the  best  bias  method  for  obta,ining  good  initia.i
noise  performa,nee  from  tube  to  tube  and  rna.int,enance  of  low  noise  with  life.
Condition  "c"  uses  a  fixed  value  of  plate  voltage  a.nd  a.  large  cathod.e  resis-
tor  to  rna,intain  consta,nt  pla.te  currents.    A  negative  voltage  at  the  cathode
or  a  posit,ive  volta.ge  a,t  the  grid  is  necessary  to  provide  the  proper  bias
between  the  grid  a.nd  ca,thod.e.     This  bia.s  method  result,s  in  wide  va,riations
in  bias  from  tube  to  tube  with  a  large  percent,a,ge  of  t,he  tubes  opera,i,ing  at,
very  low  bias.     Three  reject  7h62's  were  purposely  included  in  Figure  5.
These  three  tubes  required.  zero  bia,s  to  mainta.in  the  record.ed  plate  current,s
nea.r  6.5  ma„   for  condition  "c".     These  same  t,hree  tubes  were  the  three
highest  noise  figure  t,ubes  shown  for  condition  "c"  but,  ga,ve  lower  noise
figur.es  using  condition  "b"  bias.

High  Current  Density  Effects

To  improve  the  noise  performance  of  the  triod.e  at  RF  frequencies  the  effect,
of  transit-time  must  be  reduced.     This  ca.n  be  done  with  closer  grid  to
cathode  spa.cing  or  by  increasing  the  accelera.ting  forces  on  t,he  electron.
In  some  cases  closer  grid  to  ca,thode  spa.cings  are  practical  but,  noise  figure
tests  show  no  significant,   improvements.     Most  types  are  d.esigned  t,o  make
maximm  use  of  cathode  space-charge  smoothing  and  this  is  not  always  the
closest  grid  to   cathode  spa.cing.     The  second  method,  using  grea,t,er  a,ccelera,-
ting  potent,ials,  is  present  when  the  tube  is  operated.  at  higher  current  den-
sities.     In  addition  to  red.ucing  the  transit  i,imes,  much  higher  i,ranscon-
ductance  result  and  lower  values  of  Req  a,re  present.     The  type  7077  triod.e

:Sd:a:=:i:¥a:::::da:tL;%8u:c;+5  N=::=e:e::: :gr:mm:::  ::i::  :;:=Ee:n:r:#nd
over-all  noise  figure  of  L.8  db  wa,s  mea,sured..     Some  of  the   cera.mic  tubes
list,ed  in  the  reference  rna,nual  ha,ve  good.  life  at   .6  a/cm2  and  lower  tha.n
published  noise  figures  ca.n  be  obta.ined.
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Circuit  Considerations

The  neutralized  grounded.  cathode  and  grounded  grid  sta,ge  are  most  used  for
low  noise  amplifiers.     The  input  impedances  for  these  two  circuits  are  ra.di-
ca.Ily  different  a.nd.  require  different  noise  considerations.     In  theor.y,  bot,h
circuits  ha,ve  similar  minimm  noise  figur.e,   and.  optimum  source  resistance.
The  theory  also  predicts  that  power  match  a,nd  minimum  noise  figure  conditions
ca.nnot  exist  at  the   same  time.     Therefore,  the  effect  of  misma.tch  between  the
source  a,nd  tube  input  becomes  import,a.nt.     The  grounded  ca,t,hode  cir.cult   is
most  useful  at   lower  frequencies  beca.use  less  mismatch  exists.     For  wide  band
circuits  the  lower  optimum  source  resita,nee  types  should  be  used  a,s  previously
discussed..     Figure  8  shows  the  mea.sured  input  bandwidth,  measured  over-all
noise  figures,  and  ca,lculat,ed  first  stage  noise  figure  for  a  cascoded  pair  of
7h62  triods  at  30  mos.     The  result,s  on  this  grounded  cathode  input   circuit
also  shows  that  rela,tively  large  cha.nges  in  source  resistance  result  in  small
cha.nges  in  noise  figure  if  values  nea.r  t,he  opt,imum  va,lue  a.re  initially  chosen.

At  higher  freq.uencies  much  lower  source  resistances  are  required  a,nd  the
grounded.  grid  stage  provides   less  misma,t,ch  under  optimum  noise   cond.it,ions.
In  most   ca.ses  above  a.bout,  800  mos,   for  all  practical  purposes,  minimum  noise
is  obta.ined  under  minimum  VSWR  adjust,ments.     It   is  very  cliff.ioult  to  deter-
mine  the  frequency  a.t  which  simila.r  noise  results  are  obtained  for  bot,h  cir-
cuit  a.rra,ngements.     Calculations  are  complica,ted  a.nd  various  assumpt,ions  are
necessary.     The  best  method  of  obta,ining  minimum  noise  I.igures  uses   commer-
cia.Ily  ava.ilable  aut,omatic  noise  figure  test  equipment.     This  equipment  con-
tinuously  rea.ds  noise  figure  as  a  circuit  is  a,djusted.  and.  both  circuits  ca,n
be  ea.sily  compared.     The   curves   shown  in  Figure  6  were  obt,ained.  using  a,n
automatic  noise  figure  test   set„    AIthough  under  power  rna.tch  conditions  the
theoretical  noise  figure  is  over  5  db,  a.  mea,sured  figure  of  slightly  over  3
db  was  obta.ined.     Ihe  t,ube  input  was  a.bout  25  ohms  and  the  optimum  source
resista.nee  is  over  200  ohms.     The  a.utomatic  test,   set  permitted  an  optirmrm
low  noise  adjustment  between  conjuga.te  a.nd.  opt,imum  source  resist,ance   condi-
t ions ,

Conclusions

To  assist  the  designer  of  low  noise  circuits  simplified  techniques  have  been
developed  for  t,riodes.     Both  theoretica,i  a.nd  mea.sured  results  confirm  that,
lowest  noise  figures  require  the  best  tube  choice  for  a  given  frequency  and
bandwidth,  proper  DC  operat,ion,  a.nd  proper  circuit  arrangements  and.  a,djust-
ments.     State-of-the-art  results  a.re  very  seldom  if  ever  obtained  without
ca.reful  a,nd  la,borious  procedure.

Reference s :
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THE  USE  OF GRIDDED  CERAMIC  VACUUM  TUBES

IN  PHASED-ARRAY  LONG-PULSE  UHF  RADARS

J.   W.   Rush
Application  Engineering

General  Electric  Company
Owensboro,   Kentucky

Introduction

Until  recently,   existing  radars  have been  able  to  handle  the  traffic  of
satellites,   space  probes,   and  missiles.    To  handle  the  expected  traffic  re-
sulting from  the  stepped-up  space  efforts,   new  radars  are being  conceived
and  designed.

Many of  these  recent  radar  designs  feature  electronically  steerable,
phased  arrays  to  obtain the  high pulse powers,   beam definition,   and  efficient
low noise  reception necessary for  long  range,   three  dimensional,   multitarget
tracking.

System  studies  have  been made,  I  and  operating frequencies  in the  low
UHF  and/or  high  VHF  spectrum appear  to  be  attractive.    Part  of  this  conclus-
ion  was  based  on  the  simplicyty,   ease  of  application,   cost per  kilowatt  o£
power,   stability,   and  the  wide  type  and  size  selection  associated  with  the
gridded vacuum  tube.    It  is  the purpose  of  this  paper  to  display  the  approxi-
mate performance  capabilities  of  the  gridded tube,   and  only  limited  compari-
son with  competing  devices  is  attempted.    This  is  necessary because  of  the
lack of  available  data,   either  known  or unknown.

This  paper  is  principally-concerned with  the  radar  functions  of pulsed
power  generation and  low noise  reception.     The  requirements  of  extreme
phase  fidelity and  the  desire  for  rapid frequency  shift dictate  the  use  of broad-
band  amplifiers  in both  the  transmitting  and  receiving functions.    Broadband
performance  from 425  mc.   to  1400  mc.   is  presented  and  amplifier bandwidths
up  to  157o  are  discussed.    Power  levels  from  thermal  to  kilowatts  are  assumed.

T r an s mitt e r

The  vacuum tube  appears  to be  one  of the  most useful  and  economical
sources2  o£  RF  power  for  the  frequencies  being  considered.    Since  both  high

I  ''Pha.sed  Arrays  selected  for  New  Generation  Radars"  Manfred  Meisels
July  196Z  Microwaves

See  article  "Array Radars -A Survey  of  their  Potential  and  their  Limita-
tions"  J.   L.   Allen  (Note  excellent  bibliography)  May  1962,   Microwave
Journal
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power  and  long pulses  are  desired,   the  radar performance depends  primarily
upon the  long  life  and performance  capabilities  of  the  vacuum tube  chosen.

The most important  requirements  for  the  transmitter  are:

i.   High pulse  power  outputs.

2.   Long  duration pulsing.

3.   Broadband  amplification for phase fidelity.

4.   Long  life.

Long Pulse  Derating:

Tube manufacturers  have been reluctant to provide  tube performance data
and  ratings  for  long pulses,  greater  than about  10  microseconds,  without  spe-
cific  life  testing.    To  provide  a preliminary design derating  curve,   all  available
long pulse  data  was  collected  and the  curves  shown  in  Figure  i  were plotted.

Due  to  the  lack of  actual  life  test data  over  the  wide  range  of pulse  widths
shown,   the  data plotted was  taken from  several  sources.    The  data plotted up
to  about  6 }isec  has  been published by  several  tube  companies  and  represents
earlier  and presently used pulse  widths  for  UHF  gridded tubes.    In the  10  to
1000 j]sec  region  only  limited data  was  available.     Video  pulse  life  tests,   at
about  20 )1sec have been made  by  one  company  active  in the phased  array field.
One  tube  company3  has  been  running  some  life  tests  at  loo }isecs  and  mAost  of
the  1000 ]lsec  data  was  taken on pulse  life  tests  run  on  computer  tubes.

The  data  shown in Figure  i  was  purposely plotted  in terms  of unit  cathode
area  and unit  grid-to-plate  spacing to  make  the  curves  applicable  to  all  tubes.
It  is  impractical to  present  this  data  on one  tube  or  even on  a family  of tubes.
Using  the  chart  all  tube  sizes  and  spacings  can be  ''tested"  for  their  intended
application.    The  transmitter  designer  must  obtain  the  required  dimensions
froln the  tube  manufa.cturer.

These  ratings  have  not been proven with  exhaustive  life  tests  and  should
be used only  as  a  guide  in the  early  choice  of tube  sizes  and  configurations.
The  curves  apply  only for plate pulsing  and  additional derating  is  necessary
for  grid  and/or  cathode pulsing.    This  derating will  apply both for  input  video
and  RF pulsing.    A  rule-of-thumb  for plate  voltage  derating  might be  one-half
to  three-fifths  of the permissible peak plate-pulsed  value.    This  rule  generally

3  Private  communication from D.   W.   Hawkins,   GE  Company,   Bldg.   269,
Schenectady,   N.Y.

Subminiature  Electron  Tube  Life  Factors:
Reinhold  Pub.   Corp.

Edwards,   Lammers  &  Zoellner
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applies  to  oxide  coated  cathodes.    Current deratings  are unknown factors  and
usually do  not  require  the  degree  of  derating necessary for plate  voltages.
This  is  generally  true  because  excessive  and  damaging  a.rcing  occurs  at  the
steady  state  high  stress  conditions  common for  input pulsing.    In both input
and plate pulsing  applications  the  current  derating  is  more  dependent upon the
long  life  capabilities  of  the  cathode.     Cathode  life  also  depends  on  other  fac-
tors  in  addition  to  current  loading  and  volta.ge  stresses.

Tube  Choice:

Using  the  design  curves  shown  in  Figure  I  the  circuit  designer  can work
backwards  to  obtain  the  appropriate  tube  area  and  spacings  for  a  given desired
power  output.    For  maximum  e££iciency  the  tube  should be used near  these
rated  conditions.    However,   when this  is  done,   power  gain usually  suffers  and
the  final  operating point  must be  selected with both  efficiency  and desired
power  gain in mind.    In practice,   an optimum  approach  to  the proper  tube
complement would use  the  tube  at  least  in  one  stage  at  its  maximum  rating for
maximum  efficiency  and the  same  tube  in previous  stages  for  increased  stage
ga.in.     This  philosophy  can be  applied until  the  efficiency becomes  so  low  that
a  smaller  tube  vyould be  more practical from  the  standpoint  of  size,   cost,
and/or power  consumption.

Tube  Characteristics:

It  is  interesting  to  note  the  effect  of normal  tube  characteristics  upon
power  outputs  and power  gains  for  a  given  input power.    To  determine  this,
special  engineering  tubes  were  built with  a wide  variety of both mu  and  trans-
conductance  values.     Test  results  on  these  tubes,   given on  Figure  2,   show  that
although  mu  and  transconductance  are  not  important  considerations  where
power  output  and  efficiency  are  concerned,   they  are  important with  respect  to
power  gain.    The  curve  clearly  shows  the  desirability  of both high  mu  and high
transconductance.

The  curves  shown  on  Figure  2  were  developed from performance  measured
on  about forty  tubes.    The  various  mu's  and transconductances  were  obtained
by  varying  such  things  as  grid wires  per  inch,   plate  to  grid  spacing,   grid wire
sizes  and  grid  configurations.    There  would be  other  variables  such as  tube
capacitances  but  at 425  mc  the  different values  obtained on the  relatively  small
tubes  evaluated were  not  important.    On  larger  tubes  the  capacitances  would
be  more  important.    Actually the  higher  mu  tubes,   which were  also  the higher
transconductance  tubes,   had the  lowest plate  to  grid  capacitance.

Gain vs  Power  Output:

It  is  difficult  to  determine  the  theoretical  gain as  a function of drive  level
and  one  must usua.Ily  resort to  actual measurements.    Figure  3  shows  the  test
results  obtained  on  two  different  ceramic  triodes,   Z-2869  and  7768,   when
driven  at  various  levels.    These  data were  taken using  the  triodes  as  class  C
amplifiers  and  gating  the  tube  ''on"  with  an RF pulse  of  500  microseconds
duration.    The  measured  values  of power  output,   efficiency,   and power  gain
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were  recorded  as  a function of  cathode  loading  in rna.  per  square  centimeter
of  active  cathode  surface.    The  mu's  are  different with  similar  tra.nsconduc-
tances.    The  Z-2869  has  a  mu  of  about  loo  and  the  7768  has  a  mu  of  about
225.    Although  these  results  would not  apply  to  all  triodes,   they  would be
useful  in predicting  at  least  qualitative  results.    The  tests  were  made  at 425
mc  using  single-tuned plate  circuits  and narrow bandwidths.

Wide  Band Performance:

As  stated previously,   it  is  important  that  the  tube performance be  deter-
mined  at the  desired bandwidths.    To  do  this,   a  lumped-constant,   double-tuned
plate  circuit,   grounded-grid amplifier  was  constructed and the  test  results
are  shown  in  Figure  4.    It  is  difficult  to  accurately  establish the broadband
high  level pulsed  characteristics  due  to  the  lack of  suitable  sweep  generators.
The  results  shown here  represent bandwidths  obtained by point  to  point meas-
urements  and for  a  double  tuned  circuit optimized near  the  anticipated  required
bandwidths.    The  cathode  loading was  approximately  I. 2  amperes  per  square
centimeter.    At  lower  drive  levels  one  would  expect higher  gains  and  lower
power  outputs.    The  available power  gains  would  increase  to  the  values  obtain-
able  for  class  A  conditions.    The performance  of  the  7768  under  these
conditions  will be  discussed  later.

Grid  and/or  Cathode  Plate  Pulsing:

For  simplicity,   the performance  data  shown  in  Figures  2,   3,   and 4 were
taken  on RF  cathode pulsed  class  C  stages.    However,   as  previously  discussed,
the  tube  must be  operated  at plate  voltages  lower  than permissible using
pulsed plate  voltages.    Where  maximum power  output  is  most  important more
pulsed power  can be  obtained from the  plate pulsed  stage.    This  latter  method,
however,   requires  higher  voltages  and more  elaborate  modulating  equipment.
Another factor  in favor  of plate pulsing would be  the  reduction  in  transit-time
effects  with  the  higher  voltages.    This  may be  important for  the  larger  tubes
which have wider  element  to  element  spacings.    These  various  factors,   plus
others  which may not be  so  obvious,   suggest  that  the  individual  designer  must
make his  own decision as  to  the  type  of  amplifier  gating he  should use.

Triodes  vs  Multi-Grid Structures:

Available  test  results  do  not  clearly define  the  comparative  UHF perform-
ance between the  tetrode  (or pentode)  and  an  equivalent triode.    The perform-
ance  advantages  of  the  multigrid tube,   where  they  exist,   must be  weighed
against the  extra  cost  and  circuit  complexity.

Using the design  curves  shown  in  Figure  i  and  substituting  the plate-to-
screen-grid  spacing for plate-to-control-grid values,   the  resultant  ratings
were  spot  checked on  a power  tetrode,   the  7399,   and the  measured power
outputs  agree basically w`ith predicted values  using plate  efficiencies  common
for  this  tube  size  and  at the  test frequency.    The  spacing between  the  screen
and  control  grids  must also  be  considered  to  prevent  arcing between these  two
grids.    Although  this  spacing  is  usually much  less  than the  spacing from



I
I
I
I
I
I
I
fl

a

I
fl

E!

I
I
I
I
I

i_

I

-5-

screen  grid  to  a.node,   the  voltages  are  also  much  lower.    Data  on  the  7399  has
been taken at  about 400  mc  using plate pulses  of  loo  microseconds  and  opera-
ting  at  a  duty  factor  of  . 005.    Good  life  test  results  have  been  obtained  out  to
at  least  5000  hours.    Life  also  depends  upon  other  factors  such  as  cathode  and
envelope  temperatures.    This  sort of  information must be  obtained from  the
individual tube manufacturer.

If  the broadbanded  triode  and multigrid  structures  are  compared.in  a
simplified  theoretical fashion,   the  advantages  of  the  multigrid tube  may be
questionable.    For  example,   the  voltage  gain for  the  tetrode  or pentode  can
be  estimated by:

|A|    =  gmRo  where  Ro  is  the  load  resistance  and  gin is  the
tube  transconductance.    The  gain-bandwidth product  is:

lAi  Af =  gELwhere  Af  is  the
2 nr' C t

half-power bandwidth  and  Ct  is  the. total  interstage  shunt  capacitance.    When
the  grounded  grid  triode  stage  is  considered,   the broad-band  gain  is  approxi-
mately  the  same  as  the  multigrid  tube  when Ro  is  much  less  than the  tube's
plate  resistance.    For  the  equivalent  interstage  circuitry,   the  grounded  grid
triode  gain-bandwidth product  is  theoretically  approximately  equal  to  the
multigrid  tube.    At narrow ba.nd  the  very high plate  resistance  values  of  the
multigrid  tube make  this  tube para.meter  relatively unimportant.    This  is  not
true  for  triodes. 5

Available  Cathode  Sizes:

The  curves  shown  in  Figure  i  suggest  that  available power  outputs  are
limited  only by  cathode  areas  and  tube  spacings.     This  is  true  except for  the
usual  limitations  applied  to  vacuum tubes  used  at  low  UHF.    Large  areas  and
wide  spacings  cannot be  used  and  only  the  well-designed high-frequency  struc-
tures  are  applicable.    Cathode  areas  up  to  about  10  square  centimeters  have
been  designed  into  efficient  cera.mic  tube  structures  and useful peak powers  up
to  loo  kilowatts  are  obtainable  at pulse  widths  of  around  loo  microseconds.

Life  vs  Performance:

Tube  manufacturers  have  known for  years  that  e££iciency  can be  improved
by  running  the  tube's  cathode  at high  current  densities.    The  resultant high
performance  is  short  lived,   and for  long  life  applications  the  tube  must be  used
more  conservatively.    In  an  effort  to  determine  the  performance  versus  life
capabilities,   life  tests  have  and  are  being  conducted and  in  some  cases  by the
systems  design people  themselves.    Significant  life  tests  have  been  conducted

5  Chap.   7  Electronic  Designers  Handbook   Landee,   Davis,   and  Albrecht
MCGraw  Hill
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at about two  to  three  amperes  per  square  centimeters  loading  at pulse  lengths
of useful value.    The  results  obtained on the  7399  have been mentioned.    Fig-
ure  5  shows  the  early  results  obtained  on  the  Z-2869  and  7768  previously
mentioned.    These  life  tests  are being  run  at  about  i. 5  amps  peak video  per
square  centimeter  with  a  duty factor  of  . 005  and for  a pulse  duration  of  500
microseconds.    For  simplicity,   the  tubes  are  being  life  tested  as  grid-pulsed
o s cillato r s .

Receiver

The  most desirable performance  features  for  the  receiver  are:

i.   Low noise.

2.   High broadband  gain.

3.   Long  life.

4.   Wide  dynamic  range.

5.   Tolerance  to  overloads.

The  metal  cera.mic  planar  triode  can best provide  all of  these  features.
In view  of the  low noise  figures  obtainable  from  competing devices  it  is  im-
portant  that the  best  available  tube be  used that  can operate  efficiently at  UHF.

Preamplifier Design and Performance:

From a  theoretical  standpoint,   since  maximum gain-bandwidth is  desir-
able,   multituned  interstages  should be  used.    For  example,   if  equal  "Q"

€:::::;:=:::inrteeresqtuaag[:Cafrdcouu±bt;e::uen::Scu±=ceud±ta:€[:hge±5erL#a:yo::dg::nc_°ndary
bandwidth  than  a  single  tuned  interstage.    Triple  tuning  and  so  on will  give
additional performance.    For  multistage  amplifiers,   alignment becomes  very
difficult and practical  designs  might  limit  themselves  to  double  and  triple
tuned  interstages.    It  should be  noted from  a  theoretical  standpoint that  the
maximum available  gain-bandwidth product in multituned  circuits  can be  ob-
tained  only  if  the  required  conditions  of  circuit  "Q",   coefficient  of  coupling,
primary and  secondary  capacita.nces,   and  so  on,   are used.

Using  two  7768'S  as  cascaded  grounded  grid  amplifiers,   a  425  mc.   ampli-
fier  has  been  constructed using  lumped  constant  circuitry and double  tuned
interstages  between  the  two  tubes  and  at  the  amplifier  output plate  circuit.    A
typical performance  of  35  db  gain  and  a 4. 0  to  4. 5  db noise  figure  was  obtained
with  a  3  db  bandwidth  of  a.bout  7. 57o.    This  measured  gain-bandwidth product
of  about  1600  mc.  per  stage  agrees  with  the  theoretical  value.    Similar
products  have  been  measured  at  1000  and  1350  mc.
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Dynamic  Signal  Range:

To  permit  simultaneous  tracking  of  close-in targets  as  well as  threshold
return  signals,   it  is  important  that  the  receiver  have  a wide  dynamic  signal
range.    Figure  6  shows  the power  gain of  the  7768  measured for  input  signals
from noise  level to  distortion due  to  overdrive.    A useful  dynamic  range  of
about  loo  db  is  evident.

Tolerance  to  Over-signals:

Two  types  of  signal  overload  can be  present  in  any  radar.    One  of  these
is  the  ever-present transmitter power  leakage  due  to  poor  or  inadequate  TR
techniques.    This  leakage  tends  to  reduce  receiver  life  and  represents  a
problem of  operating  cost.    Another  type  of  signal  overload  is  a  transitory
one  and  results  from  either  TR  failures  or  intentional power  jamming.    In
both  cases  the  most  logical  solution  is  the  use  of  tolerant  receiver  compo-
nents.    This  results  in  less  stringent  TR  requirements  and better  protection
against unpredictable  signal  levels.

The  exact  signal  overload  tolerances  of  the  various  receiver  components
are  difficult  to  find  and  in most  cases  to  measure.    To  illustrate  the  relative
tolerances  of the  various  receiver  techniques,   best  available  results  are
shown  in  Figure  7.

If  gating voltages  are  available,   additional protection  can be  obtained by
turning  the  receivers  off  during the  transmitted pulse period.    This  resulting
mismatch  reflects  energy normally  received.    This  type  of  extra  protection
is  usually  more  e££ective  using vacuum tubes  because  of the  larger  obtainable
mismatches  without  such problems  as  reverse bias  breakdown  and burnout.

Some  degree  of mismatch  and  resulting  reflection of unwanted  signals
exists  when the  receiver  is  overdriven due  to  changes  in device  input  im-
pedances.    This  would only be  permissible  if  the  overdrive  does  not  shorten
the  receiver  life.

Long  Life  and  Reliability.:

Previously  mentioned  transmitting  tube  life  test  results  and the  results
shown  in  Figure  8  demonstrate  the high performance  obtainable  from the
vacuum tube.    If  similar  tube  structures  with proven pulse  capabilities  are
used  in the  receiver  the  survival under  high pulsed  conditions  due  to  signal
overload  is  assured.

Conclusion

Preliminary  evaluation of the usefulness  of  the  vacuum tube  in the phased-
array  long-pulse  radar  concept has  been made.    Test  results  show power
outputs  sufficient to provide  very  large  radiated pulsed powers.    With  the
simplicity  and  low  cost  of the  vacuum tube  approach  these powers  can be
obtained  economically.    Life  test  results  both  in the  transmitting  and  receiving
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function have  demonstrated  tube  life  sufficiently  long to  minimize  the  main-
tenance problems  present  in  such  a  large  and  complicated  radar  concept.

Gridded vacuum  tubes  are  easier  to  apply.  in  the  receiver  function than
other  devices  and  are  much  more  tolerant  to  over-signals  both anticipated
and unanticipated.    Broadband  gains  of  su££icient  value  have been demon-
strated to  reduce  the problem of  second  stage  noise  contribution.     The
measured  overall  low  UHF  noise  figures  are  sufficiently  close  to  values
obtained from  competing  solid-state  devices  to  warrant the  serious  considera-
tion of  vacuum tubes.    With the  extra protection necessary for  the  solid-state
receiver  and the  insertion  losses  and  costs  of  the  required  additional  circuitry,
the  performance  differentials  most  often  quoted between the  solid  state  and
vacuum tube  approaches  should be  carefully  evaluated.

The  writer  wishes  to  thank  W.   P.   Kimker  and  C.   E.   Finley  of the  Re-
ceiving  Tube Department  and  R.  P.   Watson  of the  Power  Tube Department  of
the  General  Electric  Company for  their  assistance  in the preparation  of  this
paper  and  in obtaining  the  test  results  shown  therein.

NOTE:    The  disclosure  of  any information or  arrangement  herein  conveys
no  license  under  any patents  o£ General  Electric  Company or  others.    In  the
absence  of an  express  written agreement  to  the  contrary,   the General  Electric
Company  assumes  no  liability for patent  infringement  (or  any other  liability)
arising from the  use  of  such information by  others.

JW  Rush/ka
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hTem

LIFE  TEST   suMMARy   OF   cERArmc   TypEs   UNDER
HIGH  TEMPERATURE   AND   HIGH  HUMIDITY   CONDITIONS

erature  Life  Tests

There  has  been  a  continuous  interest  in  the  high  tellperature
capabilities  of  ceramic  tubes  at  telrperatures  above  those  permitted
by  the  published  ratings.    Through  our  regular  lot  acceptance  life
testing,   considerable  data  bave  been  accumulated  which  substantiate
the  published  temperature  ratings.     However,   other  special  life
tests  have  been  conducted  to  evaluate  the  tubes  at  higher-than-
rated  texperatures  and  a  summary  of  some  of  these  tests   is  presented
in  this  report.    Attached  are  life  test  data  consisting  of  Plate
Current  and  Transconductance  medians  versus   time  for  the  following
tes ts :

Ezp£
72.96
72.96
7296
72.96
Z-2354

Alho.   Temp.         Env.   Temp. L.T.   Duration

4oo°C                    450°C             5.4  V          2000  Hrs.
5000C                     550°C             4.3   V          4000  Hrs.
240°C                     300°C             6.3   V        15000  Hrs.
240°C                     3000C             6.3   V        15000  Hrs.
4000C                     4500C              5.0  V        17000   Hrs.

*  Note   that  lots  472   and  305  of   the  7296,   and  lot  253  of  the  Z-2354,
were  life-tested  at  reduced  heater  voltage.    This  was  done  to
obtain  longer  tube  life  by  keeping  the  cathode  temperature  within
bounds.    However,   the  particular  value  of  heater  voltages  used  in
these  tests  are  not  necessarily  tbe  optimum  values.     The  lower
plate  current  and  transconductance  values  of  lot  305,   as  compared
with  lot  472,  are  caused,  at  least  in  part,  by  the  higher  envelope
temperature  of  lot  305.    Higher  envelope  temperature  increases   tbe
spacings  between  the  tube  elelnents,   thus  reducing  the  transconductance
and  plate  current.    It  may  be  that  with  the  particular  beater  voltage
used,   the  cathode  temperature  was   lover  for  lot  305,  causing  part  of
the  difference  in  cbaracteristics.    However,  this  was  not  verified
by  measuring  cathode  telxperatures.

Humidit

In  addition  to  the  high  allbient  life  test  operation  sulrmary,
test  data  of  a  special  humidity  test  are  included.    This  test  was
performed  to  investigate  the  effect  on  tube  properties  due  to
absorption  of  moisture  into  the  ceramic  and  seal  areas.    The  test
consisted  of  type  7768  tubes  placed  in  a  chahoer  and  subjected  to  a



steam  vapor  of  approximately  100°C  and  95-100  percent  relative
humidity  for  an  extended  period.    These  test  conditions  are  in
accordance  with  NIL-E-I,   Par.  4.9.9,  with  the  exception  of  a  longer
duration.    The  tubes  were  taken  out  of  the  chalhoer  at  various
intervals,  conditioned  at  room  afroient  for  several  hours,   and  read
for  heater  current  and  plate  current  characteristics  to  detect  any
air  leaks  or  other  degradation  in  electrical  characteristics.    Of
the  two  lots  being  tested,   one  has  conpleted  1030  hours  and  the
otber  has  coapleted  466  hours.    The  results   indicate  no  significant
change  in  plate  current  or  heater  current  throughout  the  test.
These  readings  are  good  indicators  of  tube  condition  and  it  is
evident  that  the  tubes  bave  withstood  the  humidity  environment  with-
out  deleterious  effects.

These  data,  of  course,  are  insuf f icient  to  provide  a  great  deal
of  statistical  proof,  but  the  long-duration  life  performance  data
do  present  an  encouraging  indication  of  reliable  operation  under
high  alhoient  and  high  humidity  conditions .

Tbis  material  was  prepared  by
W.   H.   Lemaster,   Specification
Development,   General  and  I&M
Tubes,  Receiving  Tube  Engineer-
ing,  and  distributed  by  Technical
Data  Unit,  Receiving  Tube  Depart-
ment .
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TYPE   -    7296

HIGH  TEMPERATunE   LIFE   TEST   DATA

Plate  Current  Charac.   VS   Life
Lot   472                                                                                                                                                                                                                  Avg.    of   10  Tubes
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TYPE   -    7296

HIGH  TErmERATURE   LIFE   TEST   DATA

Transconductance  Charac.   VS  Life
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TYPE   -   7296

HIGH  TErmERATURE   LIFE   TEST   DATA

Plate  Current  Charac.   VS  Life
Lo t 305 Avg.   of 10Tube S11, I I ....I.I-I.I I.I . I I ....
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TYPE   -   7296

I]IGH  TEmERAIURE  LIFE  TEST  DATA

Plate  Current  Charac.   VS  Life
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TYPE   -   7296

HIGII  TErmERAIURE   I.IFE   TEST  I)ATA

Transcotiductance  Charac.   VS  Life
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TYPE   -   7296

HIGli  TErmERATURE   LIFE   TEST  I)ATA
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TYPE   Z-2354

HIGil   TErmERATURE   LIF`E   TEST   DATA

Transconductance  Charac.   VS   Life
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TYPE   -   Z-2354

HIGH  TEmERATURE   LIFE   TEST   DATA
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Humidity  Test  Results  of  Ceramic  Type  7768

Test  Conditions  Per  MIL-E-14.9.9

261   Hr.        404  Hr.        568  Hr.         7061/2   Hr.      845   Hr.1031   H

466  Hr.280  Hr.1381/2   Hr.

Group  #1

Tube  #

•p-26  ::(#)

1P-28

1P-41

1P-43

1p-49

1P-68

1P-72

1P-77

1S-10

Group  !F2

Tube  #

•L-1  ::(#;

1L-13

1L2-13

1K4-23

|K6-3

1K6-7

1P-59

1P-65

'1P-75

1P-78



EI-48
rmrch  18,   1963

RESULTS   OF   RECENT   TESTS   0F
cERArmc   TUBEs   DURING

EXPOSURE   TO  NICLEAR  RADIATION

A  number  of  General  Electric  ceramic  tubes  were  recently
operated  in  the  field  of  a  nuclear  reactor  with  provisions  made
for  periodic  monitoring  of  the  tube  and  circuit  performance  before,
during,  and  after  exposure  to  nuclear  radiation.

Five   type  6442's,   5   type  7588's,   and  5   type  7077's  were  operated
with  the  tubes,   sockets,   and  connecting  wires  only  adjacent  to  the
reactor  and  all  other  circuitry  removed  from  tbe  vicinity  of  the
reactor,  while  18  type  7462's  were  operated  in  three  60-negacycle
intermediate-frequency  amplifiers,  adjacent  to  the  reactor.    In
addition,   one  tube  of  each  type  and  one  60-megacycle  aaplif ier  were
operated  simultaneously  away  from  the  reactor  to  provide  readings
for  colxparison.

The  reactor  was  operated  for   128  hours,  achieving  a  3-megawatt
level  at  20  hours,  and  lnaintaining  it  to  the  end  of  the  test.    At
intervals,  measurements  were  made  of  plate  current,  plate  current
versus  grid  voltages,  and  plate  current  at  reduced  heater  voltage
for  all  tubes  not  in  the  60-megacycle  alxplifiers;   and  plate  current
of  each  tube,   gain,  bandwidth,  and  tangential  noise  for  the  four
60-megacycle  alxplifiers.

During  the  test,   there  was  very  little  change  in  average  plate
current  of  any  of  the   tubes.     However,   two  of  the  60-megacycle
amplifiers  failed  at  approximately  57  hours,  without  plate  current
changes.    Within  two  hours  after  shutdown  of  the  reactor,  both  of
the  amplif iers   that  failed  had  recovered  and  would  perform  approxi-
mately  as  well  as  they  did  initially.

It  is  believed  that  coaxial  cables  carrying  r-f  signals  to  and
from  the  amplifiers  were  severly  affected  by  the  heat  from  a  hot-air
line,  and  that  this  accounts  for  the  amplifier  failures,  since  there
was  no  significant  difference  between  the  plate  current  readings  for
the  tubes  in  the  non-operative  amplifiers  and  those  in  the  amplifier
that  continued  to  function.
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Detailed  results  of  the  tests  are  presented  below  ln  graphical
form with  explanatory  notes .
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1.    Reactor  output  level  =  0  Kilowatts
2.    Reactor  output  level  =  50  Kilowatts
3.    Reactor  output  level  =  150  Kilowatts
4.     Reactor  output  level  =  1  Megawatt

::    ::::::e:u::::g:ere:.;x:o¥:8a##t;E > o.3  Mev)  and
1.8xl01°  Ergs/GM(c)     All  dosages  are  estimated  on
the  basis  of  previous  dosimetry  of  the  source.
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7.     Estimated  dosage  =
3xl0L°  Ergs/GM(c)

8.     Estimated  dosage  =
5xl010  Ergs/GM(c)

9.     Estimated  dosage  =
7xl010  Ergs/GM(c)
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3xl0t6  NVT   (E>0.3  Mev)   and

5.5xl016   NVT   (E>0.3   Mev)   and

7.5xl0[6  NVT   (E>0.3  ifev)   and

10.     Final  estimated  dosage  =   1xl017  NVT   (E>0.3  Mev)   and
9xl0L°  Ergs/GM(c)

11.     Reactor  shut  down  at   128  hours.
12.     The  7462's  were  approximately  10  inches   further  away

from  the  reactor  than  the  other  tubes.    Therefore,
for  these  tubes  divide  both  neutron  dose  and  garma
dose  by  2.

13.    The  bias  battery  for  the  alllplifiers  was  changed  at  this
point .

Test  Circuit
=   200V  DC

No.   of  Tubes Ezp± Test  Conditions

EcRL
-1.OV           3.3K
-0.5V              10K
-0.5V             20K

Plate  current  of  the  18  type  7462's  in  the
60  RE  amplifiers  was  obtained  by  measuring
voltage  drop  across  each  cathode-bias
resistor.
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Notes :

: :   3j::::i::: al::::n::#f:::::: g:::ii:::8:::¥,I::>:!i:oT?v,
NVT   (E>0.3  Mev)   and  3X10[°  Ergs/6M(c)

4.    Amplifier  #3  operating  again  and  stable
5.    Alnplifier  #3  intermittent  from  here  to  shutdown
6.     Reactor  shut  down  at  128  hours.     All  three  amplifiers

operating  within  two  hours  after  shutdown.
7.     Noise  levels  not  best  obtainable.     Amplifier  inputs  were

loaded  with  2.2K  grid  resistors   and  matched  to  a  50-ohm
input  cable  for  desired  bandwidth  and  minimum  VSWR.

Gain  -Insertion  gain  was  measured  using  a  small-signal  r-f  pulse.

Noise  -  Tangential  noise  is   the  DBM  level  of  small-signal  r-f
pulse  equal  in  amplitude  to  the  noise.    This  does  not
show  the  low  noise  capabilities  of  the  7462,  because  the
shunt  resistor  used  in  the  input  of  the  60-RE  amplifier
was  cbosen  to  obtain  the  desired  bandwidth  and  low  VSWR
rather  than  minimum  noise.

Center  Frequency  and  Bandwidth  -  These  were  both  measured  by
observing,  with  an  oscilloscope,   the  swept  response  of
the  60-megacycle  amplifiers.    The  length  of  coaxial  cable
required  (200  feet)  between  the  amplif iers  and  the
measuring  equipment,  and  its  exposure  to  the  reactor
environment,  are  believed  responsible  for  most  of  the
variations  in  bandwidth  recorded.
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Figure  3  shows  the  average  variation  in  plate  current  with  bias
for  5-tube  saxples  of   the  7077  and  7588.     These  measurements  were
made  four  times  during  the  tests.    Where  the  four  readings  are  shown
in  line  with  the  curve,   they were  so  close  together  that  they  could
not  be  distinguished  when  the  curve  was  plotted.
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Figure  4  presents  data  for  the  6442,  similar  to  that  presented
in  Figure  3  for  the  7077  and  7588.
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FIGURE   5

Figure  5  shows  changes  in  plate  current  resulting  from variation
in  heater  voltage  for  the  6442,   7077,   and  7588.     A  ten-minute  period
was  allowed  between  each  heater  voltage  change  in  order  to  stabilize
the  readings.

Prepared  and  distributed  by  Technical
Data  Unit,  Receiving  Tube  Engineering,
Owensboro,   Kentucky  on  the  basis  of
information  obtained  in  tests  that  were
made  under  Air  Force  Contract  AF33(657)
8686  for  which  a  manufacturer  other
than  General  Electric  was   the  prime
contrac tor .
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ALEp__LlcATlpN  NOTEs   ON  A   NEw  50, 000  pr_I_cF_0_ngHHPQ

PIIANAR  CERAMIC   TRI0I)E

J.  W.  F.ugh
General  Electric  Company

Owensboro,  Kentucky

Introduct,:ion

More  recerfu  electr.onic  systems  feature  performance  tha.t  demands  maxinurri  ga±m
at  wide  bandwidths  and  state-of-the-art  noise  figures.    Compromises  have  been made
i.n  system performance  because  the  best  active  components,  vacuum  tubes  for  exaxple,
co`ild not  operate  reliably  fin  the  required  environments.    Recent  advances  in
vacuum  tube  techactlogy have  in  fact,  constituted  a  breakt,hrough  which provides
structures  yielding  both  high  electrical performance  and tolerance  to  high  shock
and vibration,  high  temperature  and  strong mclear  radiation.

To  provide  maximum  pel`fomance  the  planar  ceramic  triode,  7768,  wa.s  designed
for ma]cimun  transconductance,  minimum  capacitance,  and mininum  tlunsit  tines.    The
use  of planar  structures,  ceramic  insulators,  high  temperature  seals,  and  a newly
d±Veife€afyrisn:t=#:=±¥a#:::%±::g?PerfeTQ7ffic:£:::u=Sa:::#ne±n±n¥h°=:ng
and about  three  quarters  of  one  inch  in  diamebel..    See  Fig`ire  1.    This  figure
shows  the  grounded  grid  configuration  chosen for the  tube.    The  cntaway view

5E:::=:isso:h:hein7?;£1rep|=:rh::Iug#:I::ca¥:o::a:::=:f5:a:5oui?tei=Tmi|s,its
768  bums  per  inch  grid with  .h nil  grid wires,  a.nd  .3h  squa.I`e  centineters  of
active  ca.thode  surface.

For  low micl`ophonics  and  resistance  to  shock and vibration the  grid  structure
has  tiro  support  wires  wound  at  right  angles  to  the  smaller  grid wires.    Each  .h
nil wire  is  bra.zed  to  the  larger  support wires  to  obtain a,  reliable  grid as well
as  provide  more  efficient heat  flow from  the  grid.    These  features  greatly
incr`ea.se  the  tubel s  tolerance  t,o  abnormal  signal  overloads.

The  7768  haLs  been  subjected  to  h50  Gl s  in  three  planes  without  dama.ge  in  a
Mil  Spec  test.    Other  development  bypes  similar  to  the  7768  have  survived

§::i¥_i::ifriEvet°b::i¥#:teTde=£rotE:r##r::n#u::rh:=::::::##:er8888.
Gl s  for  3  to  5 mi]|iseconds.    The  stmcture  has  also  survived pressures  grea.tor
than  found  at  i,he  deepest  knouri ocean depths.

Irrout  frodance

It  is  difficult  to accura,tely define the  equivalent  input circuit  for a  tube
designed  for  grounded  grid  service.    Existing measuring  techniques  are  not very
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accura.te  and  the  transit  tine  loading  is  masked by the  low dynamic  input
resistance  of this mode  of tube  operation.    To  mininize  measurement  errors,  a
special  slotted lil_`e was  built  to  maintain  a  cons.baut  Zo  to  the  tube  ca.thode  ring.
Since  the  in:put,  impedance  is  affected by the  tube  plate  load  shorrb-Oil.cuited  input
impedance  measurements  were  made  by by-passing  the  tube  grid  and  anode  at  the
measured  frequencies.    The  results  of these  measurements  are  shown  in  Figure  2,
for  a  cold tube  and an  operating  tube  drawing rated plate  cuments.    The
"Gin-cold"  curve  repriesents  the  passive  input  reactance  of  the  tube.    The  "Rim-cold"
plot  is  definitive  of both the  input  ceramic  losses  and the  tubel s  cold  cathode
coating  loss.    To  minimize  ceramic  losses  both low loss  ceramics  a.nd built-in
subl:ination  shie`lds  are  used.    The  "C.in-hott'  plot  iHustrates  the  rise  in input
capacitance  due  to  space  charge  effect,s  and  the  themal  expansion  of  the  cathode
support  cylinder.    The  latter effect  ha,s  been minimized by the  proper selection
of materials.    No Miller effect  is pleseut  since  the  tube  anode  is  at, RT  ground.

The  !]Rin-hot"  curve  illurstrates  the  low d}rnamic  input  resistance  of  the
grounded grid stage.    At low frequencies  this  is  approxinately equal to  the
Iieciprocal of the  tubel s  transconduct,ance.    The  reduction  in  input  resistance
with  increasing  frequency can be  used to  estimate  transit  time  loading.    One
nomally assumes  the  input  resistance  consists  of the  parallel  combination of
1/gin    and the  transit  time  resista.nee.    The  results  shoim  here  a.gree  approxina.tely
with the  detemlination of transit time loading froni the  noise  contributed by
induced  grid  noise.iE   One  could  nomally assume  that  the  ttibel s  input  reactance
irould be  independent  of frequency and  the  changes  3m  input  capacitances  at the
highest  frequencies would be  questioned.    The  rise  in cold  capacitance  and the
fall  in hot  capa.citance  is  assumed to be  due  to  series  inductamces  in the test
jig and the  internal tube paris.
RE  Performance

One  of the  major  design  objectives  for the  7768  was  low noise  figure.    To
obtain nindmum noise  figures,  the  circuit  designer unst  remenber  that low loss
circuitry must  be  used  and  the  tube  cathode  rust  see  the  tubel s  optimum  sour.ce
resistance.    Figure  3  shows  the  optimum  source  inpedance  for  the  7768  as  a
function  of fliequency.    The  plotted minimum availaLble  noise  figures  assume  no
circuit  losses,  no  second  stage  noise,  and  optinum  sour.ce  ixpedance  for  the  tnbe.

It must  also  be remembered  that  minimum noise  fig`ires  also  require  proper
DC  biasing.    Figure  h shows  noise  figure  corfuours  dram  over the  trbel s  plate
characteristics®    Minimum noise  figure  is  obtained at maxinuni  tramsconductance
and bias  levels  sufficient to prevent any grid curm3rfu  flc".

Figure  5  shous  the  7768  sma]|  signal poser  gain  compaLred  to  the  smaller

##rb:ei:gr::c:r±::::i:k6:a:t=:32:7troTh=::veLys::?°5=#£:Cerfe::rthe

:RL::hi;5E:  and Darmsej  W.  "Theol.:}r of  Notry Four  Poles",  Proceedings  of the  I.R.E.
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levels  of  trmsconduetance  ab  lover values  of  cathode  current  densit,y.    The high
transconduetance  and high mu,  afoout  225,  of  the  7768  provides  state-of-the-art
gain figures.    The  low transit  times  obtainable  from planar  stmctures  provide
useful  gains  well  irrdo  the  kilonegacycle  region.

Tube  to  Tube Variation

The  eatremely close  spacings  necessary for efficient  use  of availa.ble
emitting  surfa.ces  and  high f]:`equency performance  require  mechanica.1  tolerances
much  smaller than practical  for conventional tube  structures.    Even  though extreme
care  is  used in the  mechanical  constniction  of the  7768,  tube-to-tube  variations
may still  occur  due  to  other  causes  such as  cathode  activity.    Reasonable
production maximum  and minfuum  limits  are  used based  on  both economical  and
acceptable  perfomance  spread  considerat,ions.    To provide  additional reduction  in
the  variation  of performance  fl`on tnbe  to  tube  and t,o  permit  use  of the  tube  near
its  mar±mun  I`atings,  various  biasing  methods  can be  used.

Figiire  6  shcrws  three  typical  biasing methods.    Method A  u.ses  a  fixed  Ebb  and
a  cathode  bias:ing  resistor.    Method  a  uses  a higher value  of  Ebtt,  a plate  dropping
resistor,  and  the  same  value  of cathode  resistor used  in Method A.    Mbthod  C  is
called a buck-boost  circuit.    The  same Ebb  voltage  choim  in Method A  is  used with
a  cathode  resistor inch  larger than before.    To  provide  the  proper tube  bias,  an
eJchermal  bias  voltage  is  required.    Miethod A  represents  the  simpliest bias
circuit,.    To  prevent  limit  t,ubes  from  drawing  excessive  plate  cunent,  the  average
tube must be  operated at  relatively low plate  currents.    This results  in a lcmer
average  bltansconductance.    Method 8  requires  no  external bias  source  to  obtain  a
narrower plate  cument  spread but  does  so  a,t  the  expense  of  higher Ebb  values  and
the  power  loss  in the  pla.te  dropping  resistol`.    Method a  provides  ainost  constant
bias  fran  tube  to  tube.    Method C  is  the  most  efficierlt  bias  method.    A very
rmrmow spread  :in plate  cuments  is  obtained and  a  similar tight  control  of plate
dissipation  results.    Methods  8  and  a  would  also  provide  more  uniform  performance
with life  when compared to Method A.    Figul`e  6  also  serves  to  illnstrate  the
a.ppro3!:irate  quantitative  characteristic  spreads  from tube  to tube.    The  plotted
data repriesents  about  fifty tubes  from two  prodtiction lots.

±9C_ket_hi

The  mechanical  configurat,ion of  the  7768 iras  chosen to  permit  tube  usage
fl.on low frequencies  to  max±mm  usable  frequencies  limited  only by tube  transit
time  effects.   At  lcwer frequencies  ccrmercially available  sockets  can be  used.
At  strip-line  and coarial  circnit  frequencies,  connection can be made directly
to  the  tube  elements.   At higher frequencies  the  tise  of socketless  techniques  are
recommended  since  the  tubel s  latent  performance  can be  seriously degraded ty
socket  loss  and  capacitance.    The  7768  constmction,  being  of  tenperature  tolerarfu
metal and  ceramic,  also permits  solder-in  circtiit  techniques.    This  feature  can
offer  advantages  of more  reliable  connections,  socketless  cirouitry,  and  rigid
tube  mounting  for  extreme  mechanical  envirorments.    Although  the  structure  is

::1:rak::::::m#=::u:i:+:e::i:eh±£ge:a:htanra:::gn€:ra£°=ealt:£:d::Eg:CS±=u=i
suggests  several methods  of  connection to  the  7768  triode.    These  techniques  are
useful  at  all  frequencies  where  the lead inductances  are  not  critical and  where
maxinum  gain-bandwidih perfomance  is  desired.
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Measured  Performance

AIthough  the  high value  of gain-bandwidt,h pl.oduct  amailable  from the  7768
makes  it most  attractive  in wide-barld  circuitry,  its  nsefu]mess  is not limited
to  these  applications  alone.    The  tubes  have  seen usaLge  at  sub-audio  frequencies
whel`e  flicker noise predominates  and  the  ba,sic  strticture  has  been evaluated to
C band  frequencies.

Most  of the  established  performance  has  been  detemined  in VHF  and  lcwer URE'
regions.    Figure  8  shows  the  measured  gain  and noise  figures  for a tro  stage  7768
axplifier  covering  the  complet,e  VIIf`  telemetering  band  from  225  to  260 mc.    Figure  9
shows  t.he  triple  tuned int,erst,age  circuit  used.   A broadband single-tuned ±xput
circuit  is  used t,o present the  optirmm source  resistance  to  the  first  stage.
Figure  10  shoms  a  top  and bottom view of a  similar  two  stage  amplifier..#   These
photogra;phs  illustrate  the  use  of  cormercia]|y available  sockets  and the  relative
£#BL±:5gd°:£:e2±F£:e;Er::.C::u::¥:S;:;s±¥±Sre::#:S:1::t#r#:e;r:fide
three  identica.1  outputs.

Figure  ]1 is  a photograph  of a two  stage  double-tuned lcoo mc.  amplifier.
This  Oil.cult features  socketless  circuitry and the use  of flat  resonan:t lines
foreshort,ened with variable  capacitors.    Coupling between resonant  elenents  is
obtained by means  of two  small  ceramic bypass  capacitors  placed  thni tro  small
holes  in the  inter-section  shields.    An overall  gain  of  38  db.  at  a 3  db.  band-
width  of  15 mc.  iras  measured.    A  single  stage  double-tuned 7768  amplifier mag
constmcted  using  similar techniques.    Va,Pious  gaLins  were  measured  as  a function
of  amplifier bandwidths.   An approxinate  Calculation  of tube-circ`iit bandwidth
can be  detemined by:

a+BW a

£i:;i::£::::h:£:::b£%r=tei::!£:5g:a£¥:e!fg::die:::i;::man:¥:.Ate::£iin;:=T:t±=;is:e::
the  single  stage  loco mc.  amplifier gave  the following  resultss

Gain

12.0  db
lh,5  db
17,0  db
19,0  db

3   db  ERT

1cO  lnc
5Omc
20mc
10mc

GJEW___i

16cO  mc
lhoo mo
loco mc

800  mc

These  results  show among  other things  the  effect  of poorer circtiit  efficiency at
rmrl.over bandwidths.    Pomer  gain  is estinated  to be  equal to:

a =  8nRL

3aphoto  courtesy of  t,he  U.  S.  Naval Avionics  Facility in  Indianapolis,  IndiaLna.
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I.ire  Tests

Although e3deensive life  tests  hav\e  not been coxpleted for the  7768,  its  lug
type  countexpari  has  been life  tested in excess  of 5000  hotirs.    Figure  12
i]|ustrates the excellent life  characteristic  obtained from this tube  construction.
The  cathode  tenperature  is  designed for long life  at  I.abed heater voltage,  6.3
volts,  and this  i,experature  has been found to be sufficient for all Class A service
and  optimum for mininum noise  figure.    Tests  at  lc"er  and higher heater voltages
have  shoim no  useful  ixprovemerfus  in noise  perfomance  when  operated at  rated
Class  A  conditions.

Conclnsion

The  7768,  a new metal-ceramic  triods,  has  demonstrated  the  excellent RF
performance predicted on the  basis  of the  tubel s very high trmsconductanoe  and
efficient high frequency constmction.    High  gain and lou noise  fignres  can be
obtained under conditions  of long life and high reliability.

The  writer wishes  to  thank W.  P.  K±ndcer,  Cey Jack8on  and  J.  D.  Campbe]|  of  the
General Electric  Coxpany,  Receiving Tube Department,  for their assistance  in the
preparation of  this  pa;per and the test results  shown therein.

NOTES    The  disclosure  of arty information  or  arrangement  herein  Conveys  no  llconso
under  any patents  of  General Electric  Company or others.    in the  absence  of an

:gE::L¥L¥±£t::rag:i:+e::nL#L:E:in:±ntr:rryfho;t%=e;FabE:€#:I::E:¥L=s#s
use  of  suLch infomation by others.
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PRECAUTIONS   TO  BE   OBSERVED   IN  TESTING
HIGH-FREQUENCY   PLANAR  TUBES

Introduc t ion -  Testing  of  close-spaced,  high-performance,  high-
frequency  planar  tubes  presents  cliff iculties  that  may  be  overlooked
and  may  account  for  misleading  results  or  damage  to  the  tubes  being
tested.    Many  commercially  available  tube  checkers  are  not  satisfactory
for  checking  these  tubes,  and  an  effort  should  be  made  to  determine
if  the  checkers  meet  the  requirements  listed  below  before  they  are  used.

Sbort  and  Leaka e  Tests  - When  grid-to-cathode  leakage  and  shorts
are  checked,   the  maximum  voltage  applied  between  grid  and  cathode
should  be  100  volts,  with  the  grid  negative  with  respect  to  the  cathode.
Some  checkers  use  a  neon  bulb  in  series  with  an  a-c  source  and  a
capacitor  to  check  for  shorts  and  leakage,  and  apply  peak-to-peak
voltages  as  high  as  250  volts  between  grid  and  cathode.     This  type  of
circuit  can  indicate  shorts  and  leakage  when  it  should  not,  and  its
use  may  permanently  damage  the  tube  being  tested.

Test  Conditions  -  In  order to  obtain  values  of  plate  current
and  transconductance  comparable  to  those  listed  on  the  tube  data  sheets
as  ''Initial  Characteristics  Limits",   it  is  necessary  that  the  tubes  be
tested  under  the  conditions  given  on  these  sheets.    This  includes  using
the  indicated  values  of  heater  voltage,  plate  voltage,  and  grid  voltage.

Oscillation  -  When high-Gin  tubes  are  tested,   radio-frequency  tank
circuits  are  often  formed  by  the  leads  external  to  the  tube,  and
oscillation  often  results.    This  oscillation will  give  misleading
results  and  is  usually  manifest  by  variations  in  plate  current  as  leads
external  to  the  tube  are  moved  or  a  hand  is  brought  near  the  tube.
This  oscillation  can  usually  be  stopped  with  chokes  and  bypass  capacitors
at  the  test  socket.

Cooling  -  It  is  important  that  the  envelope  temperature  rating  is
not  exceeded  during  testing.    If  testing  is  prolonged,   some  means  of
cooling  may  be  required.     This  may  be  accomplished  by  means  of  a  heat
sink  or  with  forced  air.



Sockets  for  Testin -  Sockets  suitable  for  use  in  fabricating
adapters,  and  complete  adapters  for  some  tube  types,  may  be  obtained
from  several  socket  manufacturers.    The  following  manufacturers  may
be  contacted  for  information  on  sockets  and  adapters:

Community  Engineering  Corporation
State  College,  Pennsylvania

Instruments  for  Industry,  Inc.
101  New  South  Road
Hicksville,  New  York

Jettron  Products,  Inc.
56  Route   10
Hanover,  New  Jersey

In Case  of  Diff icult -  If  your  results  ln  testing  planar  tubes
are  unsatisfactory,  contact  your  General  Electric  Sales  Representative,
91vlng  details  of  your  test.

Prepared  and  dlstrlbuted  by  Technical
Data  Unit,  Receiving  Tube  Engineering,
Owensboro,  Kentucky,  on  the  basis  of
information  supplied  by  lff .  S.  E.  Peach
of  Appllcatlon  Engineering.

-2-



A  NEW  MICROWAVE  TRIODE  FOR

PULSED  OSCILLATOR  SERVICE

J.   D.   Campbell                    J.   W.   Rush
General  Electric  Company

Introduction

Many  types  of  microwave  equipment  require  a few  kilowatts  of pulsed
power  output where  small  size,   light weight,   and  low power  consumption  are
important.    Typical  examples  of  these  kinds  of  equipments  are  altimeters,
radar beacon  transponders,   and  distance  measuring  equipment.    While  exist-
ing pulse  triodes  were  designed primarily  for  service  up  to  3500  megacycles,
many  applications  require  a performance  range  including frequencies  up  to
6000  megacycles.

The  most  important  requirements  for  a  tube  in this  service  are  low
power  consumption,   small  size,   low  interelectrode  capacitances,   low  loss
insulators,   low  inductance  connectors  and  low transit-time  loading.     The
planar  metal-ceramic  structure  of  the  Z-2867  incorporates  an  optimum  combi-
nation of these design  requirements.    Its  size  is  smaller  than  either  of  the
pulse  triode  types  6442  or  7815  as  shown  in  Figure  I.    However,   the  Z-2867
is  larger  than  the  Z-2866,   a  loo  watt pulsed  triode  shown  for  comparison.
The  Z-2867  has  a  maximum  contact  ring  diameter  of  3/4'`'  a.nd  is  7/8"  long
including heater pins  and  anode  connector.

Tube  Desi n Features

The  configuration  and  spacing  of  the  electrode  contacts  (Figure  2)  were
chosen  to  present  acceptable  impedance  values  and feedback  in a  reentrant
cavity oscillator.    The  anode  diameter  is  reduced  in the  seal  area  to  compen-
sate  for  the  dielectric  constant  of  t:he  ceramic  and  reduce  the  discontinuity  in
the  impedance  of the  grid-anode  circuit.    The  anode  insulator  was  made  as
thin  as  possible,   consistent with  anode  dissipation  requirements,   so  that  the
short ,grid  cylinder  required for  6000  Mc  operation would have  a  relatively
small portion  of  its  volume  occupied by  ceramic  material  and  thereby  mini-
mize  losses.     The  ceramic  material  used  is  especially  designed for  low
dielectric  loss  at  UHF  frequencies.

All  external  contacts  are  titanium base  material which  is  first nickel
plated  and  then  gold plated to  provide  the  best possible  contact  to  cavity  com-
ponents.    Losses  may be  further  reduced by  soldering  the  components  directly
to  the  tube  contacts.     This  practice  is  especially  desirable  for  the  heater
supply  voltage  connection,   since  this  will  eliminate  any  voltage  drop  due  to
contact  oxidation during  life.    The  resulting  stability  of  cathode  temperatur.e
serves  to  assure  longer  life.    However,   the  life  tests  described  in  this  paper
were  not  conducted with  soldered  connections  since  the  test  cavities  were  not
subjected  to  a  corrosive  atmosphere.
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The  high peak  cathode  currents  required for best performance  of pulsed
oscillators  generally  require  higher  cathode  temperature  than for  CW  opera-
tion.    Therefore,   maximum heat transfer from heater  to  cathode  should be
employed to hold heater power  consumption to  a minimum.    In addition,   good
heat transfer would allow the hea.ter  to  operate  at  a  low temperature,   thus  im-
proving  life  expectancy.    The flat  spiral heater-cathode  structure  shown in
Figure  2  requires  207o  less  power  for  the  same  cathode  temperature  than is
required by the  more  commonly  employed helical  coil.    A heat  shield which
holds  the  coil in place  reflects  heat to  the  coated  cathode  cup  and  conducts
heat to  the  outer  perimeter  of  the  cup.

A  ceramic  sublimation  shield prevents  changes  in  insulation and  capaci-
tance between grid  and  anode  during  life.    This  provides  good frequency
stability  a.nd holds  RF  losses  to  a  minimum.

The  cathode  support  cylinder  of this  tube  is  uniformly welded  to  the
cathode  and  cathode  contact  so  that no  deformation will occur  at  acceleration
levels  up  to  4000  a,   with no  voltages  applied.    If  the  tube  is  mounted  in the
preferred position  so  that  the  a.cceleration places  the  support  in tension,   levels
up  to  15, 000  G  will  give  only  slight distortion  of  the  cathode.    The  other  tube
components  will  survive  even higher  accelerations.

The  component parts  of this  tube  are  vacuum fired prior  to  assembly to
remove  residual  gases.    The  tube  is  sealed by  aligning  all the parts  in a jig
which  applies  axial pressure.    The  tube  assembly  is  pumped to  a high vacuum
and baked out to  remove  gases  and water  vapor.    As  the temperature  is  further
raised,   cathode  activation  gases  escape between the unsealed  surfaces  of the
tube.    The  tube  is  finally  sealed  at  about  1000° C  by  a nickel titanium  eutectic.
The  high  temperature  of  these parts  during  sealing  results  in  a  relatively  gas
free  tube which  should not  suffer  emission  slump  during  life  due  to  gas  poison-
ing.

Other pulse  triodes  have  frequently  employed  active  cathode base  material
to  obtain maximum initial pulse  capability.    It is  well known that active  mate-
rials  allow  emission to  deteriorate  and interface  resistance  to forni more
rapidly during  life  than do passive  materials.    The  Z-2867  uses  passive  cath-
ode  nickel with  an optimum processing  schedule  to  achieve  the  required pulse
emission  capability.    This  insures  more  sta.ble performance  on  life  due  to  a
slower  cathode  activation  rate.

Test  Cavity

To  determine  the  pulsed power  outputs  available  from the  Z-2867  a  labora-
tory  test  cavity was  developed  (see  Figure  3).    During  the  development  of the
Z-2867  it was  necessary  to  test  a wide  variety  of development  samples  and  the
test  cavity design  required as  many adjustable features  as practical.    The
basic  design  is  the  familiar  re-entrant  configuration.    The  frequency  of opera-
tion  is  determined principally by  the  length of the  grid  cylinder  and the position
of  the  anode by-pass  plunger  or  choke.    The  feedback  is  principally adjusted by
the position of the  cathode  with  respect to  the  short  circuit  at  the  cathode  end
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of the  cavity.    This  distance  is  about  I/4  of  an inch for  optimum feedback  at
about 4200  megacycles.    This  length was  determined by  substituting  an  adjust-
able  cathode  assembly not  shown.    The  cavity  loading  is  optimized by  sliding
the  complete  center  assembly with  respect  to  the  fixed  output probe.    Best
results  were  obtained with  relatively  close  coupling  to  the  grid  cylinder,   ap-
proximately  at  the position  shown  in  Figure  3.

To  obtain maximum power  output at other frequencies,   optimum adjust-
ment of feedback,   grid  cylinder  length,   output probe  coupling  and  anode  choke
position were  necessary.     The  anode  choke  is  basically  a  single  frequency  de-
vice  and  three  di££erent  lengths  were  required  to  obtain the performance from
about  4000  to  6000  megacycles.    For  reference,   the  cavity body  is  about  five
inches  long  and  the  inside  diameter  is  one  inch.    The  scaled  cavity drawing
can be  used  to  estimate  the  size  of the  remaining  cavity  components.    A prac-
tical production  cavity  at  4200  megacycles  need  not be  as  large  as  the
development  cavity  shown.

Construction  Studies

One  objective  of  this  tube  development was  to  obtain maximum utilization
of  the  cathode  current by  designing for  a  high plate-to-grid  current  ratio.   This
could be  achieved by  increasing the  transparency  or percent  open area  of the
grid,   but  consideratiQn must be  given to  other  characteristics  for  maximum
plate  efficiency.     Test  lots  were  made  with  grid wire  diameters  of  . 0004"  and
. 001"  and  grid  turns-per-inch from 400  to  750.     The  grid-to-plate  spacing  was
varied  from  . 0007"  to  . 015",   resulting  in  tubes  with  Mu's  ranging  from  13  to
225.     The  curve  in  Figure  4  verifies  that for  the  selected  test  conditions  the
current division  is  directly proportional to  the  transparency,  and wire  size  has
a  negligible  effect.    For  a  given  transparency,   power  output  increased  as  grid
wire  size  decreased,   and  . 0004"  diameter  wire  was  selected  as  the  smalle``st
practical wire for  the  required mechanical  strength  and dissipation  rating.    A
tra.nsparency  of  84%  was  selected  for  the  point  of best  e££iciency.

Transit time  loading  in plate pulsed triodes  where  high  cathode  current
densities  exist  is  not  as  difficult  to  overcome  as  in  CW  operation.    However,
at microwave  frequencies  transit  time  is  important  even  in pulse  tubes.    The
minimurn  grid-to-cathode  spacing  o£  . 0025"  was  chosen,   since  a  closer  spacing
would have  increased  the possibility  of  arcing  at the  high voltages  employed in
a  typical plate pulsed  oscillator.

The  original development  tubes  had  an  anode  insulator  of  the  same  thick-
ness  as  the  cathode  and heater  insulators,   which  gave  a  maximum oscillation
frequency  of  about  5200  megacycles  with  the  test  cavity  described.    A  reduc-
tion  in  thickness  of  the  anode  insulator  from  .175"  to  .125"  improved perform-
ance  slightly  at  the  lower  frequencies  and  made  it possible for  the  tube  to
produce  approximately  I. 0  kilowatt  at  6000  megacycles.

Figure  5  is  a  plot  of power  output  as  a  function  of  frequency for  the  Z-2867.
The performance  from 4000  to  over  6000  megacycles  was  measured  in the
cavity  shown  in  Figure  3.     The performance below 4000  megacycles  was
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estimated  assuming that  the  efficiencies  at  lower  frequencies  would be  similar
to  that  of other pulse  triodes.   The pulsed  input was  3Kv for  I  microsecond  at
a pulse  rate  of  1000  pulses  per  second,  thereby providing  a  duty factor  of  .001.
The peak  anode  current from the pulse driver was  adjusted  to  2. 5  amperes,
and typical peak  grid  current was  . 3  ampere,   representing a  significant im-
provement in plate-to-grid  current  ratio  over  existing pulse  triodes.    Peak
plate  voltages  and  currents  were  measured using  an oscilloscope.    The peak
grid  current was  measured by using a milliamp  meter  in the  grid  circuit and
applying the duty factor  to  the  average meter  reading to  determine the peak
value.    The  high  efficiency  at higher  frequencies  can be  attributed  directly to
the  unique  design features  of  the  Z-2867  previously  discussed.

Life  Tests

Tubes  were  evaluated  on the  life  test units  shown  in Figure  6.

The pulse  driver  unit  employs  conventional  lumped-constant delay  line
circuitry working into  a  stepup transformer.    Pulse  output wave  shape  is
relatively flat on top  and has  rise  and fall time  characteristics  normally
found in this  type  of pulse  generator.    The  one  microsecond pulse  output  is
coupled to  a.  50  ohm  30  db  attenuating  load from which power  output may be
measured without disturbing the oscillator  circuit.

Life  tests  were  conducted  at  severa.I  levels  of heater power  in order  to
select  the  optimum  cathode  temperature for  longest  life  (Figure  7).    The peak
current delivered to  the  anode by the modulator was  held at the  rated  2. 5  am-
peres  by  adjustment of  grid bias.    A heater power  of  approximately  3. 2  watts
(. 5  ampere  at  6.3  volts)  was  selected  as  that  required for  the  optimum  cathode
temperature for  most  stable  lif e performance  even though initial power  output
was  slightly  lower  than for  the  3. 5  watt  condition.    Visual observation of  the
cathode  coating on  the  tubes  that operated  at  3.5  watts  showed  excessive  sinter-
ing  at  700  hours.   Although  this  life  data  on the  most  recent design modifications
represents  only  about  700  hours  life,   its  stability and data  on  interim design
tubes  indicate  that  good performance  can be  expected to  a  minimum of  1000
hours.    Grid pulse  life  tests  will also be  conducted on  this  tube  to  give  an indi-
cation  of  expected performance  in  grid pulsed  oscillators.

Stability  of power  output with  change  in heater  voltage was  observed  in  the
region  of the  heater power  selected for best  life  stability  (Figure  8).    It will
be  noted  that the  curve  for  a  fixed  grid bias  resistor  has  only a  slightly  greater
slope  than for  constant plate  current.

Plate versus  Cathode  and/or Grid Pulsing

All  of the peak power  outputs  presented  in this  paper  are plate pulsed val-
ues.    For  maximum available power  outputs  plate pulsing  is  essential.    The
plate pulsed  tube  can accept more peak voltage  for  short periods  of time  with-
out destructive  arcing than  a  tube used with  a  steady  state DC plate  voltage
pulsed  ''on`'  at the  cathode  or  grid.   However,  input pulsing,  grid pulsing,  or
cathode pulsing,   requires  considerably  less  modulating power  and where
suitable power  outputs  can be  obtained this  method of pulsing  can be used.
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To  determine  the  input pulsed  capabilities  of  the  Z-2867,   the  tube-cavity
combination was  tested  at  lower plate-pulsed voltages.    Oscillation  started  at
about  800  volts  and  at  1500  volts  about  one  kilowatt  of peak power  was  measured
at  4200  megacycles.    At  1500  volts  and  optimum  cavity  adjustments,   the  peak
cathode  currents  observed were  considerably  less  than  the  maximum  rated
value using  simple  grid  leak bias.    Power  outputs  in  excess  of  one  kilowatt  can
be  obtained by driving  the  Z-2867  towards  zero bias  and  into  the positive  grid
region.    This  would  require  a  "stiff"  driving pulse,   and  other  problems  such
as  "squegging''  and/or  "CW-moding''  might  occur  if  care  is  not  used.     These
problems  are usually  less  prevalent when plate  or putput pulsing  is  used.

Conclusion

The  Z-2867,   a  new  triode  for  plate pulsed  oscillators,   has  demonstrated
its  capability  of  delivering higher  outputs  at higher  I requencies  than other
similar  devices.    Its  improved heater  and plate  efficiency,   plus  its  small  size
resulting from this  advanced design,   make  a  very  small pulsed  oscillator
package possible  for  the  power  capability  of  1  to  3  kilowatts  in  the  frequency
range  from 4000  to  6000  megacycles..    The  high processing  temperatures  em-
ployed  in rna.king  this  tube  and  the  gas  clean-up properties  of  the  titanium
parts  can be  expected  to  contribute  to  a.  long-life,   reliable  tube.
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Ljteralure,   sales   information,   or   I'echnical   assistance   can   be   obtained   from   the
following  Technical  Information  and  Product  Service   (TIPS)   office,  General  Elecrric
Company, Tube Deparlmenl:

OWENSBORO,  KENTUCKY
316  East 9th Street, Murray 3-2401   (Central Offlce)

TUBE   DEPARTMENT

GEN ERAL ©  ELECTRIC

Owensboro,  Kentucky

If  additional  copies  of  the  data  sheets  bound  in  this  book,  or  the  comp]ele  book
are  needed,  use  the  handy  post  cards  found  inside  the  front  Cover.



elepence mla

Genem  Elec(pie

Ooramio Tunes

`J,

u
u,

I
I,
u,


