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ceramic vacuum tubes for the development of logging tools for geothermal wells. 
This investigation is one task being performed for the U. S. Energy Research 
m d  Development Administration (ERDA) as part of Contract E(04-3)-1330 for the 
design, development and test of an instrumentation amplifier capable of oper- 
ating in a dodole well logging environment including ambient temperatures up 
to 500OC. 

e of this contract is to demonstrate the feasibility 
of meeting the ERDA long term temperature capabilities of 5OOOC in downhole 
logs with present day technology. The technical approach is based on the 
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2.0 GENERAL REQUIREMENTS 

Stringent and frequently conflicti requirements exist on 
electronic devices for their use in downhole geothermal well logging. Eve 
though these devices are usually packaged in rugged, pressure proof sondes, 
the devices must be able to function properly in very hostile temperature and 
shock environments. 
ing. 
reasonable cost. 
detail. 

The devices should be small to permit efficient packag- 
They should consume small amounts of power, have a long life and have a 

The following paragraphs describe these requirements in more 

- 
2.1 Temperature 

The goal of the amplifier design is for operation at, or near, 
This represents the long term temperature objective for geothermal 50OoC. 

well logging instruments as stated in Reference 4.  
must be at somewhat higher temperature to tr 
vironment. 

Thus, the tube envelope 
er heat to the external. en- 

I 

High temperature can cause a number of problems in the operation 
of ceramic vacuum tubes. 
filament and cathode temperature, which can result in accelerated depletion 

The high ambient temperature can cause elevated 



it slams against t he  sides of the  well as the log i s  lowered or  raised. 

t i on ,  t he  logs are soEetimes used as battering 

ing occurred when the d r i l l  s t r i n g  was removed 
but i n tu i t i ve ly  it must be a severe-shock environment. 
for  act ive electronic  devices i s  t o  survive a large number of these shocks w i t h -  

out performance degradation. 

In  addi- 

s t o  reopen the  hole if bridg- 

i s  environment i s  unknown, 

The primary requirement 

2.3 Size 

In  general, it i he act ive electronic device as 

s m a l l  as possible so t ha t  the complete instrument can be packaged in a small 
volume. Some slimhole sondes are  only 1.4 inches i n  in te rna l  diameter. 
ever, w i t h  ceramic vacuum tubes, the  reduced size must be compromised w 
loss i n  some performanc ably reduced transconductance 

t r i c a l  power over long cables ( 3  t o  5 miles) from the  surface downhole t o  the 

log. Also, the t o t a l  n 

i n a l  6.3 vol t  filament power. 
current. 

Thus, the  t 
The filament current is normally the  la rges t  current required and 

d require a minimat filamen 

the  round t r i p  re 

I 
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at room temperature. 
about 85 volts. 
bility of the conductor at its mgx$un useage temperature. 
the filaments of multiple stages are often wired in series. 
two limits on the use of series filament connections. First, the series fila- 
ment drop plus the line drop voltage must not exceed the voltage rating of the 

For a one-third ampere filament current, the line drop is 
The filament current must not exceed the current carrying capa- 

For these reasons, 
However, there are 

B+ and B- supplies could be used. However, with the limitation 

single B+ supply. Lack of large coupling capacitors for operation at these 

lifiers it is 

Yet in a typic 
tubes used in dif ubes must be able to ahplify 

different performance requirements exist for 

MECHANICS 
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very small voltages from transducers, i n t e  stage tubes must amplify 
r e l a t ive  high l e v e l  voltages and output stage tubes must be able t o  drive long, 
&.ossy transmission l ines .  

mu's, but with d i f fe ren t  l i nea r  operating points b d t h e  output stage tube should 
have a very low plate resistance.  -High mu and low p la t e  resistance tend t o  be 
confl ic t ing requirements, especially when the  desire istominimizeB+ current 
and physical s ize .  

The input and intermediate stage tubes should have high 

To minimize the  temperature dependence of tube characteria- 
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Most of the commercial1 ilable ceramic vacuum tubes are 
suitable for high temperature downhole well logging for one, or more, of the 
following reasons: 

e too large, 

e excessive power requirements 

6 development required for 5OO0C ambient operation. 

The one exception found was in the General Electric product line. 
They manufacture a number of planar triodes and a few diodes that are suffi- 
ciently small, have low p5wer requirements, and have demonstrated high tempera- 
ture capabilities. Other suppliers have the capabilities to develop tubes for 
high temperature well logging, which is of interest to future developments, bu 
not compatible with the schedule and budget requirements of OUT present contract. 
Table 1 summarizes the characteristics of the GE ceramic vacuum tubes that appear 
most useful for high temperature well logging applications. Figure 1 displays 
the various physical configuration of these tubes. Electrical connections can 
be made to these tubes by soldering, wire wrapping, welding, brazing and mech- 
anical clips. 
for other than testing purposes. 

Sockets are available for some t types, though not recommended 

test conditions was a 4000 hour life test at an ambient environment of 500OC. 





CENEEUL MAXIl4Ubf RATINGS 
I I IMAX 

- 
TYPE 

7077 

- 
7266 

7296 
- 
- 
7391 

- 
7462 

7486 

- 
7588 
- 
7625 

- 
7644 

PLATE 
O W -  HEATER VOLTS 
LINE Am GENERAL DESCRIPTION 

WATPS 
'VOLTS I AMPS * 

I '  

METAL-CERAMIC TRIODE INTENDED FOR LOW-NOISE I H 1 6.3 I 0.24 I 250 

I I I 1l.l 

URF AMPLIFIER SERVICE 

MFPAL-CERAMIC DIODE INTENDED FOR INSTRUMENT- I 6.3 0.215 600 
PROBE SERVICE (1) 

OSCILLATOR OR AMPLIFIER SERVICE 5.5 
METAGCERAMIC TRIODE FOR VKF J 6.3 0.4 330 

MGTAL-CERAMIC TRIODE IlTENDED FOR UHF 
OSCILLATOR SERVICE 

200 
2.25 

KWAL-CERAMIC TRIODE INTENDED FOR LOW-NOISE - K 6.3 0.24 250 
VHF AMPLIFIER SERVICE 1.1 

WL'AL-CET(AE4IC TRIODE INTEXDED FOR UHF 
OSCILLATOR OR AMPLIFIER SERYICE 

METALCERAMIC TRIODE INTENDED FOR LOW-LEVEL 

250 
1.0 

- 
300 
5.5 

275 
0.85 

- 
- 

1 
1 

GRID ' MAX 
CUR- FREQ 
RENT (MHz 1 

3.0 I 6000 
" I  
I 
2.2 3000 1 

4 

: ,  

I 

ED FOR LOW-NO 

verage characteri etewined. P 
recomended. . 
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GENERAL DFSCRIFTION 

c I _. - I i 

7720 I METAL-IC TRIODE INTENDED FOR VHF I K I 6.3 
. . I OSCIUATOR SERVICE 

ODE m E D  FOR UHF 

OR AMPLIFIER SERVICE 

ED FOR LOW-LEVEL 

VI@ AMPLIFIER SERVICE 

0.24 250 
1.0 * 0.3 200 

lpo 

0.4 
- 
330 
3.5 

I_ 

0.215 275 I 0.85 
0.24 I 250 

1” 
024 1. 250 

1.1 

- 
MAX 
GRID 
CUR- 
RENT - 
2.2 
MA 

( 2 )  

3 )  

This is the bogey value a t  
of operation, a lover valu 
These are the highest valu 
indicated for some classes 
sheets For t h i s  information. 
Adjusted for l b  = 75 d l l i m p e r e s .  
Peak voltage rating for pulse service. 

II) 
15) 
( 6 )  Pulse Service. 

cIpr4NICS R 
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CHAFtACTERISTICQ ANI, TYPICAL OPzR%?IOX - 
PLATE GRID GAIN R.F. 

Rps oX!''s UMXOS DECI- OUT- 
PLATE NEG; MILLI- MILLI- Gn, IN ?OW53 FREa. 
VOLTS GRID AM- AM- (Xh) 

VOLTS I'ERES PERES BELS PUT 
._  . - * .  _ - .  

10500 - - - 150 Rk = 7.5 - 90 - 
CTASS C OSCILLATOR 150 R g  = 4.0 0.5 - - - - 1oOmv 45@ - 82 

7000 

AVG. CHAR. 

- - AVG. CHAR. 200 (13) 24 - 225 4500 50000 - 

- 110 7300 15000 - 
10 - - .  - - 11 

- - - 17.5 
AVO. CHAR, 175 (9) 10 
C U S S  A RF AMP. - (10) 0 10 - 
GROUNDED -GRID (10) 0 

SIGNAL DEl'ECTOR TUBE VOLTAGE DROP: 2.6 VOLTS AT 1E = 5.0 ZW. MAX D-C CATKOCE CURRE" 
PEAK CATHODE CURREEl" 5 22 !.L4. 

D.F. = O.OD1 p=. 
I I 

AVG. CHAR. 200 Rk = 

C J S S  C OSCILUTOR 300 R g  =) 

1500 

47 

I 150 IE; AVG. CFAR. 

AVC. CHAR. 

CLASS OSCILLATOR I 150 I R g  = 
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4-0 FUTURE ACTIVITIES 

Before selecting tube types for use in the development of the 
Ultra-High Temperature Amplifier, MRI plan 
perature testing of selected tubes. 
7625 and 7462 have been ordered. 
pernit trade-offs ofcharacteristics such as voltage amplifier performance, 
line driver performance, temperature performance, physical size, plate power 
requirements, filament power requirements and cost. 
nent nominal characteristics of the selected tube types. 

o perform some supplemental tem- 
Small quantities of tube types 7296, 7588, 

These particular tubes have been selected to 

Table 2 summarizes perti- 

Characteristic 

The primary emphasis of the 

nominal cost. The objective 



of t h i s  tube is  t o  provide both a high amplific on factor and high_.trmscon- 

ductance i n  a s ingle  tube. 

tube type t o  perform both-the voltage amplific 
The design goa ls - for  t h i s  tube are: 

If successful, t h i s  approach w i l l  permit a s ingle  
on and l i n e  driving functions. 

0 Size: 1/24 inch diameter (8081 configuration) 
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ELECTRICAL . MECHANICAL .- 
. .  . . . Cathoddoated Unipotential 

Heater Characteristics and Ratin'gs 

DC Cathode Current. . . 
Heater-Cathode Voltage 

.. 
The tuber and orrongements disclosed heroh nor bo caverod by potonls of 

General EIetric Campo or others. NoRher ihe disdosuro of any Information 
heroin nor tho to10 of * x e s  by Gonerot Uectrk hmpony conveyi ony bense 
under potent tloimr avoring combinotionr of (ubor uith other dwiw, or 

blamenh In the obbunco of on oxpress rritton ogioement 10 the Contrary, 
Genorcl Electric Company assumes RO liobility for potent Infringement oris*- 
out of any use of tho t u b 8  uilh other dwkor or oIemonl8 by en). p&,e, of - 

i 
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I . I .  . . . ;.:. . E .  .: .;:.:. 
* *  

. AVERAGE CHARACTERISTICS . 
mate supply Voltage:. .. : ..... .: ... :. +d. 'Yoiii; ..', :: .... ........... 40000. Mimornlux 1 . Resistor in Plate Circuit (bypassed). .18000 Ohms ............ .6.5 Mifliampercs . 

. Ca.&ode-Biaa Resistor.. ........... p . .  .82 Ohms . Grid Voltage, approximate .................. . ... Amplrncataon r acuir. 
. . . .  plate Resistance, . . .  approximke .' 1 . .go00 . ,. Ohms . x  . . 

GROUiDED-GRID AMPLIFIER450 . .  ME.GACYC$ES . .  . . . . .  .-. . 
............. I 

I 
I 

Rate Supply Voltagef/. .250 Vole 
Resistor in Plate Circuit (brpaUcd)q 18000 Ohms 
Cathode-Bias Resistor.. .............. .82 Ohms 
Plate Current. ..................... .6.3 Milfiampepes 
Itandwidth, approximate.. ........... .7.5 Megacycles 

. ." . . -  
* The equipment d 

that heater voltage is centered at the specified bogey value, envelope temperatures much higher than the rated maxi- 
with heater supply variations restricted to maintain heater mum values. For specific recommendations concerning 
voltage within the specified tokrann. .e : . . higher temperature operation, contact your Generat 

t Heater current of a bogey tube at Ef = 6.3 volts. Ektric tub rates rcpentative. 
$ Measurcd using a grounded adapter that provkfu shielding Lower supply voltage and a lower value of resistor may be 

between external terminals of tube. with some sacrifice in uniformity 
Operation below the rated rnaJrimrull envelope teniperature 
is recommended for applications requiring the longest 

- 
I 
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INITIAL CHARACTERISTICS LIMITS 

Min. Bogey 
Heater Current 

Ef -6.3 volts.. .......................................... 222 240 258 Mil&&- 

Plate Current 
Ef - 6.3 volts, Ebb 250 Volts, RL = 180 ohms, Rk 4 2  ohms 
(bypassed) .......... .- .................................. 4.5 . 6.5 8.5 Milliamperes 

Transconductance 
Ef16.3 ~ 0 b ,  Ebb-250 Volts, R~-18000  ohms (bmed) ,  ................................ 10000 13000 Mittomhos . ~k -82 ohms ( b m e d ) .  ~ O Q O  

Transconductance Change with Heater Voltage 
DifFercncc between Transconductance measured at  Ef -6.3 &d 
Ef 16.0 volts {other conditionS the rame) expressed as a per- 
centage ............... .......................... ........... - 20 

Ampfi t ion  Factor 
Ef -6.3 volts, Ebb 1250 volts,' RL- 18000 ohms (bypassed), 
Rk=82 ohms (bypassed). ................................ 65 115 

I .  Interelectrode Capacitances 
1 1.16 Mzrads  Grid to Plate: (g to p). ................................... 0.84 . 

1.70 2.15 Picofarads 
Output: p to (h+k). ................................... .0.004 0.016 Picofarads 

1.40 Picofare& 

Input: g to (h+k). ...................................... 
Heater to Cathode: (h to k) .............................. 

1.25 

0.80 

HeaterCathde Leakage Current 
Ef = 6.3 volh, Ehk - 100 V& ..... 20 Microampera 

20 Mmoarnpercs 

8uch that no cathode emission results. 
Grid to All at 100 ..... Megohms 
Rate to All at 300 ............. ..... Megohms 

orid Emission Current 

82 ohms, RL 5 18000 ohms, 

............. 

.... Decibels 
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. GridRecovery 

T VS. nME - *  ’ 

, ,-: . . .. 

P U U  PULSE CURRENT 

for Ib = 3.0 ma. 

(prr-60 FPS, duty factor 
plate current is noted{ and 
is measured. The followink 
plate currmt-time fdatio 
recovery) subjected to 

The tube is designed to be fr 
excess of 15 mv RMS at any 

’ 100-2000 cps, when vibrated in 
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7266 

MET-AL-CERAMIC DIODE 
10-62 

@ ~~~~~~~~~~~ 

- 

4 DESCRIPTIO ND RATING I 
I 

The 7266 is a cathode-type diode of c-and-metd planar cons 
tion. It is intended for detector, high-frequency instrument probe, and low- 
current rectifier applications. The 7266 is especially suited for me where 
uhfavorable conditions of mechanical shock, mechanical vibration, and nu- 
clear radiation are 

ELECTRICAL MECHANICAL 
Cathode-Coated Unipotential Mounting Position-Any 
Heater Characteristics and Ratings 
Heater Voltage, AC or DC*. . . . .  .6.3 4 . 3  Volts 
Heater Current?. ................. .0.215 Amperes 
Direct Interelectrode Capadtames$ 

Plate to Cathode: (p to k). ........ .l.O pf 
Heater to Cathode: (h to k) ........ .1.3 pf 

ABSOLUTE-MAXIMUM VALUES 
Peak Inverse Plate Voltage. ......... .600 Volts 
StcadyState Peak Plate Current. . . . . . .  11 Milliamperes 
DC Output Current.. ..... ........ .2.2 Milliamperes Cathode. ......................... 

Heater Negative with Respect to 

. Heater-Cathode Voltage Envelope Temperature at Hottest 
Heater Positive with Respect to 

tube of a specified type as defined by its published data 
and should not be exceeded under tho worst probable condi- 
tions. 

tially and throughout life no absolute-maximum value for 
the intended service i s  exceeded with any tube under the 
worst probable operating conditions with respect to tupply- 
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7268 -. 
- 

FOOTNOTES 

Electric tube sales representative. 

232 MilIiamperes 
. Tube Voltage Drop 

Ef ~6.3 volts, Eb adjusted for Ib = 1.0 ma. ................... 0.4 
Tube Voltage Drop at Reduced Heater Voltage 

... Milliamperes 
Rate Current 

. . . . . . . . . . . . . . . .  Ef -6.3 \*oltS, Ebb-0 Volts, RLIQOOOO ohms.. 2 I6 Microamperes 

1.3 Picofarads 
1.7 Picofarads 

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

Heater Positive w i t h  Respect to Cathode. . . . . . . . . . . . . . . . .  
Heater Negative with Respect to Cathode. ............... 

Interelearode Leakage Resistance 
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DEGRADATION RATE 
Fatigue 

Statistical sample vibrated for a total of six hours, three hours in each of two planes, at a peak accderation 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 and Ehk= 4-100 volts. Following the test, tubes are 
evaluated for heater-cathode leakage arid heater current. 

Statistical sample subjected to 5 impact acceler OG in each of four positions. The 
accelerating form are applied by the Navy-type, High Impact (flyweight) Shock Machine using a 30' hammer 
angle. Tubes are operated during the tat with Ef - 6.3 volts and Ehk 
evaluated for heater-cathode leakage and heater current. 

The combined statistical samples subjected to the Intermittent and Standby Life Tests are evaluated for shorted 
and open elements and tube voltage drop following approxim 

Statistical sample operated for 1000 hours under the followiog cled-on IX hours, 
off W hour), Ebb=220 volts REUIS, Ehkm -70 volts dc ,  RL=0.13 meg, CL= 1.0 pf, 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, interelectrode leakage resistance, and mission. 

Statistical sample operated for 1000 hours under the following conditions: Ef = 6.3 volts (cyded-on 1 ?i hours, 
off W 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, h ge, interelectrode leakage resistance, 
and rmission. 

Statistical sample ed 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 1.0 volts, and Ehk = 70 volts 
with heater positive with respect to cathode. Following this test, t e evaluated for open heaters, heater- 
cathode shorts, and heater-cathode leakage current. 

' 

Shock 

100 volts. Following the test, tubes are -. 

Survival Rate Life Test 

Intermittent Life Test 

Standby We Test 

Hatw-Cycling Lite T (.+ 
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- 
DESCRIPTION AND ?RATING 

? 

FOR VHF OSCILLATOR AND AMPLIFIER APPLICATIONS 

The 7296 is a high-mu triode of ceramic.and-metaf p!anar&nstruction 
primarily intended for use as an oscillator, broadband radio-frequency 
amplifier, or VHF power amplifier. The 7296 i s  especially suited for use 
whae unfavorablc conditions of mechanical shock, mechanical vibration, 
and nuclear. radiation are encountercd. 

GENERA 

ELECTRICAL MECHANlCAi 

c a ~ - c o a t c d  WnipOtaltiaI 
HcataValtage, AC or DC IC.. .... .6.3*0.3 Volts 
Heater Current+. .................. .0.4 Amperes 
Direct Interelectrode Capaatanm $ 

Grid to Plate: (g to p). ............ .2.2 pf 
Input. g to (h + k). .............. . S O  pf 

Heater to Cathode: (h to k). ....... .2.8 pf 
! Output: p to (h + k). ............ -0.075 pf 

.#J 

ABSOLUTE&*AXMUM VALUES 

..................... Plate Voltage.. .330 Volts ........................ 50 Volts 
Positive DC Orid Voltage. ............ .O Volts 
Negative DC Grid Voltage.. .......... .SO Volts 

Piate Dissipaiion, .................... 5.5 Watts 
DC Grid Cumnt.. .................. .IO Mdliampcres 
DC Cathode Current.. .30 Milliamperes 

Envelope Temperature at Hottest Point p ............... a t e  Dissipation not ovcr3.3 Watts. .300 C 
Peak Cathodc Current.. ........... .120 Mdliampms PlateDissipation up to 5.5 Watts.. .. .250 C 

Absolure-Maximum ratings are limiting values of operating 
and envlronmcn~ol conditions applicable to any electron 
tube of a specified type OS defined by its published data 
and shwld no? be exceeded under the worst probable condi- 
tom. 

?he tube manufacturer chooses these values to provide 
acceptable serviceability of the tube, making no allowance 
for equipment variations, environmental variations, and the 
effects of chongcs in operating conditions due to variations 
In tho chorocteristits of the tube under consideration and of 

a11 other electron devices in the equipment. 
The equipment manufacturer should design so that hi- 

tially and throughout life no absolute-moximum value for - 
the intended senice 1s exceeded with any tube under the 
wont probable operating anditions with respect to rupply- 
vo]tagc variation, equipment component variation, equip- 
merit control adjmtment, load wriat ia,  signal variation, 
environmental mditions, and variations in the &aroeleris- 
tics of the tube under msideratlan end of all other electron 
devices in the equipment. 



CHARACTERISTICS AND P-LJ 2 
f l  TYPICAI. OPERATION i 

AVERAGE CHARACTERISTICS 
Plate Voltage. ..................... .ZOO Volts Transconductance. ............... .16500 Micromhos 
Cathode-Bias Resistor.. .............. .68 Ohms Plate Current. ...................... .I7 Milliamperes 
Amplification Factor. ................ .90 
Prate Resistance, approximate. ...... .5450 Ohms Ib - 10 Microamperes.. ........... -5.5 Volts 

Grid Voltage, approximate 

The equipment designer should design the equipment SO 
that the heater voltage is centered a t  the specified bogey . 
value, with heater supply variations restricted to maintain 
heater voltage within the spccificd tolerance. 

t Heater current of a bogey tube at Ef -6.3 volts. 
$ Without external shield. 
8 One method Otmounting 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 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. 

#Operation below the rated maximum envdope temperatures 
is recommended for applications requiring the longest 
possible tube life. The 7296 is also capabk of o p e r a h  
at envelope temperatures much higher than the rated 
maximum values. For sp&c mmmendatioN concern- 
ing higher temperature operation, contact your G a d  
Electric tube sales representative. 

( 

INITIAL CHARACTERISTICS LIMITS 
Min. Bogey Max. 

430 Mitliamperes 

24 Maarap . 

Anptification Factor 

Zero-Bias Transconductance 
ET = 6.3 volts, Eb = 100 volts, Rk = 68 ohms (bypassed) ......... .65 

Ef56.3 volts, Eb-lOOvoltr, E c = O  volts.. ....... .:. ...... .13000 

Icterdectrode Capacitances 

cgative Grid Current 

Heater-Cathode Leakage Current . Ef -6.3 volts, Ehk - 100 ~01% 

Ef E 7.0 volts, Eb 200 volts, Ecc = - IS volts, Rg = 0.18 meg 2.0 Microamperes 
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Min. Bogey Max. - 
400 Megacycle k l a t o r  Poyer Output. ....................... .1.6 2.0 ..... Watts 

Tubes are tested for power output as an oscillator under the 
following conditions: F -400 mc, Ef 16.3 volts, Eb 1300 
volts, Rg = 1400 ohms, Ib - 20 ma maximum, IC = 6.0-9.0 ma. 

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. 

PulseEmission .............................................. .320 ..... ..... Milliamperrr 

I Grid Recovery.. .. .Change in Average Plate Current. ...... ..... 1.0 Miniampetct 
Peak Elate Current Backswing. ......... ..... 2.0 w i p e r e s  

Tubes with poor grid rccovery affect circuit operation, whe 
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: 
Ef16.3 volts, Ebb-250 volts, R~'0.01 meg. Ec is  ad- 
justed for fb  - 10 ma. 

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 

Upon application to  the grid of a 
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DEGRADATION 
- 

Fatigue 
Statistical sample vibrated for a total of hours, three hours in each of two planes, at a peak acceleration 
of 10 0. Frequency is continuously varied from30 cps to 2000 cps and back to 30 cps, with a period of ten 
minut-. 'hbes 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. 

Statistical m p l e  subjected to  5 impact accelerations of approximately 600 G in each of four positions. 
The ~ d m t h g  forces arc applied by the Navy-type, High Impact (flyweight) Shock Machine using a 42" 
hamma 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=+lOO volts, Rg-0.1 Meg, and Rk-68 ohms. Following the test, 
tubes E U ~  mduated for low frequency vibrational output, heater-cathode leakage, heater current, and 
transccmdpaance. 

Stability Life 7est . 
The statistical sample subjected to the Dynamic Lite Test is evaluated for percent change in zero-bias 
transconductance ading to readings following 2 hours and 20 hours 
of the  life test, 

Survival Rata Lifo Test 
The tombined statistical samples subjected to  the Dynamic and 
and open dements fdlowing approximately 100 hours of life test. 

Statistical sample opetated, with a 60 cps grid signal, a t  maximum rated DC grid current and cathode cur- 
rent for * period of 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, zero-bias transcon- 
ductaacc, osduator power output, and heater-cathode leakage. 

Statistical sample operated with 400 

Shock 

1 

dual tubes, from the initial 

ests are evaluated for shorted 

Dynamic Life Test 

I 

I - ,  Pulse Life Ted 
cathode current, 1 C,i duty cyde, 

lntcrfoce Life Test 

Heate4ycfing Life test 

beatcr-cathode shorts, and hcatcr-cathode leakage current. 
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FOR GROUNDED-GRID CLASS C 
OSClLLATOR APPLICATIONS 

Page 1 10-66 

-- I 

The -7391 i s  a high-mu, metal-and-ceramic triode intended for operation as a grounded- 
grid, Class C oscil lator a t  frequencies as high as 6000 megacycles. 

Features of the tube include small size, planar electrode construction with close 
spacing, inherent rigidity, and an envelope structure convenient for coaxial c i r c u i t  
applications. \ 

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

Cathode 9 Coated Unipotential 
Heater Characteristics and Ratings 

1 
. I  

Grid  t o  Plate: (8 t o  p) . . . .  1.58 pf 

g t o  (h + k) . . . . . . .  3.25 pf 
Grid t o  Cathode and Heater: 

Plate t o  Cathade and Hearer: 

Negative DC Grid Voltage . . . . . . . . . . . . . . . . . . . . . .  15 . Volts 

nvelope Temperature a t l i o t t e s t  Point. . . . . . . . . . . . . . . . .  150 C 
8 -  

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 data 

nd should not be exceeded under the worst probable 

lues to provide 
of the tube, making no allowance 
environmental variations, and the 
rating conditions due to variations 
e tube under consideration and of 

all other electron devices in L e  equipment. 
The equipment manufacturer should design 10 that ini- 

tiany and throughout life no absolvt.e-maximvm value for 
the Mended service is exceeded with any tube under the 
worst probable operating conditions with respect to wppIy- 
voltage variation, equipment component variation, equip- 
ment control adjustment, toad variation, signal variation, 
envir+onmental conditions, and variations in the haracferis- 
tics of the tube under consid of all other electron 
devices in the equipment. 



CHARACTER1 N 

Pla te  Voltage. . . . . . . . . . . . . . . . . . . . .  . . . 175 Volts 

. . . .  10 KELlliaaperes 

5400 Megacycles 
P la tevol tage .  . . . . . . . . . . . . . . . . .  150 150 V o l t s  
P la te  Current. . . . . . . . . . . . . . . . . .  12 12 Milliampe 
Grid Current . . . . . . . . . . . . . . . . . .  3.0 3.0 .Mflli8apar@S 
Power Output . . . . . . . . . . . . . . . . . .  500 65 Milliwatte 

voltsgs within the specif ied 

8 Without external  shield.  
onductivity from these 
1 force on the p l a t e  

terminal at  a minimum. 

Et! 6.3 volts . . . . . . . . . . .  400 Milliamperes 

Transconductance ~ 

Amplification Factor 

Interelectrode Leakage Resistance 
I 

I 

P l a t c  t o  Cathode P 

5460 Megacycle O S C i l l 8 t  
Ef 0 6.3 V o l t s ,  Eb , I b  - 15k0.5 ma 

500-Hour Life  
S t a t i s t i c a l  sample operated for 500 hours t o  evaluate changes i n  power output and transconductance with ( 
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MeTAL-CERAMIG 

ND RATING _ _  _ - _  

The 7462 is a high-m d-metal planar construction 
W primarily intended for radio-frequency amplifier service from law fiequenaes 

into the ultra-high-frequency range. It is simiIar to the 7077 in character- 
istics but differs in having terminal lugs for use in print-board cirmits. 1 - - 

I 
1 

GENERAL 

ELECTRCCAL 
CathodcCoated Unipotential 
Heater Characteristics and Ratings 
Heater Voltage, AC or DC*. .............. .6.3 a0.3 Volts 
Heater Currentt ..................... 
Ditect Interelectrode Capacitancest 

Grid to Plate: (g to p). ............. 
Input: g to (h+k). ................. 
Output: p to  (h+k). ...................... .0.032 pf 
Heater to Cathode (h to k). ................. .1.5 pf 

MaECMANICAL 
Mounting Position-Any 

and electrical connections. 
&e Outline Drawing on page 2 for dimensions 

ABSOLUTE-MAXIMUM VALUES 
Plate Voltage. .................... .250 Volts 

Negative Peak and DC Grid Voltage. .. 50 volts 

Cathode. ...................... .SO V o h  

Cathode ........................ 50 Volts 
Positive Peak and DC Grid Voltage. ..... 0 Volts Heater Negative with Respect to  

Grid-Circuit Resistance, with Fimd ................... Plate Dissipation. 1.1 Watts Bias$. .......................... .O.Ol Megohms 
DC Cathode Current.. ............. .ll Milliamperes Bulb Temperature at Hottest Pointf 250 C 

Absolute-Maximum ratings ore limiting values of operating 
and tnviranmental conditions applicable ta any electrun 
tube of a specified type a s  defined by i t s  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 tquipment 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 deslgn so that ini- 

tiatly and throughout life no absolute-maximum value for 
the Wended service ir exceeded with any tube under the 
worst probable operating conditions with respect to supply- 
voltage variation, equipment component variation, equip- 
ment control adjustment, toad variation, signal variation, 
environmental conditions, and variations in the characteris- 
t ics of the tube under consideration and of all other electron 
devices in the equipment. 

AVER AGE CHAR ACTERlSTlCS 
Plate Voltage.. ....... 
Grid Voltage. ......... 
Cathode-Bias Resistor. . ......... 910 Ohms 
Amplification Factor. ............... .94 



f l  Milliamperes 
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- 
INITIAL CHARACTERISTICS S (Continued) 

Min. Bogey Max. 
Transconductance Change with Heater Voltage . 

Difference between transconductance at Ef - 6.3 volts and trans- 
conductance at Efp6.0 volts (other conditions the same) ex- 
pressed as a percentage of transconductance at Ef-6.3 volts. .... ..... 15 Percent 

Grid Voltage Cutoff 

Interelectrode Capacitances 

Efm6.3 volts, Eb=150~0 l t~ ,  I b = l O O  pa . .  ......................... -2.4 -4.5 Volts 

Grid to Plate: (g to p). .......................................... 1.25 1-45 pf 
Input: g to (h+k). .............................................. 1.25 1.8 2.25 pf 
Output:pto(h+k) .............................................. 0.013 0.032 0.045 pf 
Heater to Cathode: (h to k). ...................................... 1.1 1.5 1.9 pf 

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  AI1 of 100  volt^ d e .  ..................................... 
Plate to All a t  300 volts d e .  .................................... 100 

100 
Grid Emission Current 

Ef-7.0 volts, Eb-100 volts, Ecc- -10 volts, Rg-0.1 meg. .............. 

..... ..... 

..... 

..... 

..... 

20 Microamperes 
20 Microamper# 

.... ; MqOhmS 

..... Megohms 

2.0 Microamperes 

SPECIAL PERFORMANCE TESTS 
Low Frequency Vibrational Output 

Statistical sample is subjected to vibration in each of two planes 
at 40 cps, with peak acceleration 15 0. Tube is operated witli 
Ef-6.3 volts, Ebb-150 volts, Rk-82 ohms (bypassed), RL- 
10000 ohms .......................................................... 
Statistical sample is subjected to vibration according to the pro- 
cedure given below. Tube is operated w3th Ef - 6.3 volts, Ebb - 
I50 volts, Rk 82 ohms (bypassed) RL" 10000 ohms. ........... 15 MilEdtsRMS 

The variable-frequency vibration test shall be perfafirfed Ss follows: 
The frequency shall be haeased from 100 to 2000 cps with 
The return sweep (2000 to 100 cps) is not required. 
The tube shall be mirated with simple harmonic motion 
axis; second, perpendicular to 

..... 10 Millivolts RMS 
Variable Frequency Vibrational Output 

1. 

2. 

3. The peak acceleration shall 
4. The value of the alternating voltage produced across the load resistor (RJ, 

measured with a suitable device having a response to the RMS value of the 
sponse at 400 cps for 
of 24 db per octave below 
5000 cps. The meter shall 
ated in accordance with ASA Standard NO. C16.5-1954 

8 mm Hg, to simulate an alt 
give visual evidence of flashover or corona when 300 volts RMS, 
60 cps, is applied between the plate and grid terminals. br' 



.- 

- 
DEGRADATION RATE TESTS 

Fatigue 
Peak acceleration of 10 G. 

Frequency is continuously varied from 30 cps t o  2000 cps and back to  30 cps, 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, t u b a  are evaluated for low 
frequency vibrational output, heatercathode leakage, ter and transconductance* 

Statistical sample vibrated for a total of six hours, three hours in each of two 

Statistical sample subjected to  5 impact accelerations of approximately 450 0 in each of four 
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 = +lo0 volts, Rg 5 0.1 mneg, and Rk .D 82 ohms. Following the test, 
tubes arc evaluated for low frequency vibrational output, heatertathode leakage, heater current, and tr 

Stabilihr Life Test 
The statistical sample subjected to  the Intermittent Life Test is e<aluated for percent change in transconductance of 

tubes, from the initial reading to  readings following 2 hours and 20 hours of the l i e  test. 

statistical sample subjected to the Intermittent Life Test is evaluated for short 
ance, following approximately 100 hours of life t&t. 

Intermitient LHe tetf 

Ehic a -70 volts, Rk -910 ohms, Rg-0.1 meg. Heater voltage is cycled (on 1 
following 500 and 1000 hours of life test, for shorted or open elements, heater 
leakage, and interelectrode leakage resistance. 

S t a t i d 4  sample operated 1000 hours under the following conditions: Ef = 6. 
hours, off % hour). Tubes are evaluated, 

sconductance, heater-cathode 

ftrfoee Life Test 
Statistical sample operated for 500 hours with Ef -6.6 volts, no other voltag ed for cathode 

interfacr resistance following the life test. 

H?der-Cycting life test 
Statistical sample oper 

tst include El 5 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 t o  cathode. 
heater-cathode leakage. 

for 2000 cycles mi to  evaluate and co 

1 

Li 
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The 7486 t a hi 
intended for use as 

I 
I 

Cathodc-Coatted Unipotential Mounting Position-Any 
Heater C h a r a c t d a  and Ratings 
Heater Voltage, AC or De*. .... .6.3 t0.3 
?Rata Current. ................... .0.24 

See Outline Dfawing on page 3 far dirncnsiw a d  elec- 
trical connections , 

Direct Intcrdectrode Capacitancest 
Grid ta Plate: (g to p). .......... 
Input: g to (h+k). ..... 
Output: p to (h+k). ............. .0.01 pf 
Heater to Cathode: (h to k) ........ .1.1 pf 

Rate Voltage. ..................... .2SO  volt^ =-Cathode Voltage 

Negative DC Grid Voltage. .......... .SO 
Plate Dissipation. .................. .l.O Watts 

Peak Cathode Current. .............. .40 Milliamperes Point!. ............... .-. ... 

Positive DC Grid Voltage. . e with Respcct to .................... Volts 50 Vdts 

......................... 50 Volts 
Resistance. . - . .I . - - DC Grid Current. .2.2 Milliamperu 

DC Cathode Current. . I1  Milliamperes atwe at Hottest 

e with Respect to 

.................. 
............... 



- 

- 

AVERAGE CHARACTERISTICS 

Plate Voltage. 150 Voltr 

Cathode-Bi Raistor.. ........................................ 82 Ohms ...................................................... 90 Amplification Factor. 

............................................... 
Grid Voltage.. ....................................................... ..... Volts 

Transconductance. ................................................... 11500 500 Miaomhos 
Plate Current. 7.5 Millirvnperes ........................................................ 

i 
UHF Oscillator S a v i a  
Plate Voltage.. ...................................................... 
Grid Redator.. ....................................................... 1000 
platecurrent ........................................................ 8.0 ............................ Grid Current.... ........................ : 2.0 
Frequency. .................................................. :. ...... 450. 
Power Output, approximate.. .......................................... 450 

Class C KF Amplifier 
Plate Voltage. ........................................................ 
Grid Resistor. ........................................................ 
Plate Current. ......................................................... 
F r ~ u  ........................................................................ 450 Mcgacycta 
Grid cumnt.. ......................................................... 
Power output, approximate. ...................................................... 300 Miwatts  

FOOTNOTES 
* The equipment designer should design the equipment 80 - 

that heater voltage k cattend at the rpecifitd bogey value, 
5 operationbelow d u m  mvelope tapetatwe 

is recommended for applications requiring the longest 
possible tube We. The 7486 k dso capable of operation at 
envdope temperatures much higher than the rated 4- 

Zero-Bias Transconductance 

Transconductance Change with Heater 

Et 6.3 volrs, Eb - 100 volts, 

Amplification Factor 

Intetektrode Capacitance 

1.40 Picofarads 



. .  

lPllTlAb CHAabaCTERlSTtCS LIMITS (Continued) 
Heater-Cathode Leakage Current Min. . Bogey Max. 

Ef - 6.3 volts, Ehk - 100 VOIW 
Heater Positive with Respect to Cathode. ................ ..... 20 M i ~ p c r c s  
Heater Negative with cathodc ................. ..... 20 Miaoamperes . 

. Intcrdectrodc Leakage R c s i i c z  
. Ef = 6.3 V O ~ .  Poldty of interelectrode voltage 

is such that no cathode aa’usion results. 
Grid to All at 100 volts d e .  ...................... ..... ..... Megohms 
Rate to W at 300 volts dc. .................... -. ..... ..... Megohms 

Grid Emissiin.C&cnt 
0 volts, Ecc- -20 volts, Rg=O.l meg ..... ..... 2.0 Miaoampaes 

I .  SPECIAL PERFORM 
Bogey Max. 

1200 Megacycle Oscillator Power Output. ................... ..... ..... Miiliuatts 
Tubes are tested for power output as an oscillator under the 
following ~ ~ ~ ~ d i d ~ n s :  F-1200 m ~ * 5 0  m ~ ,  EX-6.3 V O ~ ,  

Eb-150 volts, Rg-1000 ohms, Ib-8.0 ma maximum, 
1~=1.6-2.0- 

Pulse E a t o n . .  .......................................... 90 ..... Miniperet  
Tubes are tested for pulse emissim under the following 
conditions: Ef = 6.3 volts, Eb - 150 V O ~ ,  Ec - - IO-volts, 

factor - 0.01. Pulse 
. 

Grid Recovery 
Change in Average Plate Current.. ............. 0.6 Miniampetes 
Peak Plate Current Backswing. .............................. 1.0 Miiampercs 

Tubes with poor grid recovery f l ee t  & d t  operation, 
when the grid is driven positive by a pulse of signal or noise, 
cramcvphat as if a parallel RC &cult were in series with fhe 
grid, Thii effect may occur in tubes d any type, but is 
unimportant in many applications. In the majority of 7486 
tubes the effect is negligible, but to diminate the few ha which 

& p!&e current bacftswing 
Shows $uditative!y the 

plate current-time relationship for a tube (with paor grid 
t 

f 

horizontal tolerances. 

vcrticat tolerances. 
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I Low Frequency Vibrational OptpuJ-. . . . . . . . . . . . . . . . . . 
(bypassed), R,, = 10000 ohms. 

10 Millivolts RMS 
Statistical tadFple is subjected to vibration in each of two 
planes at 40 cps, with peak acceleration 150. Tube is 

bb - 1 SO volts, Rk = 82 ohms 

I 
I 
I 

Fatigue 1 
1 

Variable Frequency Vibrational Output 
The tube is designed to be free of vibr 
excess of IS mv RMS at any frequency within the range 

Low Pressure Voltage Brczikdown Test- 
Statistical sample tested for voltage br s, is applied between the plate 

' Statistical sample vibrated for 
100. Frequency is contimoudy varied from 30 cps to 2000 cps and back to 30 CQS. with a period of ten minutes. 
Tubes are operated during the test With Ef-63 volts, Eb- 150 volts, and &=82 ohms. FoUowing the test, 
tubes are evaluated for low frequency vibrational output, heater=cathode leakage, and heater current. 

Statistical sample subjected to 5 imp 
accelerating forces are applied by the Navy-type, High Impact (flyweight) Shuck Machine using a 30' hamma 
angle. Tubes are operated during the test with Ef-6.3 volts, Eb=lSO volts. Ehk- f l O O  volts, and Rk-82 

Shock 

. 

Survival Rate Life Test 

Dynamk Life Test 

SO0 and 1000 hour 
transconductance, 

Pulse Life Test 

- Interface Life Test 

Heater-Cycling Life Test 

for open heaters. heater- 
cathode shorts, and heater-cathode leakage current. 

Note: The conditions for some of the indi 
test and evaluation purposes. In no 
conditiom. 

failures for - 
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ON AND RATIWG- 

u triode of ceramic-and-metal planar construction. 
tube is intended for use as a broadband radio-frequency amplifier at 

' 

uencies up to 500 megacycles. 

GENERAL 

ELECTRICAL 
CathodtCoated Unipotential 
Heater Characteristics and Rati 
Heater Voltage, AC or DC*. ..... ..... .6.3 r0.3 Volts 
Heater Current$. ......................... .0.4 Amperes 
Direct Interelectrode Capacitancesf 

Grid to Plate: (g to  p). .................. .2.8 pf 
Input: g to (h+k). ...................... .6.5 pf 
Output: p to  (h3.k). .................. .0.075 pf 
Heater to  Cathode: (h to  k) .............. .2.6 pf 

MECHANICAL 
Mounting Position3Z#iTyi 
See Physical Dimensions on page 4 for dimensions and elec- 
trical connections. 

MAXIMUM RATINGS 
ABSOLUTE-MAXIMUM VALUES Heater-Cathode Voltage . 
Plate Voltage. ......................... 
Positive DC Grid-to-Cathode Valtage. 
Negative DC Grid Voltage.. 

Heater Positive with Respect to Cathode. 50 Volts 
Heater Negative with Respect to Cathode. 50 Volts 

With Fixed Bias. .................. -0.025 Megohms 

- ...... Grid Circuit Resistance 0 Volts 
.SO Volts ............. 

Plate Dissipation. ...................... .5.5 Watts With Cathode Bias. ................... 0.1 Megohms 
. .250 C 

CHARACTERISTI 

Positive Grid Voltage.. ....... 

Superseder 758% D d, R Sheet ET-T1620, dated 6-60 
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i FOOTNOTES 
* The equipment designer should design the equipment so that heater vol I tered 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 a t  Ef -6.3 
$ Without external shield. 
0 One method of mounting the 7588 is to us 

1 

tee1 “T” bolt (see drawing) to attach the mounting 
base of the tube to a chassis or circuit boatd. The “T” bolt should be inserted in the slot in the base of the 
tube, turned 90 degrees, and attachkd to the chassis or circuit board with a 4 ut and’lodc washer. Torque 
used to tighten the nut should not exceed 3 inch-pounds. 

diode temperature. - (  
B Measured at  200 megacycles in a grounded-grid amplifier and corrected nd-stage noise figure and . 

The tubes and arra~ementa diaccloaed herein may be covered by pa nk of 
Generol Electric Company or athen. N e i l e r  the diacloaure of any information 
herein nor the sale of tubea by General flectrk Company conveya any iicenae 
u d e r  patent cloima covering combinationa of tuber with other devices or 

elements. In the absence of an express written agreement to the contrary, 
General Electric Company aasumoa no liability for patent infringement arising 
out of any uae of the tubea with other devkea or rlemenk by ony purchoaer of 
tube, or others. 

INITIAL CHA~GPEWISTICS LIMITS 
Min. Bogey Max. 

Heater Current 
Ef = 6.3 volts.. ......................... .............................. 370 400 430 Milliamperes 

. PlateCurrent 
Ef-6.3 volts, Ebp200 volts, Rk-22 ohms.. ............................. 17 25 33 Milliamperes 

Ef P 6.3 volts, Eb = 200 volts, Ec = +6 volts, Rk = 270 ohms (bypassed.). ..... .35000 

140 

Transconductance 

Amplification Factor 

Transconductance Change with Heater Voltage 

45000 55000 Micromhos 

Ef P 6.3 volts, Eb ~ 2 0 0  volts, Ec = +6 volts, Rk = 270 Ohms (bypassed). ..... 175 210 c 
Difference between transconductance at  Ef = 6.3 volts and trans- 
conductance a t  Ef-5.7 volts (other conditions the same) ex- 
pressed as a percentage of transconductance at  Ef = 6.3 volts. .................. 

Ef - 6.3 volts, Eb = 200 volts, Ib = 100 w. .................................... 

EX56.3 volts, Ebbm265 volts, Ec-0 volts, RL-3300 ohms, 

20 Percent 
Grid Voltage Cutoff 

Noise Figure 
-5.0 -8.0 Volts 

(bypassed), Rk - 22 ohms, F = 200 * 10 MC. ..... 

orid to  Plate: (g to p). ..................................... 
Input: g to [h+k). .................................................... 
Output: p to (h+k). ................................................... 
Heater to Cathode: (h to 8) .  ............... 

Interelectrode Capacitances I 

5.1 
0.05 

.................. 
Negative Grid Current 

Efm6.3 volts, Eb=2 , Ecc--~.O V O ~  
(bypassed), Rg = 0.1 meg. ....................... Microamperes I 

eater-Cathode Leakage Curren 

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

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

Grid to  All a t  100 volts d-c.. ............. 
Plate to All at 300 volts d e . ,  ...................... 

U r i d  Emission Current 
Ef = 7.0 volts. Eb = 200 volts. Ecc = - 15 volts, Ra = 0.1 meg. ............................ 2.0 Microamperes 



Min. Bogey Max. . 
Grid Recovery 

Change in Average Plate Curre 
Peak Plate Current Backswing 

. . . _.  . . . . . . . . . . . . . . . . . . . , . .. . .-- 1.0 Milliamperes 

PLATE CURRENT VS TIME 
~ 4 R I D  RECOVERY TEST 

PEAK PULSE CURRENT 

I 4VERAGE CURRENT WITH PULSES APPUED 

test: 

Mm. Bogey Max. , 
Low Frequency Vibrational Output 

Variable Frequency Vibrational Output 

The variable-frequency vibration test shall be performed as follows : 
1. The frequency shall be increased from 100 o 2000 cps with appro 

minutes. The return sweep (2000 to 100 cp\) is not required. 
2. The tube shall be vibrated with simple harmonic motion in each o anes: first, paraEd 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 t ortion of the acceleration 

shall be measured with a suitable 

Low Pressure Voltage Breakdown Test 

Frequency is continuously varied from 3 
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 
ck 
Statistical sample subjected to  5 impact accelerat Positions. The accelerat- - 

ing forces are applied by the Navy-type, Xigh 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 = 
+lo0 volts, Rg-0.1 meg, and Rk -68 ohms. Following the test, tubes are evaluated frequency vibrational out- 
put, heater-cathode leakage, heater current, and tran 

Stability Life Test 
The statistical sample subjected to  the Intermitt 

individual tubes, from the initial reading to  readings following 2 hours and 20 hours of the life test. 

Survival Rate Life Test 

conductance, following 

Intermittent Life Test ' 
hours under the following conditions: EfP6.3 volts, Eb -200 volts. Em== +6 volts, 

Ehk = - 70 volts, Rk 5 270 ohms, Rg = 0.1 meg. Heater voltage is cycled (on 1 hour). Tubes are evaluated, 
following 500 and 1000 hours of life test, for shorted or open dements, heater current, transconductance, negative grid 
current, noise figure, heatercathode leakage, and interelectrode leakage resistance. 

Interface Life Test 

interface resistance following the life test. 

Heater-Cycling Life Test 
Statistical sample operated for 2000 cydes minimum to evaluate and control heatercathode defects. Conditions of 

test include ET = 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 eatercathode shorts, and 
heater-cathode leakage current. 

ge in transconductance' of 

The statistical sample subjected to  the Intermittent Life Test is evaluated for shorted and open dements, and trans- 
100 hours of life test. 

Statistical sample operated 1 
hours, off 

Statistical sample operated for 1000 hours with Ef = 6.6 volts, no other voltages 

MOUNTING BOLT PPDYSIGAL DIM 
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TlOM AND RATING---- - 
9 

Absolute-Maximum ratings are limiting values of operating 
and environmehtal 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. 

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- 

tially and throughout life no absolute-maximum value for 
the intended service i s  exceeded with any tube under the 
worst probable operating conditions with respect to supply- 

ment control adjustment, 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. 

The tube manufacturer chooses these values fo provide voltage variation, equipment component variation, equip- 

ELECTRICAL MECHANICAL 
I 

P 

Cathodt-Coated Unipotential 
Heater Characteristics and Ratings 
Heater Voltage, AC or DC*. .... .6.3 t0.3 
Heater Current t .................. .0.2 15 
Direct Interelectrode Cepacitancesz 

Grid to Plate: (g to p). ............ .1.3 
Input: g to (h+k). ............... .l.S 
0utput:'p to (h+k). ............. .0.03 
Heater to Cathode: (h to k). ....... .l.S 

Volts 
Amperes 

Mounting Position-Any 

See Outline Diawing on page 3 for dimensions and etec- 
trical connections 

I 
MAXIMUM RATINGS 

ABSOLUTE-MAXIMUM VALUES Heater-Cathode Voltage 

DC Plate Voltaee. ................. .275 Volts Cathode. ...................... .SO Volts 
Heater Positive with Respect to 

i 

AVERAGE CHARACTERJSTJCS Transconductance. ................ .I400 Micromhos 
Plate Voltage. .......... 
Amplification Factor. .... 
Plate Resistance, approximat 

* The equipment design 

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

t Heater current of a 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 $ Without external shield. 

0 If resistance is us higher temperature operation, contact your General 
Electric tube sales representative. grid-circuit resista 

, 
I 

w G E N E R A L  ELEGTR I C 
Supersedes n-TI592 dated 1-60 
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SPECIAL PERFORMANCE TESTS 
I 

Maximum 
4 

-Frequency Vibration. ........ IS Millivolts 
3 volts, Ebb= 150 volts, Ec-0 

volts dk, Rk - 1000 ohms (bypassed), 

- 
peak to pea 

= 10000 ohms; Note 1 
ncy Vibration. ......... .0.75 
o h ,  Ebb = 150 volts, EC = 0 
Rk - 1000 ohms (bypassed), 
0 ohms, G-15, F=40 cps; 

Millivolts RMS 

-- ( 
e breakdown at a 

-frequency Libration test shall be performed as follows: 
ency shall be increased from 100 to 2000 cps with approximateIy 

3 * 1 minutes. T h e  return sweep (2000 to 100 cps) is not required. 
b. The tube shall be vibrated with simple harmonic motion in each of two 

cyliindrical axis; second, perpendicular to the cylindrical axis and pardId 
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 

filter that has the following characteristics: 
(1) A response within * 1 db of the response at 1000 cps over the freq 
(2) The response shall be down at least 1.5 db at  20000 cps and have a 

of I00 to 17000 cps. 
of a t  least 18 db per 

the cylindrical axis 
octave above 20000 cps. 

Note 2: The tube shall be vibrated with harmonic motion in each of two 
and (2) perpendicular to  the cydindrical axis and perpendicular to 
lug. 

DEGRADATION RATE TESTS 

Intermittent Life Test 
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DEGRADATION RAT 
Interface Life Test 

70 volts with heater positive with respect to cathode. Following this test, 
tubes are evaluated for heaters, heater-cathode shorts, and heater- 
cathode leakage current. 

In no sense should these conditions be interpreted as suitable circuit 

Maximum eccentricity of insulators 0.010 in. from 
. 

0 00 4 0  500 

K-546 I 1-1096- I 19Y 6, 1960 
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i E TESTS (Confinued) 

Statistical sample tested for voltage breakdown a t  a pressure of 8mm 
Hg, to simulated an altitude of 104000 feet. Tubes shall not give visual 
evidence of Bashover or corona when 300 volts RMS, 60 cps. is applied 
between the plate and grid terminals, 

1 

I Low Pressure Voltage Breakdown Test - 

I 
I 

Fatigue 

Statistical sample vibrated fo: a total of six hours, three hours in each of two planes. at a peak acceleration 
of 100. Frequency is continuously varied from 30 cps t o  2000 cps and back to 30 cps, with a period of ten 
minutes. Tubes ate operated during the test with Ef = 6.3 volts, Eb = 150 vob ,  and Rk = 82 ohm. Follow- 
ing the test, tubes are euaiuated for low frequency .vibrational output, heater-cath@e leakage, heater cur- 

nd transconductance. 

Sh 
Statistical sample subjected to xu of approxhately 45OG in each of four w i t h .  
The accelerating forces are applied by the Navy-type, High Impact (Ayweight) Shock Machine using a 30' 
hammer angle. Tubts are mounted by T-bolt with 3 inch-pounds torque, and operated during the test 
with Ef I 6.3 volts, Eb= 150 volts, Ehk = +IO0 volts, RgsO.1 Meg, and Rk -82 ohms. Following the 
test, tub- are evaluated low frequency vibrational output, hcater-cathode leakage, heate current, 

. -  

The statistical sample subjected e Intermittent Life T 
conductance of individual tubes, from the initial reading to  
the life test. 

for percent change-in trans 
ng 2 hours and 20 hours of 

< 

Survival Rate Life Test 

The statistical sample subjected to the Intermittait Life Test is evaluated for shorted and ordn elements 
and transconductance following approximately 100 haurs of lifc test. 

Intermittent Life Test 

. -* 

Kote: The conditions for sonu o 

The bbes end orrongemenh disc!osed hereh may be covered by patents of 
Generot LIectric Conpony or others. Nedtcrr (he dtrclorure of any infornotion 
herein nor the sole of tuber by  Gcneml flcctfic Cornpony convcps ony license 
under patent claims carering eonb:notiom of tubes with other devices or 

elomcntr In the obrmce of on e*Press writto* aq:eem*nt I 6  (hr conrrory 
Grnerol Electric Compmy orrumer no bubil.ly for patent in'ringement orisid 
out of ony YSC of the tubes wth olhrr derws Or olrvcntt by ony purchaur d 
tubes or otherr 
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i CHARACTERISTICS AND TYPICAL OPERATION 
AVERAGE CHARACTERISTICS - 
i. 

Plate Resistance, approximate.. . . . .  .9000 Ohms t 

Transconductance. . . . . . . . . . . . . . .  .lo500 Micromhos 
Grid Voltage. +6.0 Volts Plate Curret&. ..................... .7.2 Miltiamperes * 

Rate Voltage. ..................... .150 Volts . 
Cathode-Bias Resistor.. ............. .910 Ohms Grid Voltage, approximate 8 

Amplification Factor. ................ .94 . Ib = 100 Microamperes.. .......... -2.2 Volts 

..................... 

1 -  

FOOTNOTES 

f ,  t T h e  quipment designer should design the equipment so 
that heat& voltage is entered a t  the specified bogey value, 
with heater supply variations retricted to maintain heater 
voltage within the specified tolerance. 

shodd not exceed 3 inch-pwnds. 
in the =we or plate c i rdb ,  the 

grid-circuit resistance may be as high as ( 10000 + 100 RK + 
lo=) ohms, where RK is the cathode-bias resistaxe in 

t Heater current of a bogey tube a t  Ef = 6.3 volts. ohms, and RL is the DC plate load resistance in ohms. 
1 Without external shield. , # Operation below the rated &urn envelope temperature 
T One method of mounting the 8083 is to use a stainless-steel is recommended for applications requiring the longest 
“T” bolt (see drawing) to attach the mounting base of the possible tube life. The 8083 is atso capable of operation a t  
tube to  a chassis or circuit board. The “T” bolt should be envelope temperatures much higher than the rated maxi- 
inserted in the slot in the base of the tube, turned 90 mum value. For specific recommendations concerning 
degrees, and attached to the chassis or circuit board with a higher temperature operation, contact your . General 
1-56 nut and lock washer. Torque used to tighten the nut 

AIf is 

SPECIAL PERFORMANCE TESTS 

Ef= 6.3 volts, Ebb 250 volts, Rk = 82 ohms, RL = 18000 ohms 

Grid Recotery 
Change in Average Plate Current. .................................................... 0.6 Milliamperes 
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 tuba of any 

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, 

250 volts, RL - 0.01 meg. Ec adjusted for Ib = 3.0 ma. 
n application to the grid of a 5 volt positive pulse (prr - 60 p p ~ ,  
ctor = 0.001 2) the chazzge in average plate current is noted, and the 

tyjx, but is unimportant in many applications. In the majority of 8083 I f i L J C  CUIRLNT 

peak plate current backswing is measur 
qualitatively the plate current-time re1 

‘d recovery) subjected to this test. 

w 
I 

I 

. .  I 
---\ 

- 
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ELECTRICAL 

Cashodt-coated Unipotential 
Heater Characteristie and Ratings 

Grid to Plate: (g top). ............ .1.2 
Input: g to (h+k). ............... .1.8 
Output: p to (h +k) .. i .......... .0.032 

Mounting Position--Any 9 

MAXIMUM RATINGS 
I?BSOLUTE-MAXIMUM VALUES ( 

Positive Peak and DC Grid-to-Cathode 
Voltage. .......................... .d Volts 

Negative Peak and DC Grid-to-Cathode 
Voltage. ......... 

Plate Dissipation. ... 
cater-Cathode VoItage 
Heater Positive with Respect to 

Heater Negative with Respect to 

ircuit Resistance, with Fixed 

pe Temperature at Hottest 

'.. 
Cathode ......................... 

Poi&#. .......................... -250 



8082 
Page 5 

10-42 



. . - . . . . 



8082 
Page 3 

10-62 

- -  
Fatigue 

Statistical sample vibrat rs in each of two planes, at a peak acceleration 
of IOG. Frequency is continuously varied from 30 cps to 2000 cps and back to 30 cps, with a period 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 rutrent. 

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 = IS0 volts, Ehk = +lo0 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 Lite Test is evaluated for percent change in zero-biao 
transconductance of individual tubes, from the initial reading to readings following 2 hours and 20 hours 
of the life test. 

Survival Rate Lite Test 
The combined statistical s 
and open elements following approximately 100 hou 

es subjected to the Dynamic and Pulse Life 

Dynamic Lite Test 
Statistical sample operated, with a 6 rated DC grid current and cathode 
current for a period of 1000 hours. Heater voltage is cycled (on l?i hours, off 1J/ hour). T u b a  are evaluated, 
followhg 500 and 1000 hours of life test, for shorted or open elements, heater current, zero-bias trans- 
conductance, heater -cathode leakage, and interelectrode 1 

Pulse Life Test 
Statistical sample operated with 120 ma peak cathode current, 0.01 duty factor, for 1000 hours. Heater 
voltage is cycled (on 18; hours, off !i hour). Tubes are evaluated, following 500 and 1000 hours of l i tk  

Interface Life Test 

Note: Thecon 
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CHARACTERISTICS AND TY P I CA 
HF OSCILLATOR SERVICE AVERAGE CHARACTERISTICS -- 

Plate Voltage. . . . . . . . . . . . . . . .  100 ’ I50 Volts 
Grid Voltage. . . . .  0 Grid Resistor. . .  7000 Ohms 
Cathode-Bias Resistor . . . . . . . .  . . . .  4.0 Milliamperes 
Amplification Factor . . . . . . . . . . . .  450 Megacycles 
Transconduct an 11500 10500 Microm . 0.5 Milliamperes 

u 

9.0 - Power Output, 
approximate . . . . . . .  100 Milliwatts 

T 

.~ 

FOOTNOTES 
f The equipment designer should design the equipment so 

that heater voltage is centered at the specified bogey value, 

voltage within the specified tolerance. 

inserted in the slot f 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. 

Q Operation blow the rated maximum envelope temperature 
is recommended for applications requiring the longest t Heater current of a bogey tube at Ef = 6.3 volts. 

Ji Without e-xternal shield. possible tube life. The 8082 is also capable of operation a t  
envelope temperatures much higher than the rated’maxi- 

C One method of mounting the 8082 is to use a stainless-steel mum value. For specific recommendations concerning 

with heater supply variations restricted to maintain heater - .  

. 

“T” bolt (see drawing) to attach the mounting base of the higher temperature operation, contact your General ’ 
tube to a chassis or circuit board. The “T” bolt should be Electric tube sales representativ 

SBEClAb PERFORMANCE TEST . 
- .d Grid Recovery . . .  

Change in Average Plate Current. ................................... 0.6 Milliamperes 
Peak Plate Current Backswing. ..................................... 1.0 Milliamperes 

& 

Tubes with p r  grid recovery affect arcuit 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, tuba are tested under the following conditions: 
Ef = 6.3 volts, Ebb I 250 volts, RL - 0.01 meg, Ec adjusted 
for Ib = 3.0 ma. 

Upon application to the grid of a-5-volt positive pulse 
(prr = 60 pps, duty factor ~0.0012) the change in average 

PLATE CURRENT VS. TIME 

plate current-time relat 

positive with a puls 

stistical sample tested for voltage break 
g, to simulate an altitude of 100,000 feet. 

evidence of flashover or corona when 300 v 
between the plate and grid terminals. 

- 
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10-62 METAL-CERAMIC TRIODE 

DESCRIPTION AND RATING 
The 8082 is a high-mu triode of ceramic-and-metd pIanar construct;.on 

primarily intended for use as an osallator in the uitra-hish-frequency range. 

GENERAL 

ELECTRICAL 

CathodtCoated UnipotentiaI 
Heater Characteristics and Ratings 
Heater Voltage, AC or DCt . . . . .  .6.3 -0.3 Volts 
Heater Current$. .................. .0.24 Amperes 
Direct Interelectrode Capacitances3 

Grid to Rate: (g to p). ............ .1.3 pf 
Input: g to (hfk).  ............... .1.8 pf 
Output: p to  (hfk).  . . . . . . . . . . .  .0.032 pf . 

Heater to Cathode: (h to k). ....... J.5 pf 

MECHANICAL 

Mounting Position-Any 

ABSOLUTE-MAXIMUM VALUES 
Plate Voltage. .................... 
Positive DC Grid Voltage. ............ . O  Volts 
Negative DC Grid Voltage. . . . . . . . . . .  .50 Vdts 

Plate Dissipation. ................... 1.0 Watt 
DC Grid Current. . . . . . . . . . . . . . . . . . .  .2.2 Milliamperes 
DC Cathode Current. ............... -11 Milliamperes. 
Peak Cathode Current. .............. .40 Milliamperes 
Heater-Cathode Voltage 

. Peak Negative Grid Voltage. . . . . . . . . .  .SO Volts 

Heater Positive with Respcct to 
Cathode. ................. 

Heater Negative with Respcct to 
Cathode ......................... 50 V 

Grid-Circuit Resistance. .......... 
Envelope Temperature at Hottest 

Point * ..................... 
Absolute-Maximum ratings are limiting values of operoting 

and environmental conditions applicable to ony electron 
all other electron devices in the equipment. 

The eouinment monufocturer should desian SO that ini- 
tube of a specified type os d e f k d  by its published data 
and zhauld nap he exceeded under the worst mobable condi. 

tially ond ihroughovt life no obsolut&naxkurn voluc for 
the intended service i s  exceeded with ony tube under the - . . - -. . - -. - . . -. - - - - - - - - - - 

tions. 
fhe tube manufacturer chooses these volves to provide 

occeptoble serviceability of the tube, moking no allowance 
for equipment variotions, environmental variations, and the 
effects of changes in operating conditions due to voriotions 
in the choracteristics of the tube under considerotion and of 

worst probable operating conditions with respect to supply- 
voltoge variation, equipment component variation, equip- 
merit control adjustment, lood variation, signal variation, 
environmental conditions, ond voriotions in the charocttris- 
tics of the tube under consideration ond of all other electron 
devices in the equipment. 

The tuber and orrongementr disclosed herein moy b e  covered by polcntr of 
General Elcchic Company or others. Neither the disclosure of any information 
herem nor the $ole of rubes b y  General Electric Company conveys any license 
under potent claims covering combinations of tubes with other dnricer or 

elemenh. In the obrence ot an enpress writren agreement to ?he contrary, 
Generol Electric Company orsumer no liability for porenf inhqoment orisin0 
out of any use of the tuber with other dcricrs or element$ by any pweMser of 
tubes or others. 

I 
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PLATE-PULSED OSCILLATOR SERVlCE 
Peak Positive-Pulse Plate Supply Voltage 

1 Microsecond Pulse Duration .................. .: ............................................... lZ00 
4 Microsecond Pulse Duration ................................................................... .800 

Duty Factor of Plate Pulse ......................................................................... 0.001 
Plate Current: Average During Pulse#. .............................................................. .0.6 
Negative Grid Voltage: Average During Pulse. ........................................................ ,60 
Grid Current: Average During Pulse .................................................................. 0.2 
Plate Dissipation.. ............ :. ........................ i.. ....................................... 1.6 

Heater Positive with Respect to.Cathode .......................................... .:. .................. SO 
Heater Negative with Respect to Cathode .......................................................... .60 

Envelope Temperature at Hottest Point r). ........... :. ..................................... ;. .......... .250 
Temperature Differential Between Two Adjacent Electrodes4 ............................................. .75 
Mechanical Vibration (20-2000 Hz Sinusoidal) ......................................................... .10 

Peak Heater-Cathode Voltage 

I 
1 c. 
I 
I 

. 

- - I  

Volts 
Volts 

Amperes 
Volts 
Amperes 
Watts 

I 
1 
1 Volts 

Volts c .  c 
G Peak I 

Absolute-Moximum ratings are limiting values of operating 

exceeded under the worst probable con- 

onufacturer chooses these values to provide 
acceptable serviceability of tho device, rnoking no allowance 
for equipment vnriations, environmental variations, and the 
effects of changes in operating conditio- due to variations 

’ in tho choracteris?icr of the device under consideration a.4 

of all other electron devices in the equi ment. 

the intended service i~ weeded with any device under the 
worst probable operating conditions with respect to supply- 
volfage variation, tguipmenf component variation, equlp- 
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in the character- 
istics of the device under consideration and of all other 
electron devices in the equipment. 

and environmental conditions applieabla to any electron de- 
vice of a specified type as defined by its publiihed data and 

The e uipment manufacturer shou P d deslgn so that ini- 
tially an 3 thrloushout life no abdute-maximum vake-for 



The 7910 is a triode of ceramic-andmet?jI planar construction primarily intended for use as a plate-pulsed ascillator or 
amplifier at frequencies up to 7500 megahertz. 

I 
I *  

CHARACTERISTICS AND TYPICAL CWERA'K'IOM 
1 .  

Test Conditions 
Ef Eb ' Ib Eg PJe 
V V Ma V Ohms 

AVERAGE CHARACTERISTICS 

- - - c  
Minimum 4 e ~  Maximum . Units 

Itage, AC or DC*. ........... 6.0 6.3 6.6 V o l t s  
Heater Current.. .................... 268 290 319 Milliamperes 6.3 --- --- --- -'-- ....................... 18 Milliamperes 6.3 , 125 --- --- 82 ............ .. 82 
Platecurrent 7 12 . 

................. 82 
Amplification Factor .:. 60 
Transconduktance .l2000 
Grid Voltage, Cutoff. ................ --- 6.3 125 0.1 --- --- 
Direct Interelectrode Capacitances. 

1.a 
. Input:gto(h+k) ................. 1.5 . 2 1  

Cathode Heating Time ................ 60 --- 

6.3 125 ---* -e- 

6 3  1% --- --- 
Grid to Plate: (g to p) ............. 0.85 

Output: p to (htk) ................ --- 

PLATE-PULSED bSCl ATOR SERVICE 
Frequency.. ..................................................................................... 
Duty Factor.. .......................................................................... 
Pulse Duration ......................................................................... 
Pulse Repetition Rate .......................................................... :., ................ 1000 pulses per 

t 

The equipment designer should design 
supply variations restricted to maintai 
be obtained at reduced heater voltage. 

4 Supersedes PI. Sheet date6 7-64 L 
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DESCRIPTION AND RATING - 
diode of ceramic-and-metal planar cons 
ow-current rectifier applications. 

1 

ELECTRICAL 
CathodeCoated Unipotential 
Heater Characteristics and Ratingj . 
Heater Voltage, AC or DC*. ... .6.3 ~ 0 . 3  
Heater Currentt. ................ .0.215 Amperes 
Direct Interelcctrode Capaatanms 

Plate to Cathode: (p to k). ....... .l.l pf 
Heater to  Cathode: (h to  k) ........ .1.2 pf 

Volts 

MECHANtCAL 
Mounting Position-Any 

connections. 
See outlime drawiag on page 2 for dimensions and electrid 

NIBXIMUM RATINGS * 

ABSOLUTE MAXIMUM VALUES 
Peak Invene Plate Voltage. .......... '350 
Steady-State Peak Prate Current. ...... 22 

Heater-Cathode Voltage 

Heater Negative with Respect to 

nvelope Temperature a t  Hottest 
DC output current. ................. 55 Cathode ......................... 50 VoIts 

Heater Positive with Rcsped to Point**.. ......................... 250 C 

is centered at  the 
thin the specified t 

i 
I 
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10-66 INITIAL CHARACTERISTICS LIMITS I 

Heater Current Min. Bogey Max. 

Plate  Voltage 

Transconductance 

Amplification Factor 

( Heater-Cathode Leakage Current 

e 
- 

320 Milliamperes Ef = 6.3 volts.  . .  -. . . . . . . . . . . . . . .  280 300 

Ef = 6.3 volts, Ec - 0 volts,  Eb ad ted for  Ib  - 10 ma. . 125 175 Volts 

Ef = 6.3 volts,  Eb 175 volts,  E c  adjusted for  Ib - 10 ma . . ilS00 15000 --- Micromhos 

Ef = 6.3 volts,  Eb = 175 vol ts ,  E c  adjusted for  Ib - 10 ma . . .  85 110 140 

E€ = 6.3 volts,  Ehk = 50 vol t s  
Heater Posit ive with Respect to  Cathode . . . . . . . .  -0- --- 20 Microamperes 
Heater Negative with Respect t o  Cathode . . . . . . . .  --- --- 20 Microamperes 

Interelectrode Leakage Resistance 
Ef - 6.3 volts, Polar i ty  of applied d-c interelectrode 
voltage is such that  no cathode emission resu l t s  

Grid t o  Cathode a t  45 vol t s  d-c . . . . . . . . .  

Noise Figure - 1200 Mc 
Ef = 6.3 volts,  E c  - 0 volts,  Eb adjusted for  Ib - 10 ma 
F = 1 2 0 & 5 M : .  . . e 8.5 Decibels 

Power Gain - 450 PZ 

. . . . . . . .  
Power Gain - 1200 MZ 

S t a t i s t i c a l  sa  

i 

'-U 
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AVERAGE CHARACTERISTICS 
Pla te  Voltage. . . . . . . . . . . . . . . . . . . . . . . . . .  175 -Volts I 

G r i d  Voltaged. . . . . . . . . . . . . . . . . . . . . . . . .  --- Volts 
Amplification Factor . . . . . . . . . . . . . . . . . . . . . . .  110 
Plate Resistance, approximate . . . . . . . . . . . . . . . . . .  7300 Ohms 

Plate Current. . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 Milliamperes 

CHARACTERISTICS AND TYPICAL OPERATION 10-66 

Transconductance. . . . . . . . . . . . . . . . . . . . . . .  15000 Hicromhos 

Plate Voltage , approximate 
I b  I: 10 Milliamperes, Bc - 0 Volts. . . . . . . . . . . . . . . . .  125 Volts 

CLASS A, RF AMBLIFIEB-GROUNDED-GRID, COAXIAL-TYPE CIRCUIT - (  
Frequency . . . . . . . . . . . . . . .  450 1200 1200 1200 3000 Megacycles 
P la te  Voltage. . . . . . . . . . . . . .  * ** Volts 
Plate-Supply Voltage#. . . . . . . . . . . . . .  --- Volts 
Resistor in  Pla te  Ci rcu i t  (bypassed) . . . . . . . . .  17500 --- --- --- ohms 
Grid Voltage§$ . . . . . . . . . . . . .  0 
Pla te  Current. . . . . . . . . . . . . .  10 
Bandvid th  , min . . . . . . . . . . . . . .  9 
Gain. . . . . . . . . . . . . . . . . .  i7.5 
Noise Figure, Power Matched . . . . . . .  
* The equipment designer should design t 

bogey valuet with heater supply va r i a t  
tolerance. 
Heater current of a bogey tube a t  Ef = 6.3 volts.  * 

$ Without external shield. 
B The e l e c t r i c a l  c 

electrodes. The 
terminal a t  a minimum. 

# The 7784 is r a t e  
A Does not apply t o  initial-emission-velocity-curr 

4 Adjusted fo r  Ib  - 10 milliamperes. 
* Adjust fo r  Ib  - 10 milliamperes; 

H Supply should be regulated. 
$5 For operation ab 

a t  eera bias-. F 
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PI ana r T i  i o d e 
- -  

FOR GROUNDED-GRID CLASS A 
UHF AMPLIFIER APPLICATIONS . -  

The 7784 i s  a high-mu., metal-and-ceramic triode intended €or operation as a grounded- 
grid, Class A radio-frequency ampliEier a t  frequencies as high as 3000 megacycles. 

Features of the tube include small size, p l a d r  electrode construction with close 
spacing, inhetent r ig id i ty ,  and an envelbpe structure convenient for  coaxial c i r cu i t  
applications. 

7784 is used i n  a grounded-grid coaxial c i r cu i t .  
A t  1200 megacycles a noise €igwe of less than 8.5 decibels may be obtained when the 

The 7784 d i f f e r s  from the-6299 only i n  having an-isolated heater. 

GENERAL 

MECHANICAL 

Beater Chsracterist ics end Ratings 

Grid t o  Plate: (g t o  p) . . . . 1.75 pf 
Grid t o  Cathode and Heater: 

MAXlMLIM RATINGS 

type as defined by its published data 
exceeded under the worst probable 

e manufacturer chooses these values to provide 

rowring combinotionr of tuber with other devices ov dements. In the absence of an 
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BEGRADATION RATE TESTS 
Fatigue ' . Intermittent Lge Te 

StatCsticd sample vibrated for a total of six hours, three 
hours in each or two plana, at a peak acceleration of 1OG. 
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 - 250 volts, 
and Rk = 68 ohms. Following the test, tubes are evaluated 
for low 'frequency vibrational output, heater-cathode 

Statistical sample operated for 1000 hours under the follow- 
ing conditions: E f ~ 6 . 3  volts (cycled-m 1% hours, off 
% how), Ebm200 volts, Ecc= +7 volts, Ehk - -fO volts 
de, Rk==270 ohm, and Rg=(f.Ol m a .  T u b s  ~ d u -  
at&, following 500 and 1000 hours of life test, for shorted 
or open elements, heater current, grid current, tram- 
conductance,. noise figure, heatcr-cathodi Ieakage. and 
interelectrode 1 

Interface Lift Test 

- 

- 
leakage, heater Current, and trans 

Shock 

Statistical sample operated for 1000 hours with Ef-6.6 
volts, no other voltages applied and tval~sted for cathode 
interface resistance following 

Statistical sample subjected,to 5 
approximately 450G in each of four positions. The accelcr- 
ating force are applied by the Navy-type, High Impact 
(fiywvdght) Shock Machine using a 30' hamme: angle. 
Tubes are operated during the test with Ef-6.3 volts, 

Following the test, t u b a  are evaluated for low frequency 
vibrational output, heater-cathode leakage, heater current, 
and transconductance. 

The statistical sampfe subjected to the Int&ttcnt Life 
Test is evaluated for percent change in zero-bias trans- 
conOuctance of individual tube,  from the initia! reading to  
readings following 2 hours and 20 hours o€ the l i e  tat. 

- 
Eb-250 volts, Ehk-4-100 volts, and Rk-68 ohms. H&et-CyCliig Lite Tcst 

Statistical sample operated for 2000 cyc!es rninimunt to 
evaluate and control heatcr-cathode defects. Conditions of 
test include Ef = 7.5 volts cyded for one minute an and one 
minute off, Eb-Ec-0 vo!ts, and Ehk-?O volts with 
heater positive ~6th respect to  cathode. Following this test, 
tubes are evaluated for open heaters, heater-cathode shorts, 

Stability Life Test 

Note: The conditions f" some of the indicated tats have . 



pardtd RC circuit were in series with the grid 
occur in t u b  of any type, but is mhpor?ant 
tions. In the majority of 7768 tubes tbe effect is 

I 
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CHARACTERISTICS AND TYPICAL OPERATION * 

AVERAGE: CHARACTERISTICS 
Plate Voltage. .......... .: ...... 1 .......... .280 
Grid Voltage. ............................. +6.0 Volts Plate Current. ...................... .24 Milliamperes 

................ SO000 Miaomhos . .  

Cathode-Bias Resistor. ..................... .270 Ohnu Grid Voltage, approximate 
Amplification Factor.. .......... ; ......... :. .225 
Plate Resistance, approximate. ............. .4500 Ohms 

. FOBBNQVES . 
The equipment the equipment so 
that heater voltage ik entered at the lapecificd bogey value, 
with heater supply variations restricted to maintain heater 
voltage within the spcciiied to!crance. 

f 

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

I NlTIAb CHARACTERISTICS LIMIT$ 

Heater Current 

Rate Current 

Transconductance 

Amplification Factor 

Grid Voltage Cutoff 

Ef-- 6.3  volt^. ....... .............................. 370 

Et - 6.3 vdtt ,  Eb - 200 vdts, Rk 7 22 ohm (bypa~sd).  .... 14 22 30 Milliamperes 

. Ef = 6.3 volts, Eb = 200 

Ef - 6.3 volts, Eb = 200 

Ef=6.3~lts,Eb=200~0It~,Ib*lOOrp ........ 

(bypassed). F = 208 M 
Interdectrode Capacitances 

Grid to  Piate: (g t o  
Input: g to (h+k). .................................... 
Output: p to  (h+k) ............. :. .................... 
Heater to  Cathode: 

(bypassed), Rg = 0. 

Heater-Cathode Leakage Current 

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

Grid to A l l  a t  100 volts d e .  ....................... 50 ..... ...... Megohms 
Plate to A l l  at 305 volts dc.. ...................... 50 ..... ..... Megohms 

b, 

Grid Emission Current 
Ef P 7.0 volts, Eb I 200 volts, Ecc .I - 15 volts, Rg = 0.1 meg.. .. .. .. ..... 2.0 Mi&oampcra 
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N AND RATING 

D10-FREQUENCY AMPLIFIER 
APPLICATIONS 

gh-mu triode of ceramic-andmetat planat construction 
for use as (L broadband radio-frequency'ampIifict. T h e  

unfavorable condition5 of mrchanical 
a t  radiation are encountered 

GENERAL 

. .  
: e *  

Cathodt-coated Unipotential 
Heater Characteristiu and Ratings ' 
Heater Voltage, AC or DC'. ..... .6.3 a0.3 Volts 
Heater Currentt. ................... .0.4 Amperes 
Direct Interelectrode Capacitances$ 

Grid to  mate: (g t o  p). ............ .1.7 pf 
Input: g to (h+k). ................ .6.0 pf 
Output: p to (h +IC). ............ .O.OI(O pf 
Heater to  Cathode: (h to k) ........ .2.4 pf 

MECHANICAL 
Mounting Position-Any 

See Outline Drawing on page 3 for dimensions and electrical 
ns 

MAXIMUM RAVINGS 
ABSOLUTE-MAXIMUM VALUES . 
PIate Voltage. .. .................. .330 Volts Cathode. ...... :. ............... .SO Volts 
Positive DC Grid Voltage. ............ .O Volts Heater Negative with Respect to 

cathode. ........ .i.. ........... .so Vdts . .......... Negative DC Grid Voltage. .SO Volts A .*-A. . -A  . . wria LWWK mmstance 
With Cathode Bias.. ........... Hate Dissipation. .. 

DC Cathode Current. ............... .30 Milliamoeres .. 
Heater-Cathode Voltage ............... 

. . - - .  
~~ 

I .  

The tubes and arrangements di $4 herein moy be covered by patents of 
Gen*ral Electric Cornpon or others. Noither the disclosure of any information 
herein mor tho sale of t d e s  by Gerrorol Electric Company convoyr any Ikenro 
under patent claims caver'bg cornbinotionr of tuber with other dovieor or 

In l e  obs*nco 
General Ekcbk Compony 
out of ony use of the tubes 
tubesorothers. 

rrinen oeroemeat (0 bo controq. 
bitit). for palent lnfringmwnt orisins 

*ricer or elenenm by ony purchaser of ' 

' .  
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I G R I D  VOLTAGE IN VOLTS 

AVERAGE CONSTANT-CURRENT CHARACT f t 
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LJ CHARACTERISTICS AND TYPIC 
AVERAGE CHARACTERISTICS UHF OSCILLATOR SERVICE 
Plate Voltage.'. ............ 100 150 Volts Plate Voltage. ..... ............. 150 Volts 
Gridvoltage ............... 0 - Volts Grid Resistor. ..... ............. 7000 Ohms 
Cathode-Bias Resistor. ...... - 82 Ohms ............. 4.0 Milliamperes 

Transconductance. ........ 11,500 10,500 Micromhos 

1 

90 Amplification Factor. - ....... 
w e n t . .  1 ............ 9.0 7.5 Milliamperes 

I 



ION AND RATING 
The 7720 is a high-mu triode of ceramic-and-metal planar construction 

an osallator in the ultra-high-frequency range. primarily intended for us 

GENERAL 

ELECTRICAL 
Cathoddoa ted  Unipotential 
Heater Characteristics and Ratings 
Heater Voltage, AC or DC*. ..... .6.3 t0 .3  Volts 
Heater Currentf. ................... .0.24 Amperes 
Direct Interelectrode Capacitances0 

Grid to Plate: (g to  p). ............. .1.3 pf 
Input: g to (h+k). ................. .1.8 pf 
Output: p to (h+k). ............. .0.032 pf 
Heater to Cathode: (h to k) .......... 1.5 pf 

MECHANICAL 
Momting Position-Any 
See outline drawing on page 2 for dimensions and electrical 
connections. 

ABSOLUTE MAXIMUM VALUES 
Plate Voltage.. ..................... .250 
Positive DC Grid Voltege. ............. . O  
Negative DC Grid Voltage. ........... .SO 
Peak Negative Grid Voltage. .......... .50 
Plate Dissipation.. ................... .l.O 
DC Grid Current. ................... .2.2 
DC Cathode Current. ......... 
Peak Cathode Current. ............ : .. .40 

volts 
volts 
Volts 
Volts 

Milliamperes 
Milliamperes 
Milliamperes 

Watt 

Heater-Cathode Voltage 
Heater Positive with Respect to 

Heater Negative with Respect to 
Cathode.. ....................... -50 

Cathode.. .. .. ......... 
Grid-Circuit Resistance.. ... 
Bulb Temperature at  Hottest Point*'. . .250 

Volts 

Volts 
Ohms 
C 

Absolute-Maximum ratings are limiting vatues of operating 
and environmen?al conditions applicable to any electron 
tube of a specified type a s  defined by i t s  published data 
and should not be exceeded under the worst probable condi- 
tions. 

Tke tube manufacturer choo3es 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 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 throvphout life no absotute-maximum value for 
the intended service i s  exceeded with any tube under the 
worst probable Operating conditions with respect to supply- 
voltage variation, equipment component variation, equip- 
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in the charactcris- 
tics of the tube under consideration and of all other electron 
devices in the equipment. I 

General Electric Company or o 
hermin nor the sale of tuber by 
under patent claims rwerinp 

liability for parmt Infringement arising 
evicer or dements by any purchaser of 
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td PHYSICAL DlMENSlONS ALIGNMENT GAUGE 
I 

-PLATE TERMINAL 

RID TERMINAL ( 

CATHODE AND 
HEATER TERMINAL 

GETTER TERMINAL 
COO N-OT USE FOR ANY 

DC OR RF CONNECTION) 

HEATER TERMINAL 

! 



- 7644 
Page 3 

10-66 INITIAL CHARACTERISTICS LIMITS 
LJ Heater Current Min. Bogey Max. 

? Ef = 6.3 volts  . . . . . . , . . . . . . . . . . 280 300 320 Milliamperes 

( 

-Plate Voltage 

Transconduc tance 

Arnplif icat ion Factor 

Interetectrode Leakage Resistance 

Ef - 6.3 volts, Ec = 0 volts, Eb adjusted for Ib - 10 ma . . . 75 12 5 175 Volt6 

Ef = 6.3 volts, Eb = 175 volts, Ec adjusted for I b  5 10 ma. . 11500 15000 20000 Micromhos 

Ef = 6.3 volts, Eb = 175 volts, Ec adjusted for Ib = 10 ma. . . 85 110 140 

Ef .I 6.3 volts, Polarity of applied d-c interelectrode 
voltage i s  such tha t  no cathode emission resu l t s  

Grid t o  Cathode and Heater a t  45 volts  d-c . . . . . . . 2. --- --- Hegobme 
Grid t o  Plate a t  500 volts  d 8 I 8 e ’ .  e 2 5  

lectrode Capacitances 

--- Megohms --- 
Grid to  Plate: (8  to p) . . 2 .O Picofarads 

5.0 Picofarads Grid to.Cathode and Heater: g t o  (h + k) . . . . 
Plate to  Cathode and Heater: p to (h + k) . . . . . 0.025 Picofarads 

. . e . . . . .  

- 
SPECIAL PERFOWMA 

Noise Figure - 450 MC Min. Max. 
Ef - 6.3 volts, Ec - 0 volts, Eb adjusted for  Ib = 10 ma, F - 45W5 K: --- 5.0 Decibels 



- i - 

CHARACTER1 STI CS AM D TYPICAL OPERATION 
AVERAGE CHARACTERISTICS Pla te  Voltage. . . . . . . . . . . . . . . . . . . . . . . . . .  175 Volts 
Grid VoltageA. . . . . . . . .  
Amplification Factor . . . . . . . . . . . . . .  
P l a t e  Resistance, approximate . . . . . . . . . . . .  
Transconductance. . . . . . . . . . .  
Plate Current. . . . . . . . . . .  . = .  . 
Plate Voltage, approximate 

Ib  - 10 Milliamperes, Ec - 0 volts.  . . . . .  . . 125 Volts 

CLASS A, RF AMPLIFIER-GROUM ( 
Frequency . . . . . . . . . . . . . . . . . . . .  450 1200 3000 Megacycles 

Resistor i n  Plate Ci rcu i t  (bypassed) . . . . . . . . . .  17500 17500 17500 Ohms 
Gridvoltage** . . . . . . . . . . . . . . . . . .  0 0 0 Volts 

Gain. . . . . . . . . . . . . . . . . . . . .  17.5 17 . 11 Decibels 

P la te  Supply Voltage# . . . . . . . . . . . . . . . .  300 300 300 Volts 

. . . . . . . . . . . . . . . . . .  10 - 10 Milliamperes Plate Current. 10 . . . . . . . . . . . . . . . . . . .  10 10 Hegacyclee Bandwidth, min 10 

Noise Figure, Power-Matched . . . . . . . . . . . . . .  4.5 8.2 13.2 Decibels 

- NOTES - 
* The equipment designer should design the equipment so tha t  heater voltage is centered a t  the specified 

bogey value, with heater supply variations res t r ic ted  t o  maintain 
tolerance. 

p Heater current of a bogey tube a t  Ef = 6.3 volts.  
0 Without external shield. 
5 Good thermal contact t o  the anode and cathode must be provided t o  conduct beat from the elements. 

anode contact must be suf f ic ien t ly  flexible to  keep lateral force on the anode a t  a minimum. 
# The 7644 is rated only fo r  Class A amplifier service. 
A Adjusted €or I b  = 10 milliamperes. 
d Supply should be regulated. 

l tage within the specified 

The 

** For 'operation above 1000 

U 



Planar. Triode 
FOR GROUNDED-GRID CLASS A 
UHF AMPLIFIER APPLICATIONS 

M- Page I 10-66 

- - 
The 7644 is a high-mu, metal-and-ceramic triode intended fo r  operation as a grounded- 

Features of the tube include small size, planar electrode construction with close 
uctuxe convenient for  coaxial c i r cu i t  

644 may be used i n  radar receivers, or s i m i -  
The 

grid, Class A radio-frequency amplifier a t  frequencies as high as 3000 megacycles. 

spacing, inherent r igidity,  and an envelope s 
applications. 

Within the l imitations of its ratings, t 
lar applications, where the gr id  of the tube may be driven positive by leakage pulses. 
physical appearance and dimensions of the 7644 are identical  t o  those of the 6299, and the 
electrical characterist ics are nearly identical. 

Cathode - Coated Unipotential 
Heater Characteristics and Ratings 

Grid t o  Cathode and Heater: 

p t o ( h + k ) .  

Platevol tage.  . . . . . . . . . . . . . . . . . . . . . . .  . 2 0 0  Volts 
Negative CC Grid Voltage . . . . . . . . . . . . . . . . . . . . .  15 Volts 
Plate Dissipation . . . . . . . . . . . . . . . . . . . . . . . .  2.0 Watts 
DC Pla te  Current. . . . . . .  . . . . . . . .  . . i . . 12 Milliamperes 

Duty Cycle. . . . . . . .  . . . . . . .  . . . . . . .  0.0011 
Pulse Width . . . . . . . . . . . . . . . . .  15 Microseconds 
Peak RF Grid Voltage# . . . . . . . . . . . . . .  - *  7.0 Volts 

Leakage Pulse 

Envelope Temperature a t  Hottest Point. . . . . . . . . . . . . . . . . .  150 c 

Absolute-Maximum ratings are limiting values of operat- 
ing and environmental conditions applicable to any electron 
tube of a specified typo as defined by its published data 
and should not be exceeded un e worst probable 

tube manufacturer chooses these values to provide 
acceptable rerviceahility of the fube, 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 hi- 

tially and throughout life no absolute-maximum value for 
intended service is exceeded with any tube under the 

able operating conditions with respect to supply- 
ge variation, equipment component variation, equip- 
control adjustment, load variation, signal variation, 

mental conditions, and variations in the characteris- 
le tube under consid tion and of all other electton 

devices in the equipment. 
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