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0 ImTRODUCTION 

This report summarizes the results of investigations carried out 

by Mechanics Research, Inc. (MRI) into the availability and suitability of 
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 
and 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 downhole well logging environment including ambient temperatures up 
to 5000C. . 

CJ 

Y 

' One obJective of this contract is to demonstrate the 
u of meeting the EFDA long term temperature capabilities of 50OoC 

feasibility 
n downhole 

logs with present day technology. 
prior successful use of ceramic vacuum tubes for a 25OoC downhole instrumen- 
tation amplifier (References 1 and 2) and successful operation of ceramic 
vacuum tubes for GOO0 hours at 5OO0C (Reference 3). 

The technical approach is based on the 

.- 

0 

The information in this report is presented to aid future develop- 
of high temperature electronics with ceramic vacuum tubes. This infor- 

mation is in no manner intended to be ar~ exhaustive study of the subJect of 
ceramic vacuum tubes, but rather to present useful design data acquired in 

u 

uation of ceramic vacuum tubes for the development of a 5OO0C instru- 
n amplifier. Sectio of this report discusses th general require- 
r ceramic vacuum tub application to the development of high 

y available tubes are described in Section 
tract activities that specifically relate to ceramic vacuum 
ed in Section 4. Supplemental d is presented in the 

49 

e well logs.  Commerc 

appendix. J 
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'Ir, 
2.0 GENERAL REQUIREMENTS 

Stringent and frequently conflicting requirements exist on active 

Y electronic devices for their use in downhole geothermal well logging. men 

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. 

"he devices should be small to permit efficient packag- 

w They should consume small amounts of power, have a long life and have a 
The following paragraphs describe these requirements in more 

u 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. 

cy: well logging instruments as stated in Reference 4. Thus, the tube envelope 
must be at somewhat higher temperature to transfer heat to the external en- 
vironment. 

Poa High temperature of problems 
of ceramic vacuum tubes. The rature can c 
filament and cathode temperature, 
of the thermionic emission materi 

an result in accelerated depletion 
e cathode and/or loss of tube life 

u by filament burn-out. The high ture can a l s o  cause an increase in 
the rate of outgassing and lo 
ination. 
tween tube elements because of thermal expansion. This change in tube 

tube performance and/or life by contam- 
In addition, temperature changes cause changes in the spacings be- 

u spacing is reflected in tube performance characteristic changes. 

2.2 Shock 
0 

Well logs are subje d to severe mechanical shocks during de- 
The logs are generally deployed and recovered by a ployment and recovery. 

2 a 
Y 
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single electro-mechanical cable. Thus, the log is unconstrained laterally, and 
c 

it slams against the sides of the well as the log is lowered or raised. 
tion, the logs are sometimes used as battering rams to reopen the hole if bridg- 
ing occurred when the drill string was removed. 

In addi- 

This environment is unknown, 

but intuitively it must be a severe shock environment. The primary requirement 
c 

for active electronic devices is to survive a large number of these shocks with- 
out performance degradation. 

e 
2.3 Size 

In general, it is desirable to have the active electronic device as 

1& small as possible so that the complete instrument can be-packaged in a small 
volume. 
ever, with ceramic vacuum tubes, the reduced size must be compromised with a 
loss  in some performance characteristics, most notably reduced transconductance 

Some slimhole sondes are only 1.4 inches in internal diameter. How- 

Q from reduced cathode area. 

2.4 Power 

t It is desirable to keep the total power required low and the number 
of power supplies required low as discussed below: 

Present operational techniques require transmission of the elec- 
(J trical power over long cables (3 to 5 miles) from the surface downhole to the 

log. 
(frequently 1 conductor plus the mechanical strength member, or 7 conductors 
plus the strength member). 

Also,  the total number of electrical conductors is usually quite limited 

Gi 
Filament power should be as low as possible. Most of the ceramic 

vacuum tubes applicable to high temperature well logging are designed for nom- 
inal 6.3 volt filament power. 
current. 
over long lines this current causes a very noticeable voltage drop. 
the round trip resistance of an 18 gage conductor, 20,000 feet long is 256 ohms 

Thus, the tube should require a minimal filament 
t The filament current is normally the largest current required and 

For example, 

ci 
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a t  room temperature. For a one-third ampere filament cur ren t ,  t h e  l i n e  drop is  
about 85 vo l t s .  The filament current  must not exceed t h e  current  carrying capa- 

b i l i t y  of t h e  conductor a t  i t s  maximum useage temperature. 

t h e  fi laments of mult iple  s tages  a r e  of ten wired i n  series. However, t he re  are 
two l i m i t s  on t h e  use of s e r i e s  filament connections. F i r s t ,  t h e  series fi la- 

ment drop p lus  t h e  l i n e  drop voltage must not exc t h e  voltage r a t i n g  of  t h e  

insu la t ion  material of t h e  cable. 

ab le  voltage difference between t h e  filament and cathode of  a given tube. 

vol tage must not be exceeded. 

be as l a rge  a voltage as possible.  

For these  reasons,  

Second, t h e r e  i s  a f i n i t e  l i m i t  on t h e  allow- 

This 

It i s  des i rab le  f o r  t h i s  tube cha rac t e r i s t i c  t o  

For t h e  B+ supply, it would simplify amplif e r  design i f  mult iple  

B+ and B- suppl ies  could be used. However, with t h e  l imi t a t ions  on t h e  number 

of  conductors i n  t h e  logging cab1 e amplif ier  design i s  forced toward a 
s i n g l e  B+ supply. ing capaci tors  f o r  operation at these  

temperatures fu r the r  forces  t h e  amplif ier  design toward d i r ec t  coupling. 

fore ,  t he  tube should be capable of l i n e a r  operation over a wide range of  B+ 
voltages ,  because i n  cascaded d i r e c t  coupled amplif iers  it is des i rab le  t o  start 

w i t h  a low p l a t e  voltage at  the  i n i t i a l  s tage and increase with subsequent s tages .  

Lack of l a rge  
There- 

Another requirement on the  B+ power supply i s  t h a t  t h e  voltage a t  

t h e  amplif ier  plus  t h e  l i n e  drop not exceed t h e  allowable voltage r a t ing  of t h e  

cable  insu la t ion .  (Thus, low B+ current  requirements f o r  t h e  tubes a r e  desire- 

able .  ) 

The amplif ier  design should be such t h a t  i t s  perfomance is to l e ran t  

of f a i r l y  broad B+ and/or filament power var ia t ions .  

2 . 5  Performance 

Economically, it is present ly  des i rab le  t o  minimize t h e  number of 

types of tubes used i n  an instrument design t o  enhance t h e q u a n t i t y p r i c e  breaks. 

Yet i n  a t y p i c a l  amplif ier ,qui te  d i f f e ren t  performance requirements exist f o r  

tubes used i n  d i f f e r e n t  stages.  Input s tage tubes must be able  t o  amplify 

MECHANICS RESEARCH INC. 4 



, 
c 

c 
very small voltages from transducers,  intermediate s tage tubes must amplify 

r e l a t i v e  high l eve l  voltages and output s tage tubes must be able  t o  dr ive  long, 

lossy transmission l i n e s .  

mu's, but with d i f f e ren t  l i n e a r  operating points and the  output s tage tube should 

have a very low p l a t e  res is tance.  

conf l ic t ing  requirements, espec ia l ly  when t h e  des i r e  is tominimizeB+ current  

and Physical s i z e .  To minimize t h e  temperature dependence of tube character is-  
t i c s i s  des i rab le ,  but t o  sone extent  c o n f l i c t s  with good performance character-  

The input and intermediate s tage tubes should have high 

e 
High mu and low p l a t e  res i s tance  tend t o  be 

4i 

3.0 COMMERCIALLY AVAILABLE TUBES L 

A survey was made t o  determine which commercially ava i lab le  ceramic 

vacuum tubes  appear t o  be t he  most applicable t o  t h e  design of a 5OO0C instrumenta- 

t i o n  amplif ier ,  The following suppl iers  of ceramic vacuum tubes were located & 

by MRI: 

e 

0 

0 

0 

MECHANICS 

Amperex Electronic Corporation 
A North American Ph i l l i p s  Company 
Distr ibutor  Sales Operation 
230 Duffy Avenue 
Hicksvi l le ,  L . I . ,  New York 11802 

4 

(516) 931-6200 

EIMAC 
Division of Varian 
1678 S. Pioneer Road 
S a l t  Lake City,  U t a h  84104 

4 

(801) 487-7561 

General Elec t r ic  Electronic Components Business Division c 
Tube Products Department 
316 East Ninth S t r ee t  
Gwensboro, Kentucky 42301 
(502) 683-2401 

The Machlett Laboratories ,. Inc,  
A Subsidiary of Raytheon Company 
1063 Hope S t r ee t  
Stamford, Conn. 06907 

b 

(203 348-7511 

b 
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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- 

W 

w 

Y, 

W 

Most of the commercially available ceramic vacuum tubes are not 
suitable for high temperature downhole well logging for one, or more, of the 
following reasons: 

e too large, 

o excessive power requirements and/or 

e development required for 5OO0C ambient operation. 

The one exception found was in the General Electric product line. 

anical clips. 
for other than testing purposes. 

Sockets are available for some tube types, though not recommended 
biA 

Tube types 7296 and 7588 were used by MRI in the development of a 
25OoC downhole well logging amplifier (see reference 1). 
tube was tested by GE at elevated temperatures (see reference 3). 
test conditions was a 4000 hour life test at an ambient environment of 500°C. 

Thus, these tubes appear to have immediate potential for application to the 
long range ( 5OO0C 

The 7296 type of 
v 

One of these 

well logging requirements. 
U 

Detailed data sheets for some of these tubes are presented in the 
Appendix. 

V 

U 
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e m  MAXIMUM RATINGS 

I MAX 
PLATE MAX 

OUT- HEATER VOLTS GRID MAX 
LINE AND CUR- FREQ. TYPE GENERAL DESCRIPTION 

WATTS REmT (mz) 
VOLTS AMPS' 

7077 MGTAL-CERAMIC TRIODE INTENDED FOR LOW-MOISE H 6.3 0.24 250 - 3000 
UHF AMPLIFIER SERVICE 1.1 

7266 METAL-CERAMIC DIODE INTENDED FOR INSTRUMENT- I 6.3 0.215 600 - 3000 

7296 METAL-CERAMIC TRIODE FOR VtEF J 6.3 0.4 330 10 500 

7391 METAL-CERAMIC TRIODE IETTENDED FOR UBF F 6.3 0.38 200 3.0 6000 
OSCILLATOR SERVICE 2.25 MA 

PROBE SERVICE (1) 

OSCILLATOR OR AMm;fFIEZE%E 5.5 MA 

7462 METAL-CERAMIC TRIODE INTEmDED FOR LOW-NOISE . K 6.3 0.24 250 .. 500 
1.1 VHF AMPLIFIW SERVICE 

7486 METAL-CERAMIC TRIODE IMTENDED FOR UHF H 6.3 0.24 250 2.2 3000 
OSCILLATOR OR AMPLIFIER SERVICE 1.0 MA 

7588 METAGCERAMIC TRIODE INTENDED FOR VIP J 6.3 0.4 300 - 500 
AMPLIFIER SERVICE 5.5 

- 7625 MEl?AL-CERAMIC TRIODE INTENDED FOR L O W - W L  K 6.3 0.215 275 - 
AUDIOFREQUENCY AMPLIFIER SERVICE 0.85 

764h MEI'AL-CERAMIC TRIODE INTmED FOR LOW-NOISE F 6.3 0.3 200 - 3000 
2.0 UHF AMPLIFIER SERVICE 

- -  - 
( -1  Peak inverse voltage. 

. (?! This is the bogey value a t  vhich average characterjst ics a re  determined. For some classes 
of operation, a lower value may be recommended. 
These are the  highest values l i s t e d  f o r  any c lass  of CW operation; lower values may be 
indicated for some classes of CW operation. Refer t o  the  cmple te  Product Information 
sheets for t h i s  information. 
AdjusTed for  l b  = 75 milliamperes. 
Peak voltage rating fo r  pulse service. 

' ? )  

t i )  

1 5 )  
86) m s e  service. 
. . I  -- 

(T! (8, 

( 9 )  
(19) 
(11) 

Adjusted for lb * 75 millismperes. 
The frequency l i s t e d  is one at which significant application data are available or expected, 
and does not necessarily represent an absolute frequency l i m i t .  
AdJusted for l b  = 10 milliamperes. 
AdJusted for  l b  = 10 milliamperes; range m u s t  be variable from 75 t o  200 volts. 
Bypassed r e s i s to r  (18k) in  plate-supply lead. 

ji3) GTith Rk = 270 and Eg -4.0 Volts. 
ib! 

f L 5 )  
3jjaSsrd r e s i s to r  (17.5k) i n  date-suurrlv lead. 
Piate dissiuation of 100 va t t s  in permissible with forced-air cooling. 

Table LR 
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GENERAL MAXIMUM RATINGS I 
GENERAL DESCRIPTION MAX 

FREQ I 
(.Mi2 : - 
500 

- 
3000 

- 
3000 

HEATER 

VOLTS I AMPS 

TYPE 

- 
7720 

.- 
7768 

7784 
- 

7841 

- 
7910 

791 3 

8081 
- 
8082 

- 
8083 

I 
METAGCERAMIC TRIODE INTENDED FOR VHF 
OSCILLATOR SERVICE 

250 2.2 
1.0 MA 

200 

~AL-CERAMIC TRIODE INTTENDED FOR UHF L 
AMPLIFIER SERVICE 

METAL-CDAMIC TRIODE I m E D  FOR LOW-NOISE M 
UHF AMPLIFIER SERVICE 

METAL-CERAMIC DIODE INTENDED FOR DETECTOR I 
SERVICE 

METAL-CERAMIC TRIODE INTENDED FOR UHF PLATE- P 
PULSED OSCILLATOR OR AMPLIFIER SERVICE 

2.0 1 
7 

3000 6.3 0.21 350 I - 
(1) - 

0.27 
- 
1200 

1.5 
( 5 )  

( 6 )  

330 
3.5 

- 

- 
200 
MA 
(6) 

6.3 

- 
1 3000 

- 
6.3 
- 
0.4 

- 
10 
MA 

METAL-CERAMIC TRIODE INTENDED FOR OSCILLATOR L 
OR AMPLIFIER SERVICE 

PIMIAL-CERAMIC TRIODE-INTENDED FOR LOW-LEVEL R 
AUDIOFREQUENCY AMPLIFIER SERVICE 

METAGCERAMIC TRIODE INTEXDED FOR UHF R 
OSCILLCLTOR SERVICE 

METALCERAMIC TRIODE INTENDED FOR LOW-NOISE R 
VHF AMPLIFIER SERVICE 

275 I - 
0.85 

c 2.2 
MA 

503 250 
1.0 

- 
500 250 - 

1.1 

4 

( - 1  Peak inverse voltage. 
( ? '  

( 1 )  

This is the bogey value at which average characteristics are determined. 
of operation. a lower value may be recommended. 
These are the highest values listed for any class cf CW operation; lower velues may be 
indicated for some classes of CW operation. Refer to the complete Product Information 
sheets fir  this information. 
AdJusted for  lb = 75 milliamperes. 
?e& voltage rating for pulse service. 

Adjusted for lb = 75 milliamperes. 
The freqilency listed is one at vtiich significant spplication data are available or expected, 
and does not necessarily represent an absolute frequency limit. 
Ad.lusted for lb = 10 milliamperes. 
Adjusted f o r  lb = 10 milliamperes; range must be variable from 75 to 200 voits. 
sypassea resistor (18k) in plate-supply lead. 
dith Rk = 910 an2 Eg = +6.0 volts. 
With Rk = 270 and Eg = +6.0 volts. 
Bypassed resistor (17.5k) in Dlate-suwlv lead. 

For some classes 

'.I) 

, S I  
!6) Puise Service. 
i .') 
(E! 

'? )  
'!q) 
'11 

) 
) 
) 

I (15) Plate dissiwtion of 100 watts is permissible with forced-air cooling. 

s; 

I Tablc 113 
I 
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CHARACTER1 
I I IPLATE 

BEG. MILLS 
GRID AM- 
VOLTS PKRES 

1 . . . -  . -4- I 

7720 I 
I CLASS c OSCILLAToRl 150 I Rg = I 4.0 

i 
7784 A F .  CRAR. 175 (9) 10 

CLASS A RF AMP. - (10) 0 10 
GROUNDED -GRID (10) 0 10 - 1 - 1  - I - 

7841 I SIGNAL DETECTOR TUBE VOLTAGE DROP: 2.6 VOLTS AT l b  = 5.0 MA. MAX D-C CATHODE CURR I = 5.5 MA; MAX F’EAIC CATHODE C U R ”  = 22 MA. 
I 
1 

I 
I I 

I I % =  
PLATEPULSED 0SC.- 1000 - 
D.F. = 0.001 PEAK 

7913 I AvGo CHAR- I 2oo 17; I CIAASS C OSCILLATO 300 R g  = 
11500 

150 Rk = 
1000 ‘GI AVG. CHAR. 

8082 I AVG. CHAR. 

I CLASS OSCILLATOR 150 R g  = I . I7000 

8083 AVG. CHAR. 150 (12) 

MECHANICS RESEARCW INC. 

ci 

e 

c 

Table 1D 



PLAT€-- 

F 

CRiD 

1 

L 
I 
I 
I 

I .d40" 
CATHODE MAX. 

HEATER 41 
M 

R 

H 

CATHODE 

MAX 
1 GRID 

K 

I 

P 

GRlO- 

L 

. 0.758" 

4-7- 1 MAX. 

. 

Q 

Figure 1. Outlines of Selected General Electric 
Production Type Ceramic Metal Vacuum 
Tubes (Extracted from GE Publication 
"Ceramic Tubes for Original Equipment 
Design", EI-61~. ) 
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4.0 FUTURE ACTIVITIES 

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

Small quantities of tube types 7296, 7588, 

.- - . These particular tubes have been selected to 

Table 2 summarizes perti- 

Table 2.  Nominal Tube Characteristics 

Charact er i st ic 

The primary emphasis of the'planned testing w i l l  be the detedna- 
tion of tube characteristic variations with temperature, since no data is 
available on this characteristic. It is important that tube characteristics do 
not change in a major way with temperature because the 
over a broad spectrum of temperatures, not just a single temperature. 

well log must operate 

In addition to the above four commercially available tube types, 
The objective one special tube is being developed by GE for a nominal cost. 

MECHANICS RESEARCH INC. 9 



of this tube is to provide both a high amplification factor and high transcon- c 
ductance in a single tube. 
tube type to perform both the voltage amplification and line driving functions. 
The design goals for this tube are: 

If successful, this approach will permit a single , 

c 
0 Size: 1/3 inch diameter (8081 configuration) 

Filament Current : 215 ma @ 6.3V 

Amplification Factor: 300 275 @ I = 5ma 
P 

\ 0 Transconductance: 21,000 k.1000 W o s  @ I =lo ma 
P 

Use of a single tube type is advantageous from the standpoints of 
volume price discount and spares requirement. 
in the same manner as the standard product line tubes. 

This tube type will be tested G 

Q 

MECHANICS RESEARCH INC. 10 i 
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7077 

METALCERAMIC TRIODE 

FOR UHF AMPLIFIER APPLICATIONS 

. .  DESCRIPTION AND RATING 
; * 

, The 7077 is a high-mu.triode of ceramic and metal planar construction 
primarily intended for use as M r-f ampUer in the UHF range. It features 
an extremely low noise figure throughout its frequency range. The 7077 is 
especially suited for use w h m  unfavorable condition! of mechanica1 shock. 
mechanical vibration, and nudear radiation are enmuntwd, 

.' 
8 ,  

EPECTRJCAL 

Cathode-Coated UnipotentiaI 
Heater characteristics and W ' g s  
Heater Voltage. AC or DC'. .... .6.3 a0.3 
Heater Current t .................. .0.24 
Direct Interdcctrodc Capadtancat 

Grid to Rate: (g to  p). ...... : .... .LO 
Input: g to  (h+k). ............... .I.? 
Output: p to (h+k). ............. .0.01 
Heater to Cathode: (h to k). ....... .l.l 

Volts 
'Ampcra 

Pf 
Pf 
Ff 
Pf 

. .  Mou&ing Position-Any 

See O u t h e  Drawing on page 3 for dimensions and Clecttical 
connections . 

MAXIMUM RATINGS 
Y 

ABSOlUTE-MAXIMUM VALUES 
a t e  Voltage. .... i .......... ;. . : .. .2SO Volts 
Positive Peak and DC Grid Voltage. ..... 0 Volts Cathode. ......................... SO Volts 
Negative Peak and DC Grid Voltage .... .SO V d t s  
Plate Dissipation. .............. Cathode .......................... 50 Volts . 
DC Cathode Current. ......... Envdope TanpcratureO ............. .250 C . 

Heater Positive with Rapcct fo . 

Heater Negative with Respect to . 

Heater-Cathode Voltage Grid-Circuit RCS~S~~IXC. .  ........... .*.0.01 Mtgohms 0 

Absolute-Maximum ratings are limiting values of operating 
and environmental conditions applicabb to any electron 
tube of a specified type as defined by i t s  published data 
and should not be exceeded under the worst probable condi- 
tiont. 

The tube manufacturer chooies these voluer 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 throughout life no obsolute=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, 
emironmental conditions, ond variations in the characteris- 
tics of the tube under consideration and of all other electron 
devices in the equipment. 

tho tuber and orrongenenn diacloaad herob nay bo corered by patents of 
Generot 8.ntiC Company or Otheth Neither the dklorure of ony information 
herein nor tho aale of tubor by Gonerol CIecbk Company comeyi any I k n s e  
under potent c b i i s  corering eonbindom Of tubes with other devices or 

elemon& In the obreneo Ot an exmess written ogreoment to the contrary, 
Gonerol Uectric Company oaswnes (10 Ikbility for potent infringement wiring 
out of any use of tho tubes with othor dovice$ or elementr by any purchaser of 
tuberarothorr 

63 
* .  . 

. I  

u' 
G E N E R A L  ELE CTR I C 

Supersedes U-T.n488 dated 3-58 and 10-59 
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CHARACTERISTICS AND TYPICAL OPERATION 
. .  - . . i '  : . \  

. AVERAGE CHARACTERISTICS 
Plate Supply Voltage. .......... ". .... .25d. Volt; .. ; . .  Transconductance. ............... .IO000 Micromhos 
Resistor in Plate Circuit (bypassed). . I8000 Ohms Plate Current. ..................... .6.5 Milliiperet 
Cathode-Bias Resistor.. ............... .82. Oh? 
Amplification Factor. .................. .i90 
plate Resistance, approximate. .go00 Ohms 

GROUNDED-GIID AMPLIFIER450 MEGACYCLES - 
Plate Supply Voltage4, ............. .250 Volts Power Gain, approximate. .......... .14.5 Decibels 

Cathode-Bia~ Resistor.. .............. .82 Ohms matched input, using argon lamp 
Plate Current. ..................... .6.S Milliamperes noise source), approximate. ........ .5.5 Decibels 
Bandwidth, approximate.. ........... .7.5 Megacycles 

Grid Voltage, approximate 
Gm = 50 Micromhos. .............. -5 Volts 

..... . .  . .  

... 

Resistor in Plate C i i t  (bypasscd)Y 18000 Ohms Noise Figure (Measured with power- 

- .  . . L -  

. . . . . . . . .  FOOTNOTES -. 

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

t Heater current of a bogey tube 8t Ef - 6.3 volts. 
$ Measured using a grounded adapter that provides shielding 

between external terminals of tube. 
5 Operation below the rated maximum envelope temperature 

is recommended for applications requiring the longest 

possible tube life. The 7077 is also capable of operation a t  
envelope temperatures much higher than the rated maxi- 
mum values. For specific recommendations concerning 
higher temperature operation, contact your General 
Electric tube sdes representative. 

4i Lower supply voltage and a lower value of resistor may be 
used in the plate circuit with some sacrifice in uniformity 
of performance. 

- 

OUTLINE DRAWING TYPICAL GROUNDED-GRID AMPLIFIER ClRCUIT USING THE 
7077 

ANODE 

INSULATOR ~ 

cat0 . 

INSULATOR I . . .  
CATHODE - ---- 

* - INSULATOR . 

, .33S"MAX. DIA. I 
ALL INSUWORS 

2 7 s  "f.OO4" 
DIA. 

. .  . .  _. , . 

. . . .  

.'I -.  . 

" 

._ 

1-Maximum eccentricity of anode, grid, and cathode O.O0So * 

2-Maximum cccentricity of insulators 0.010' from center tin?. 
H e n t a r  line of grid ring used as reference line for horizontal 

4-Bottom surface of grid ring used os reference line for verti- 

from center line. 

tolerances. 

cal tolerances. 

cl 

ii 

c 

e 

b 

L 
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INITIAL CHARACTERISTICS LIMITS 

I Mill. Bogey Men. 

c 
Heater Current 

Ef -6.3 volts. .......................................... 222 240 258 M i l l i a m ~  
Y 

I 
I Plate Current 

Ef = 6.3 volts, Ebb - 250 volts, RL = 18000 ohms, Rk - 82 ohms ........................................... 8.5 MiUiampere (bypassed). 4.5 6.5 

w 
Transconductance 

Ef16.3 d t s ,  Ebb1250 volts, RL-18000 ohms (bypassed), 
* -182 ohms (bypassed). ................................ 7000 lorn 13000 Miaomhos 

. /  

Transconductance Change with Heater Voltage 
Difference between Ttansconductance.mcasd at ET-63 &d 
Ef-6.0 volts lother conditions the same) expressed as a pet- 
centage. 

- 
.................................................. ..... 20 Percat 

Ampliication Factor 
Ef = 6.3 V ~ l t s ,  Ebb p 250 VOI~S,. R t  18090 ohms (bnatsed), 

90 115 Rk 1182 ohms (bypassed). ................................ 

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

65 

Interelectrode Capacitances - 1.00 1.16 Picofarads 0.84 ...................................... 1.70 2.15 picofatads Input: gm (h+k). 1.25 
Output: p to (h+k). .................................... 0.004 0.010 0.016 Picofarads 
Heater to Cathode: (h to k). ............................. 0.80 1.10 1.40 Picofarads 

* 

I ,  

1 :  

3" Heater-Cathadt Leakage Current 
Ef - 6.3 volts, Ehk - 100 Volts .................. ..... 20 Microamperes Heater Positive with Respect to Cathode. 

Heater Negative with Respect to Cathode. .................. ..... 20 Microamperes i 

Interelectrode Leakage Resistance 
Ef -6.3 volts, Polarity of applied d s  Interelectrode voltage is 
such that no cathode emissiOn results. ..... ..... Megohms Grid to All at 100 volts d e .  .......................... 100 ..... Megohnu PIatc to All at 300 volts d e , .  ......................... 100 ..... 

Iw 
I 

I 
Grid Emission Current 1 . 

Ef 7.0 volts, Ebb - 250 volts, Ecc - ..... 2.0 Microamperes (bypassed), Rg ~ 0 . 1  me$, RL = 18000 ohms (bypassed). .......... 
I@ L 

SPECIAL PERFORMANCE TESTS 

Noise Figure 
Ef -6.3 volts, Ebb -250 

5450 mc:. ......... 5.5 6.6 Decibels 
cly 

; 

I 

t 

oise Figure at Reduced H a t  
Ef - 6.0 volts, Ebb - 250 v 
F-450 mc.. .......... .......................... ..... 8.1 Decibels 

i 

Power Gain 
Ef -6.3 volts, Ebb 150 Volts, Rk 82 Ohm, Rt 18000 ohms, 
Fs450 mc .............................................. 12.5 14.5 ..... Decibels 



This effect may occur in tuba of any type, but is unimportant 
in many applications. In the majority of 7077 tubes the 
effect is negligible, but to ttimihate.the few in which it may 
be crccssivc, tubes y e  t a t @  under thc$$lowing cpnditions: 

for Ib -3.0 ma. e 
Upon application to the grid of a 5 volts positive pulse 8 

(prr-60 pps, duty factor-0.0012) the change in av'uage 
plate current is not4 and the peak plate current backswing 1 is measured. The following diagram shows qualitatively the a 
plate current-time telationship for a tube (with poor grid 
recovery) subjected to this test. 

, 

I 

Ef- 6.3 volts, gbb - 250 volts, RL ~ 0 . 0 1  meg. Ec is adjusted 5 c 

. . .  Veable Frequency vibration& Output . I  . .  
I .  . I . a .  1 .  

esigncd to be fret of vibrational outputs in 
excess of 15 mv RMS at any frequency within the range 
100-2000 cps. when vibrated in ather of two planes at,.lOG 

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

€I 

Low Presske"Vo1tage Breakdown Test I : .  - a  ! 

. . .  
I 

Statistical sample tested for voltage breakdown at a pressure 
of 8mm Hg, to simulate an altitude of 100,000 feet. 

when 300 volts RMS, 60 cps, is applied bepeen the date 
andgridtaminals. . b . . . .  . . . .  _ .  _ -  e visual evidence of ffashover or corona :.. ' ' 

3 .  * .  , 

Q€_c,p4&4~rory..RA?& =rs;- ; :. 

* 
AVERAGE CURRLWT SWORE WUES ARE APPLIED 

P u m  PULSE CURRENT ' * 

c 

PEAK ?LATE CURRENT WCKSWING 
" 7  

..- .%*.*. T, we,- .n :\* Fatigue 
Statistical sample vibrated for a total of 96 hours, 48 hours 
in each of two plana, at a peak acceleration of LOG, 
Frequency is 40 cps. Tubes are opqated during the test 
with Ef -6.3'volts (no other voltages applied). Following 
the test, tubes are evaluated for low frequency vibrational 
output, heater-cathode leakage, heater current, noise 
figure, and gain. . ..\#+ . .  

ShOCk 

Statistical sample subjected to 5 impact accelerations of 
: approximately 450G in each of four positions. The acce1a'- 

ating forces are applied by the Navy-type. High Impact 
(flyweight) Shock Machine using a 30" hammer angle. 
Tuba are operated during the test with Efx6.3 volts, 

- Eb- 150 volts; Ehk= +IO0 volts, and Rk-82 ohms. 
FoIlowing the test, tuba are evaluated for low frequency 

. .  
. 

t 

. . . .  . .  . .  : . .  
f 8 ' . .  . 

iv 
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a DESCRIPTION AND RATING 
The 7266 is a cathode-type diode of ceramic-and-metal planar construc- 

tion. It is intended for detector, high-frequency instrument probe, and low- 
current rectifier applications. The 7266 is apeaally suited for use where 
unfavorable conditions of mechanical shock, mechanical vibration. and nu- 

*- 

?gpE!Z clear radiation are encountered. 

GENERAL 

Cathode-Coated Unipotential 
Heater Characteristics and Ratings 
Heater Voltage, AC or DC.. . .  .6.3 -0.3 Volts 
Heater Currenrt. . . . . . . . . . . . . .  .0.21S Amperes 
Direct Interelectrode Capacitances: 

Rate to Cathode: (p to k). . . . . . . .  1.0 pf 
Heater to Cathode: (h to k). . . . . . . .  .1.3 pf 

Mounting Position-Any 

See Outline Drawing on page 3 for dimensions and electrical 
connections 

MAXIMUM RAT 
ABSOLUTE-MAXIMUM VAtUES 
Peak Inverse Plate Voltage. . Cathode. . . . . . . . . . . . . . . . . . . . . .  .SO Volts 
Steadyatate Peak Plate Curr 

. . . .  .SO Volts DC Output Current . . . .  .2.2 Milliampera Cathode . . .  
Heater-Cathode Voltage 

Heater Negative with Rapeet to 

Heater Positive with Respect to . . . . . . . . . . . . . . .  .2so c 

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

The tube manufacturer chooses these values to provide 

tially and throughout life no absolute-muximum value fer 
the intended service i s  exceeded with any tube under th 

voltage variation, equipment component variotion, equip 

AVERAGE CHARACTERISTICS 

Tube Voltage Drop 
Ib * 1.0 Milliamperes DC . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  1.0 Volts 

The tubes and arrangements disclosed +.rem may oe coverd  by patents Of 
Generol Electric Comaany or athers. He,ther thr dsmlorure of any mfarmation 
herein nor the sole of  tubes b y  General Siecrrle Cempany Conveys any IrCOnSO 
undrr patent clotms covering cambmations of tuber with othrr devices or tubes or others. 

.iementr. In !he obrence of an ~ r p r r s s  written ogreement to tne cantrary 
Genrrol Electric Company assumes no liability for potent infr~nprmsnt orisind 
out of any IS. of tho hoes with other devicos or rlements b y  any purcnorer oi  

G E N E R A L ( @  E L E C T R I C  
Superseder 7266 Description 6 Rating sheet dated 6-59 
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AVERAGE CHARACTERISTICS (Continued) 4 

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

f Heater current of a bogey tube at Ef = 6.3 volts. 
: Measured using a grounded adapter that provides shielding between external terminals of tube. 
j Operation below the rated maximum envelope temperature is recommended for applications requiring the longest 

possible tube life. The 7266 is also capable of operation at  envelope temperatures much higher than the rated 
maximum values. For specific recommendations concerning higher temperature operation, contact your General 
Electric tube s a l e  representative. 

*value, with heater supply variations restricted to maintain heater voltage within the specified tolerance. 

c 

INITIAL CHARACTERISTICS LIMITS 

Heater Curtent 

Tube Voltage Drop 

Tube Voltage Drop at  Reduced Heater Voltage 

Emission 

Plate Current 

Interelectrode Capacitances 

Ef-6.3 volts.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ef = 6.3 volts, Eb adjusted for Ib = 1 .O ma. . . . . . . . . . . . . . . . . .  

Ef = 5.7 volts, Eb adjusted for Ib = 1.0 ma. . . . . . . . . . . . . . . . . . . .  

Ef -6.3 volts, Eb  1 9  volts d e . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ef P 6.3 \*oltS, Ebb = 0 volts, Rt 40000 ohms. . . . . . . . . . . . . . . . .  

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

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

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

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

Plate to A l l  at  500 volts d-c. . . . . . . . . . . . . . . . . . . . . . . . . .  

Interelectrode Leakage Resistance 

Min. 

1 98 

0.4 

. . .  

10 

2 

0.7 
0.9 

. . .  

. .  

10000 

SPECIAL PERFORMANCE TESTS 

Bogey 

215 

1.0 

8 

1.0 
1.3 

Max. 

232 Milliamperes 

2.0 Volts 

2.3 Volts 

. . .  Milliamperes 

16 Microamperes 

1.3 Picofarads 
1.7 Picofarads 

20 Microamperes 
20 Microamperes 

31 egohms 

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

shall not give visual evidence of flashover or corona when 300 
volts RMS, 60 q s .  is applied between the plate and cathode 
terminals. 

ii 

e 

e 

b 

. - . . . .  . . .  . .  
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DEGRADATION RATE TESTS 
Fatigue 

Statistical sample vibrated for a total of six hours, three hours in each of two planes. at  a peak acceleration of 
10G. Frequency is continuously varied from 30 cps to 2000 cps and back to 30 cps, with a period of ten minutes. 
Tubes are operated during the test with Ef 16.3 volts and Ehk = + 100 volts. Following the test. tubes are 
evaluated for heater-cathode leakage and heater current. 

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 and Ehk = * 100 volts. Following the test, tubes are 
evaluated for heater cathode leakage and heater current. 

The combined Jtatistica! sample subjected to the Intermittent and Standby Life Tests are evaluated for shorted 
and open elements and'tube voltage drop following approximately 100 hours of l i e  test. 

Statistical sample operated for 1000 hours under the following conditions: E t  = 6.3 volts (cycled-on 1 ?i hours, 
off !.i hour), Ebb - 220 volts RMS, Ehk = - 70 volts d-c, RL = 0.13 meg, CL = 1 .O d, and Rs = 1300 ohms. 
Tubes are evaluated. following 500 and 1000 h o w  of life test. for shorted or open elements, heater current, tube 
voltage drop, heatcr-cathode leakage, interelectrode leakage resistance, and emission. 

Statistical sample operated for IO00 hours under the following conditions: Ef = 6.3 volts (cycled-on 1 !i hours, 
off 2; hour) no other voltages applied. Tuba  are evaluated. following 500 and 1000 hours of l i e  test, for shorted 
or open elements, heater current. tube voltage drop, heater-cathode leakage, intqelectrode leakage resistance, 
and anission. 

Statistical sample operated for 2000 cycles minimum to evaluate and control heatercathode defects. Conditions 
of test include Ef = 7.0 volts cycled for one minute on and one minute off, Eb = 6 volts, and Ehk - 10 volts 
with heater positive with respect to cathode. Following this test, tubes are evaluated for open heaters. heater- 
cathode shorts, and heatercathode leakage current. 

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

Shock 

Survival Rate Lifc Test 

Intermittent Life Tat  

Standby Life Test 
' 

Heater-Cycling Life Test 

OUtLlNE 
DRAW IN G 

Y .om- t 004- 0 9 0 ' t . w 4 " !  
DIA. OIA. - 

UIN. 
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METAL-CERAMIC TRIODE 12-61 

~~~~~~~~~~~ 

- - - . -. _ _  _. __ ._ 

DESCRIPTION AND RATING 

FOR VHF OSULLATOR AND AMPLIFIER APPLKATIONS 

The 7296 is a high-mu triode of ceramic-and-metal planar&&ction 
primarily intended for use BS an oscillator, broadband radio-frequency 
ampIi5er. or VHF power amplitier. The 7296 is espedally suited for use 
where unfavorable conditions of mcchanicaf shock, mechanical miration, 
and nuclear, radiation are encountered. 

GENERAL . 
ELECTRICAL 

Cathodc--Coated unipotential 
Heater Voltage, AC or DC *. ..... ,6.3 t0.3 
Heater Current + ................... .0.4 
Direct Intcrdectrodt Capacitances $ 

Grid to Plate: (g to p). ............ .2.2 
Input: g to (h + k). .............. .5.0 
Output: p to (h + IC). ........... .0.075 
Heater to Cathode: (h to k). ....... .2.8 

MECHANlCAt 

Mounting Position-Any 0 
Volts r 
AinpereJ 

Pf 
Pf 
Pf 
Pf 

MAXIMUM RATINGS 
ABSOLUTE-MAXIMUM VALUES 

Plate Voltage.. .................... .330 Volts 
Positive DC Grid Voltage. ............ .O Volts 
Negative bC Grid Voltage.. .......... .SO Volts 
m e  E)issipatioa.. ............... 
DC Giid Current. ................... .10 Milliamperes 
DC Cathode Current.. ............... .30 Milliamperes 
Peak cathode current. ............. i20 Miiliampetes 

Heatcr-Cathode Voltage 
Heater Positive with Respect to 

Heater Negative with Respcct to 

With Fixed Bias. ................. .O.l Megohms 
With Cathode Bias. .............. .0.18 Megohms 

plate Dissipation not over 3.3 Watts. .300 C 
Plate Dissipation up to 5.5 Watts. ... .250 C 

cathode ......................... 50 Volts 

Cathode. ....................... .50 Volts 
Grid Circuit Resistance 

Envelope Temperature at Hottest Point I 

Abs&tte-Maximvm ratings arc limiting values of operating 
and environmentat conditions applicable to any electron 
tube of a specified type as defined by i t s  published data 
and should not be exceeded under the worst probable candi- 
tiant, 

accept e 
for equipment variations, environmental variations, ond the 
effects of changes in operating conditions dve to vuriations 
ih the chamcttristics of the tube under consideration and of 

a l l  other electron devices in the equipment. 
The equipment monufaeturer 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- 

The cturer chooses these values to e voltage variation, equipment component variation, equip- 
mtnt control adjustment, faad variation, signal variation, 
environmental conditions, and variations in the choracteris- 
tics of the tube under consideration and of al l  other electron 
devices in the equipment. 

bllity of the tube, moking no a 

R. cubes and onongements disclosed henin moy be torerod by poim~h of 
General Bernie Cornpony or sthen. Neither the disclowre of ony hformotkn 
Lenin nor he mol. of hb.1 by Gmerol Ekctlic Compony comeys on). license 
4.r pomrt doinn covering combinotionr of tubes with other devices er tuber or others. 

dements. In the absence of on enpress wrinen ogrmmnt to (he controry, 
Genrrol Electric Company assumes no liobility for potmt infringement oriring 
out of any use of  4he tuber with other dovices or elements by any purchoser of 

G E N E R A L  E LECTR I C 
Svpenedes Ef-llS38A dated 2-60 

. . . . . . . . . .  
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1 AVERAGE CHARACTERISTICS 4 
. Plate Voltage. ..................... .200 Volts Transconductance. . . . . . . . . . . . . . . .  .16500 Micro& 

Cathode-Bias Resistor.. .............. .68 Ohms Plate Current. ...................... .17 Millipere 
Amplification Factor. ................ : 90 
Plate Resistance, approximate. ...... .5450 Ohms Ib = 10 Microamperes.. ........... -5.5 Volts 

Grid Voltage, approximate 

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

t Heater current of a bogey tube at Ef ~ 6 . 3  volts. 
$ Without external shield. 
I One method of mounting the 7296 is to use a stainless-steel 

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

degrees, and attachtd to the chassis or circuit board w i t h  
a 4-40 nut and lock washer. Torque used to tighten the 
nut should not exceed 3 inch-pounds. 

fic operation below the rated maximum envelope temperatures 
is recommended for applications requiring the longest 
possible tube life. The 7296 is also capable of operation 
at envelope- temperatures much higher than the rated 

ing higher temperature operation, contact your General 
Electric tube sales representative. 

! 
1 

I 

“T” bolt (see drawing) to attach the mounting base of maximum values. For specific recommendations concern- 6 

INITIAL CHARACTERISTICS LIMITS 
f Bogsy Max. 

400 430 Milliamperes 

17 24 M ~ ~ I % c s  

Min. 

Ef =6.3 volts. ............................................ .370 

Ef=6.3volts, Eb*2OOvolts, Rk=68ohms(bypassed) . . . . . . . . .  . . l o  

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

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

Ef=6.3 volts, Eb=100 volts, Ec-0 volts.. . . . . . . . . . . . . . . . .  .13000 

Et = 6 3  volts. Eb = 200 volts, Ib = 10 pa. . . . . . . . . . . . . . . . . . . . . . . .  

Grid to mate (g to p) ...................................... .1.9 

Heater Current 

mate current 

Transconductance 

Amplification Factor 

Zero-Bias Transconductance 

Grid Voltage Cutoff 

Interelectrode Capacitances 

Input: g to (h + k). ...................................... .3.7 
Output: p to (h + k). ........................ 
Heater to Cathode: (h to k). 

(bypassed), Rg =0.18 meg. ................................... 

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

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

Ef 16.3 volts, Eb = 200 volts, Ecc = - 1.0 volts, Rk 168 ohms 

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

Heater Negative with Respect to Cathode.. . . . . . . . . . . . . . . . . . .  
Interelectrode Leakage Resistance 

Ef = 6 3  volts. Polarity of applied d-c interelectrode voltage 
is such that no cathode emission results. 

Grid to  All a t  100 volts d c .  ..................... 
Plate to All a t  300 volts d c  ................... 

Grid Emission Current 
ET-7.0 volts, Eb-200 volts, Ecc= -15 volts, Rg10.18 meg . . . . .  

16500 20000 Miaomhos 

90 115 

..... Miaomhos 

-9.5 Volts 

20000 

-5.5 c 
2.2 
5.0 

0.075 
2.8 

2.5 pf 
6.3 pf 
0.1 pf 
3.5 pf 

0.5 Microamperes ..... 

20 Microamperes 
20 Microamperes 

..... 

..... 

ki 

..... ..... Megohms 
..... . . * * .  Megohms 

..... 2.0 Microamperes 

b 
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Min. Bogey Max. 
............ .1.6 2.0 ..... watts 

... .320 ..... ..... 
Tubes arc tested for pulse emission under the following condi- 
tions: Ef = 6.3 volts, Eb 1200 volts, Ec = -20 volts, egk = 
+12 volts, prr=lOOO pps, duty cycle IS;. Pulse cathode 
current is measured. 

Grid Recovery. ... .Change in Average PIate Current. . .  . . . .  . 1.0 M i u i a m w  
Peak Plate Current Backswing. ..... ..... 2.0 

Tubes with poor grid rccsvay affect circuit operation, wh 
the grid is driven positive by a pulse of signai or noise, some- 
what as if a parallel RC circuit were in series with the grid. 
This &et may occur in tubes of any type, but is unimportant 
in many applications. fa the majority of 7296 tubes the effect 
is negligible, but to eliminate the few in which it nay be ex- 
cessive, tubes are tested under the following conditions: 
Ef-6.3 volts, Ebb-250 volts, RL*O.O1 meg. E t  is ad- 
justed for Ib = 10 ma. 
Upon application to the grid of a puke driving it 3 volts 

positive with respect to cathode (prr 160 pps, duty cycle - 
0.12%) the change in average plate current is noted, and the 
peak plate current backswing is measured. The following 
diagraxn shows qualitatively the plate current-time rela- 
tionship far a tube (with poor grid recovery) subjected ta this 
twt: 

AVERACE cuaREw BEFORE PULSES inc APPLIEO 

PEAK PULSE CURRENT 

c E 
E 
U 
w 
I- < 
d 

Tl ME 

Low Frequency Vibrational Output.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... 
Statisticar sample is subjected to vibration in each of two 
planes at 40 cps, with peak acceleration 15 Q. Tube is oper- 
ated with Ef -6.3 volts, Ebb = 200  volt^, Rk - 68 ohms (by- 
passed), R' = 2000 ohms. 

The tube is designed to be free of vibrational outputs in ex- 
cess of 100 mv RMS at any frequency within the range 100- 
2000 cps, when vibrated in either of two planes at 10 0 peak 
acceleration. Electrical conditions for this test are the same 
as for Low Frequency Vibrational Output. 

Variable Frequency Vibrational Output 

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

Fatigue 
statistid -PIC vibrated for a total of six hours, three hours in each of two planes, at a peak acceleration 
d 10 G- Frrquenc~ 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 = 200 volts, and Ftk -68 ohms. Following 
the tctt. tubes are evaluated for low frequency vibrational output, heatercathode leakage, heater current, 
aad t T a m a m d U ~ n c C .  

Shock 
statistical Sample subjected to 5 impact accelerations of approximately 600 G in each of four positions. 
The aorrltrating forces are applied by the Navy-type, High Impact (flywaght) Shoek Machine using a 42O 
hammtr angle Tubes arc mounted by T-bolt with 3 inch-pounds torque, and operated during the test with 
Ef96.3 volts, Eb-200 volts, Ehk=+lOO volts, RgmO.1 Meg, and Rk568 ohms. Followin$ the test, 
tubes 8fe evaluated for low frequency vibrational output, heater-cathode leakage, heater current, and 
transamducranct, 

The ~tatktical sample subjected to the Dynamic Life Test is evaluated for percent change in rero-bias 
transconductance of individual tubes, from the initial reading to readings following 2 hours and 20 hours 
of the He tcJt. 

The combined statistical samples subjected to the Dynamic and Pulse Life Tests are evaluated for shorted 
and open dements following approximately 100 hours of life test. 

Statistical sample operated, with a 60 cps grid signal, at maximum rated DC grid current and cathode CUT- 
rcnt for a period of 1000 hours. Heater voltage is cycled (on 134 hours, off % hour). Tubes are evaluated, 
following SO0 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 ma peak cathode current, IS; duty cycle, for 1000 hours. Heater volt- 
age is cycled (on 1 % hours, off fd hour). Tubes are evaluated, following 500 and 1000 hours of life test. for 
shorted or open elements, heater current, pulse emission, and heater-cathode leakage. 

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

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

Stabilii Life Ted 

Survival Rate Life Test 

Dynamic Life Test 

Pulse Llfe Tart 

Interioce Life  lest 

Heater-Cycling Life lesl 

c 
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AVERAGE PLATE CHARACTERISTICS 
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-PRODUCT INFORMATION - 
Planar Triode 

"FOR GROUNDED-GRID CLASS C 
* OSCILLATOR APPLICATIONS 

Page 1 1066 

5 1  

The 7391 is 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 emall size, planar electrode construction with close 
spacing, inherent rigidity, and an envelope structure convenient for coaxial circuit  
applications. 

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

GENERA& 

V 

u 

v 

ya 

ELECTRICAL 
Cathode' - Coated Unipotential 
Heater Characteristics and Ratings 
Heater Voltage, AC or Dek. 
Heater Current* . . . . . . . .  0.38 
Cathode Heating Time, minimum . . .  60 
Direct Interelectrode Cqpacitances$ 

Grid to  Plate: (g t o  p) . . . .  1.58 

. . .  6.3-iO.3 

Grid to  Cathode and Heater: 

Plate to Cathode and Heater: 
to (h + k) 6 3.25 

p to (h + k) . . . . . .  0.0158 

Volts 
Amperes 
Seconds 

Pf 

Pf 

Pf 

MECHANICAL 
Operating Position - Any. 

Cooling - Conduct id  
Wet Weight, approximate . . . . .  116 Ounce 

MAXIMUM RATINGS 
ABSOLUTE-MAXIMUM VALUES 
Plate Volrirge. . . . . . . . . . . . . . . . . . .  
Negative DC Grid Voltage . . . . . . . . . . . . . . . .  
PlateDissipation . . . . . . . . . . . . . . . . .  
DC Plate Current. . . . . . . . . . . . . . . . . .  
DC Grid Current . . . . . . . . . . . . . . . . . .  
DC Cathode Current . . . . . . . . . . . . . . . . .  
Envelope Temperature at  Hottest Point. . . . . . . . . . .  

. . . . .  . 2 0 0  . . . . .  . I f  . . . 2.25 
* . . . * e 1 5  . . . . .  . 3 . 0  
. , . . . . 1 5  . . . . .  . l S O  

volt8 
Volts 
Watts 
Milliamperes 
Milliamperes 
Milliampere6 
C 

Absolute-Maximum ratings are limiting values of operat- 
d envir6nmeintal coditions applicable to ahy elektrbn 

tube of a specified type as defined by its published data 
and should not.be exceeded under the worst probable 
conditions. 

The tube manufacturer chooses these values ta provide 
acceptable serviceabitity 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 ffre tube under consideration and of 

all other electron devices in the eqw'pment. 
The equipmirnt manufa 

tially and throughout life maximum valve for 
the intended service is exceeded with any tube under the 
worst probable operating conditions with respect to supply- 
voltage variation, equipment component variatbn, equip- 
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in the characteris- 
tics of the tube under consideration and of all other electton 
devices in he equipment. 

W G E N E R A L  E L E C T R  IC 
Supersedes EToT1614A dated 12-61 

Y .. 
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10-66 i CHARACTERISTICS AND TYPICAL OPERATION 

I 

I 
.I 

AVERAGE CHARACTERISTICS 
Platevol tage.  . . . . . . . . . . . . . . . . . . . . . . .  . 175  Volts 
Grid Voltage . . . . . . . . . . . . . . . . . . . . . . . .  -1.5 Volts 
AmplificationFactor . . . . . . . . . . . . . . . . . . . . . .  62 
Transconductance. 11000 Micromhos 4 
Plate Current. . . . . . . . . . . . . . . . . . . . . . . . .  LO Milliamperes 

CLASS C CW OSCILLATOR-GROUNDED-GRID COAXIAL-TYPE CIRCUIT 
Frequency . . . . . . . . . . . . . . . . . . . .  500 1000 5400 Megacycles 
Platevol tage.  . . . . . . . . . . . . . . . . .  150 150 150 Volts 
Plate Current. . . . . . . . . . . . . . . . . .  12 12 12 Milliamperes 
G r i d c u r r e n t .  . . . . . . . . . . . . . . . . .  3.0 3 .O 3.0 .Milliamperes (I 
Power Output . . . . . . . . . . . . . . . . . .  500 250 

. . . . . . . . . . . . . . . . . . . . . .  
1 

- -  
NOTES 

* The equipment designer should design the e q u i m n t  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 heater voltage within the specified 
tolerance. 

* Heater current of a bogey tube a t  Ef = 6.3 volts.  
0 Without external shield.  
T The electrical connections t o  the p la te  and cathode must provide good thermal conductivity from these 

electrodes. The p la te  contact m u s t  be suf f ic ien t ly  f lexible  t o  keep the  lateral force on the p la te  
terminal a t  a minimum. 

I tr 

, 
(r 

INITIAL CHARACTERISTICS LIMITS 
I 

I Heater Current Minimum Bogey Maximum 
I E f - 6 . 3 v o l t s  . . . . . . . . . . . . . . . .  360 380 400 Milliamperes 

Grid Voltage 

Transconductance 

Amplification Factor 

Ef = 6.3 vol ts ,  Eb = 175 volts,  Ib  10 m a .  . . . . . .  -0.7 -1.5 -2.55 Volts c 
Ef = 6.3 volts,  Eb = 175 volts,  Ec adjusted for  Ib  = 10 ma. . 8000 11000 13500 Micromhos 

Ef - 6.3 volts,  Eb = 175 volts,  Ec adjusted for  Ib = 10 ma. . 46 62 80 
Grid Voltage Cutoff 

Interelectrode Leakage Resistance 
Ef = 6.3 volts,  Eb - 175 volts,  Ib  = 100 pa. . . . . . .  -2.4 -4.2 

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

Grid t o  Cathode and Heater a t  45 vol ts  d-c . . . . . .  0.25 --- 
Grid to  Plate a t  500 vol ts  d-c . . . . . . . . . .  5.0 --- 

Grid t o  Plate: (g t o  p) . . . . . . . . . . . . .  1.40 1.58 
Grid t o  Cathode and Heater: g t o  (h + k) . . . . . . .  2.60 3.25 

Interelectrode Capacitances 

Plate  t o  Cathode and Heater: p t o  (h + k) . . . . . .  0.010 0.0158 

SPECIAL PERFORMANCE TESTS 

-7.0 Volts 

--- Megohms --- Megohms 

1.80 pf 
3.95 pf 

0.023 pf 

5400 Megacycle Oscil lator Power Output 
Ef = 6.3 volts,  Eb = 150 volts,  Rg = 2000 ohms, Ib = 15k0.5 ma, 
F=5400MC, min. . . . . . . . . . . . . . . .  30 65 --- M i  11 iwa t ts &I 

DEGRADATION RATE TESTS 
500-Hour Life 

S ta t i s t i ca l  sample operated for  500 hours t o  evaluate changes i n  power output and transconductance with 
l i f e .  
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ALIGNMENT GAUGE PHYSICAL DIMENSIONS 

PLATE TERMINAL 

HEATER TaRMINAL 

GETTER TERMINAL 
(DO NOT USE FOR ANY 
DC OR RF CONNECTION) 

HEATER TERMINAL 
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METAL-CERAMIC TRlODE 

DES CRI PTI 0 N AND RATING--- 
The 7462 is a high-mu triode of ceramic-and-metal planar const&tion 

primarily intended for radio-frequency amplifier service from low frequencies 
into the ultra-high-frequency range. It is similar to the 7077 in character- 
istic~ but diffm in having terminal lues for use in print-board &&s. 

GENERAL 
~~~ - ~ 

ELECTRICAL 
CathodcCoated Unipotential 
Heater Characteristics and Ratings 
Heater Voltage, AC or DC*. .............. .6.3 ~ 0 . 3  Volts 
Heater Currentt ............................ .0.24 Amperes 
Direct Interelectrode Capacitances $ 

Grid to Plate: (g to p). .................... .1.25 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 
Mounting Position-Any 

and elcctricd connections. 
sct Outline Drawing on page 2 for dimensions 

MAXIMUM RATINGS 
ABSOLUTE-MAXIMUM VALUES Heater-Cathode Voltage 
Plate Voltage. .................... .2SO Volts 
Positive Peak and DC Grid Voltage. ..... 0 Volts 
Negative Peak and DC Grid Vokage. .. 50 Volts 
Rate Dissipation. .1.1 Watts Bias$. ........................... .0.01 Megohms 
DC Cathode Current. .............. .ll Milliimpaes Bulb Temperature a t  Hottest Point9 250 C 

Heater Positive with Resped to 

Heater Negative with Respect to 

Grid-Circuit Resistance, with Fixed 

cathode. ....................... so Volts 

Cathode. ...................... .SO Volts 

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

Absolute-Maximum ratings are limiting values of operating 
and environmental conditians applicable .to any electrPn 
tube of a specified type as defined by its published data 
and should not be exceeded under the worst probable condi- 
tims. 

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

ail other etectron devices in the equipment. 
The equipment manufacturer should design SO that ini- 

tially and throughout life no obsolute-maximum value for 
the intended service i s  exceeded with any tube under the 
worst probabie operating conditions with respect to rupply- 
voltage variation, equipment component variation, aquip- 
ment control adjustment, load variation, signal variation, 
environmental conditions, and variotions in the characteris- 
tics of the tube under consideration and of all other electron 
devices in the equipment. 

CHARACTERISTICS AND TYPICAL OPE 
AVERAGE CHARACTERISTICS 
Plate Voltage.. ................... .150 Volts Plate Resistance, approximate.. .... .go00 Ohms 
Grid Voltage. .................... +6.0 Volts Transconductance. ............... 10500 Micromhos 

Rate Current.. .................... .7.2 Milliamperes 
Cathode-Bias Resistor. ............. ,910 Ohms Grid Voltage, approximate 
Amplification Factor. ............... .94 Ib = 100 Microamperes. .......... -2.4 Volts 

G E N E R A L  ELECTRIC 
Superredas 7462 0 & R sheet ET-n540A, dated 2-60 
" 
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FOOTNOTES 
* The equipment designer should design the equipment 50 that heater voltage is centered 

t Heater current of a bogey tube at  Ef 16.3 volts. 
3 Without external shield: 
0 If a cathode bias resistor is used, the grid-circuit resistance may be as high as (10,000+100 Rk+RL) ohms, 

where Rk is the value of the cathode-bias resistor in ohms and RL is the value of the plate-load resistor 
in ohms. 

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

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

, I -. .* 

-- 

i.015" 

The tubes and orrongements disclosed herom moy b e  covered b y  patanh of 
Generol Electric Compony or others. Neither the disclosure of any infomotion 
herein nor the d e  of tuber by  Generol Electric Compony conveys any license 
undn potent cloims cwering combinations of tubes with other devices or tubes or others. 

elements. In the obrence of on express written ogreement to the controry 
General Electric Compony ossumes no liability for potent infringement orisin; 
ouf of any use of the tubes with other devices or elements by  any purchaser of 

c 

6 

6 

c 

b 

c1 

INITIAL CHARACTERISTICS LIMITS 
Min. Bogey Max. 

Heater Current 

Plate Current 

Transconductance 

Amplification Factor 

Ef=6.3 volts.. . . . . . . . . . . . . . . . . . . . . . . . . .. _ .  . . . ._. .  . .. .. ... . .. . 

Ef = 6.3 volts, Eb 14 150 volts, Rk = 82 ohms (bypassed). . . . . . . . . . . . . . 

Et = 6.3 volts, Eb - 150 volts, Ec= +6 vglts, Rk -910 ohms (bypassed). . 8000 10500 13000 Micromhos 

222 

4.5 

240 258 Milliamperes 

7.5 11 Milliamperes 

t 
Ef = 6.3 volts, Eb = 150 volts, Ec = +6 volts, Rk = 910 ohms (bypassed). . 65 94 115 
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INITIAL CHARACTERISTICS LIMITS (Continued) 

u -  
Min. Bogey 

Tr&smnductance Change with Heater Voltage 
Merence between transconductance at Ef = 6.3 volts and trans- 
conductance a t  Ef ~ 6 . 0  volts (other conditions the same) ex- 

, pressed as a percentage of transconductance at Ef - 6.3 volts. .............. ..... 
Grid Voltage Cutoff 

lnterdectrode Capaatances 
Ef-6.3 volts,Eb=150 volts, Ib-100 pa.. .............................. -2.4 

\ 

W Grid to Plate: (g to p) .... .................................... 1.05 1.25 
Input: g to (b+k). .............................................. 1.25 1.8 
Output: p to (h+k). ........ ................................. 0.013 0.032 
Heater to Cathcde: (h to k). ...................................... 1.1 1.5 

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

Heater-Cathode Leakage C-t 
Ef = 6.3 volts, Ehk 100 volts - 

..... w ............................ 
Interelectrode Leakage Resistance 

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

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

Ef=7.0volts,Eb=100volts,Ecc--€Ovolts,Rg-O.lmeg. ............... ..... Grid Emission Current 

Max. 

15 Percent 

-4.5 Volts 

1.45 pf 
2 . h  pf 

0.045 pf 
1.9 pf 

..... Megohms 

..... Megohms 

2.0 Microamperes 

Y 

Y 

SPECIAL PERFORMANCE TESTS 
Low Fr&uency Vibratiod Output 

Statistical sample 0 subjected to vibration in each of two planes 
at 40 cps, with peak amlaation 15 G. Tube is opcrated with 
Ef 6.3 volt& Ebb 150 volts, Rk -82 okms (bypassed), RL 
10000 ohms. ......................................................... ..... 10 Millivolts RMS 

Variable Frequency Vibrational Output 
Statistical sample is subjected to vibration according to the pro- 
cedure given below. Tube is operated with Ef m 6.3 volts, Ebb - 
150 volts, Rk-82 ohms (bypasScd) R~~lOOOO ohms.. .................... ..... 15 Miivolts RMS 

The variable-frequency vibration test shall be performed as follows: 
1. 

2. 

The frequency shall be increased from 100 to 2000 cps with approximately logarithmic prognssion in 3 * 1 minutes. 

The tube shall be Gbmted with simple harmonic motion ib each of two plana: first, paralld to the cyliidrical 
axis: second, perpcndidar to the cylindrical axis and parallel to a line through the major axis of a terminal lug. 
At all frequendes from 100 to 2000 cps, the total harmonic distortion of the acceleration waveform shall bc less 
than 5%. 
The peak acceleration shall be maintained at 10 1.0 G throughout the test. 
The value of the alternating voltage produced across the load resistor (RJ, as a result of the vibration, shall be 
measurcd with a suitable device having a response to the RMS value of the voltage to within 10.5 db of the re- 
sponse at  400 cps for the frequency range of 100 to 3000 cps, and having a band-pas filter with r v ~  attenuation rate 
of 24 db per octave below the low frequency cutoff point of 50 cps and above the high frequency cutoff point of 
5000 cps. The meter shall have a dynamic response characteristic equivalent to or faster than a W meter (oper- 
ated in accordance with ASA Standard No. C16.5-1954). 

The return sweep (2000 to 100 cps) is not required. ' c  

w 

3. 
4. - 

Y 

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

e3 

P 
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DEGRADATlON RATE TESTS 
Fatigue 

Frequency is continuously varied from 30 cps to 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 a 150 volts, and Rk = 82 ohms. Following the test, tubes are evaluated for low 
frequency vibrational output, heatercathode leakage, heater current, and transconductance. 

Shock 

Statistical sample vibrated for a total of six hours, three hours in each of two planes, at a peak acceleration of 10 G. c 

Statistical sample subjected to 5 impact accelerations of approximately 450 G in each offour positions. The accelerating 

during the test with Ef = 6.3 volts, Eb = 150 volts, Ehk = + 100 volts, Rg = 0.1 meg, and Rk = 82 ohms. Following the test. 
tubes are evaluated for low frequency vibrational output, heatercathode leakage, heater current, and transconductance. 

Stability Life Test 

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

Survival Rate life Test 

conductance, following approximately 100 hours of life test. 

forces are applied by the Navy-type, High Impact (flyweight) Shock Machine using a 30' hammer angle. Tubes are operated Q 

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

c 

The statistical sample subjected to the Intermittent L ie  Test is evaluated for shorted and open elements, and trans- 

Intermittent l ife Test 
Statistical sample operated 1000 hours under the following conditions: Ef 6.3 volts, Eb = 150 volts, Ecc = +6 volts, 

Ehk = - 70 volts, Rk = 910 ohms, Rg = 0.1 meg. Heater voltage is cycled (on 1 hours, off hour). Tubes are evaluated, 
following 500 and 1000 hours of l i e  test, for shorted or open elements, heater current, transconductance, heatertathode 
leakage, and interelectrode leakage resistance. 

interface life Test 

interface resistance following the life test. 

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

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

c Statistical sample operated for 500 hours with Ef = 6.6 volts, no other voltages applied, and evaluated for cathode 
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. FOR UHF OSClLLATOR AND POWER AMPLIFIER 
APPLlC NS 

DESCRIPTION AND RATING 
The 7486 is  a high-rnu triode of ceramic-and-metal planar construction 

intended for use as an asallator or radio-frequency power ampliia in the 
ultra-high-frequency range. The 7486 is espcdally suited for use where un- 
favorable conditions of mechanical shock, mechanical Vibration, and nudear 
radiation are cncouatered. 

GENERAL 

ELECTRtCAL 
Cathode-Coated Unipstentiat 
Heater Characteristics and Ratings 
Heater Voltage, AC or De*. .... .6.3 t0.3 
Hiita Current. ................... .0.24 Ampera 
D i r e  Intcrdeatode CapacitanmS 

Volts 

Grid to Plate: (g to p). ............. 1.0 pf 

Output: p to (h+k). ............. .0.01 pf 
Input: g to (h+k). ............... .le? pf 

Heata to Cathode: (hto k). ....... .1.1 pf 

MECHANICAL 

See Outline Drawing on page 3 for dimensioru and cla 
trical connections 

lMUM RATINGS 
ABSOLUTE-MAXIMUM VALUES 
Plate Voltage. ...................... Heater-Cathode Voltage 
Positive DC orid Voltage. .......... 
.Negative DC Grid Voltage. .. 
Plate Dissipation. .......... 
DC Grid Current. .......... 
DC Cathode Current. .......... 

Heater Positive with Respect to 

Heater Negative with Respect to 
cathode ......................... 50 Volts 

cathode ......................... 50 Volts 
Grid Circuit Resistance. .lOOOO Ohms .......... 
Envdope Temperature at Hottest 

Peak Cathode Current. .............. .40 Milliamperes Poiat$ ........................... 250 C 

- ' 
Absolute-Maximum ratings are limiting values of operating 

and environmental conditions applicable to any electron 
tube of Q specified type as defined by i t s  published data 
and should not be exceeded under ?he worst probable eondi- 
tions. 

the ?&e manufacturer chooses these values to provide 

all other dectron devices in the equipment. 
f i e  equipment manufacturer should design SO thot ini- 

tially and throughout life no obrolute-maximum.va!ue for 
the intended rem'ce i s  exceeded with any tube under the 
worst probable operating conditions with respect to wpply- 
voltage variation, equipment component variatfon, equip- 

load variation, signal variation, 
and variations in the draractcris- 
ideration and of all other electron 

" 

I 

Tho tubor and ormngomontr dlrclored heroin may bo rovorrd by potontr of 
Conoral floctrk Company or othors. Neither the disclosure of ony information 
k r o h  nor tho wlo of tubor by G*n*rol Ektr ie  &pony ~ ~ n v o y s  m y  liceme 
under potent claims covering combinations of tubor with ether d.rkos or 

domentr In tho obaenco of on orprosr writton ogmwont (0 tho contrary, 
General UoCtrk Company ossunnos no liability for potent infringommt oridng 
out of a n y  ua. of tho tuboa with other dwkn or olomonta by ony purchaser of 
tubn or others. 

G E N E R A L @  ELECTRIC. 
! Superseder E'bT.nS31 dated 6-59 



~ 

- *  

cr 7486 
Page2 ’ 
l o d l  

c 
4 

CHARAGTE~ISTOCS AND TYPICAL OPERATICM 
AVERAGE CHARACTERISTICS 
plate Voltage. ....................................................... 100 150 Volts 
Grid Voltage. ........................................................ 0 ..... Volts 

Amplication Factor.. ................................. ................. 
Transconductance. ................................... ............ 11500 

Cathode-Bii Resistor.. .................................................... 82 Ohms 

......................... +. ...................... 8.0 7.5 Millimpera,, 

mate Voltage. ....................................................... 150 150 Vdts 

PlateCurrrnt ........................................................ 8.0 8.0 Milliampetet 

Power Output, approximate.. .......................................... 450 300 Miiwattr 

Grid Resistor.. ....................................................... 1000 1000 Ohms 

G r i d c u r r e .  .... ..: .................................................. 2.0 2.0 Milliamperes 
Frequen ............................................................. 450 1200 Megacycles 

Class C RF Amplitiet 
Plate Voltage. .................................................................. 150 Volts 
GridRuistor.. ................................................................. 3000 Ohms 
Rate Current. .................................................................. 5.0 Milliamperes 

Frequency ...................................................................... 450 Megacydes 
Power Output, approximate.. ...................................................... 300 Milliwatts 

Gridcurrent .................................................................... 1.0 Milliamperes 

4 

5 

FOOTNOTES 
* The equipment designa should design the equipment SO 

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

betwtm external terminals of tube. 

t Opaationbdowtheratedmaximumenvelopetemperature 
b recomrncnded for applications requiring the longest 
possible tube lie. The 7486 is also capable of operation at  
envelope temperatures much higher than the rated maxi- 

t Heater current of a bogey tube at  Ef 06.3 volts. mum values. For specific recommendations concerning 
2 Measured using a grounded adapter that provides shielding higher temperature operation, contact your Gmaal 

Electric tube sales representative. 

4 

INITIAL CHARACTEI~ISTICS LIMITS 
c . Min. Bogey Max. 

Hcata Current .......................................... 
~ Ef=6.3volts 222 240 258 M i m p e r e s  

mate Current 

Zao-Bias Transconductance 

Transconductance Change with Hcata Voltage 

Ef=6 .3~o l t s ,Eb~ lSO~ol~Rk~820hmo(bypatsed)  ..... 4.5 

Efs6.3 volts, Eb=lOO volts, Ec-0 VOI ts... .............. 
Difference between Zero-Bias Transconductance measured at 
ET= 6.3 volts and Ef - 6.0 volts (other conditions the same) 
expressed as a percentage. ................................... 

8000 

..... . 11 Miliampaes 

11500 ..... Micromhos 

..... 20 Percent 
Amplification Factor 

Ef = 6.3 VOI~S, Eb - 150 volts, Rk -82 ohms (bypassed). .... 65 90 115 

c 

L 
Grid Voltage Cutoff 

IEf = 63 volts, Eb = 150 volts, Ib - 100 H. ..................... -2.4 -4.5 Volts 
Intaelectrodc Capacitances 

Grid to Plate: (g to p). ................................ 0.84 1.00 1.16 Picofarads ......................... ..... Input: g to (h+k). .:. .:. 1.25 1.70 215 Picofarads 
Output: p to (h+k). 0.010 0.016 Picofarads 0.004 

1.10 1.40 Picofarads 
................................... ........................... H a t e  to Cathode: (h to k),. 0.80 

-. 

c 
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CTERISTICS LIMITS (Continued) 
Heater-Cathode Leakage Current Min. Bogey Max. 

Ef = 6.3 volts, Ehk 100 vdtr 
Heater Positive with Respect to Cathode. ................. ..... 20 Miaoampacs 
Heater Negative with Respect to Cathode. ................ ..... 20 Miaoampaes 

Interelectrode Leakage W i  
. Ef 0 6.3 volts. Polarity of applied dc interdectrode voltage 

is such that no cathode &ion results. 
Grid to AU at 100 volts d c .  ....................... 100 ..... ..* .. rnegobms 
Plate to AU at 300 volts d-c. .................... - .. 100 ..... ..... Megohms 

Efm7.0 volt$, Eb-190 volts, Ecc- -20 uolts, R g ~ 0 . l  meg ..... ..... 2.0 Mlaoamperer 
Grid EmissiOa C&t 

SPECIAL PERFORMANCE TESTS 
Min. Boaw Max. 

1200 Megacycle OscUator Power Output. ..................... 200 ..... ..... Milliwatts 
Tuba arc tested for power output as an adlator  under the Eb=150 voIts, Rg-1000 ohms, fb-8.0 ma maximum, 
following conditions: F-1200 mc*SO mc, Ef-6.3 volts, I~el.6-2.0 m8 

Pulse Exnission. .................................. ..... 90 ..... ..... Millhnpcres 
Tubes are tested for pulse anission under the following 
conditions: E f ~ 6 . 3  volts, Eb= 150 volts, Ec- -lO-voIts, 

qk* +7 V, prr-I000 pps, duty factor=O.01. Pulse 
cathode current is measured 

0.6 Milliamperes 
Grid Recovery 

Change in Average mate Current. ................................... 
Peak Plate Current Backswing. ............................... ..... 1.0 Miltiampera 

Tuba 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 
d d .  This effect may occur in tuba  of any type, but is 
unimportant in many applications. In the majotity of 7486 
tubes the effect is n e, but to &&ate the few in,whkh 
it may be exctssiv are tested under the fOn 
dition~: Ef -6.3 VOIU, Ebb 

adjusted for Ib03.0 ma. 
Upon application to the grid of a 5-volt positive pulse 
fprrr6O pps, duty factor =0.0012) the change in average 
plate current is notsd, and the peak plate current backswing 
is measured. The f o l h h g  diagram 8hOWS qualitatively the 
plate current-time r&tions%p for a tube (with poor grid 
?Way)  6ubjcctcd to this tcst. 

250 v&, Rt ~0 .01  mtg 

OUTLINE DRAW1 PLATE CURR€NT VS TIME- 
VERY TEST 

1 AVERACE CUIIRtNT BEFORE WLSES ARE APCLIED 
WAR WlUt CURRENT 

nut 

14oximtnn eccentricity of -enter line of grid ring 
anode, grid, and cathode used as reference line for 
0.009 from center line. 

2-Maximum eccentricity of GBottom surface of grid ring 
insulators 0.010' from cen- used as reference line for 
ter line. 

horfrantal tolerances. 

verticof tolerances. 
I. 
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SPECIAL PERFORMANCE TESTS (Coniinued) 

Min. Bogey Max. 
. . . . . ..... tow Frequency Vibrational Outpu,.. . . . . . . . . . . . . . . . . . . . . . . . . . 10 Millivolts RMS 

Statistical sa*le is subjected to Vibration in each of two 
plana at 40 cps, with peak amleration 150. Tube is 

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

Variable Frequency Vibrational Output 
designed to be free of vibrational outputs in 

excess of 15 mv RMS a t  any frequency within the range 
100-2000 cps, when vibrated in either of two planes a t  1OG 

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

5 
peak acceleration. Electrical conditions for this test are the 
same as for Low Frequency Vibrational Output. 

when 30Q.volts RMS. 60 cpa, is applied between the prate & 
and grid terminals. 

DEGRADATION RATE TESTS 
Fatigue 

Statistical sample vibrated for a total of six hours, three hours in each of two planes, a t  a peak acceleration of 4 
1OG. Frequency is continuously varied from 30 ~ p s  to 2000 cps and back to 30 cps, with a period of ten minutes. 
Tubes are operated during the test with Ef = 6.3 volts, Eb = 150 volts, and Rk = 82 ohms. Following the test, 
tubes are evaluated for low frequency Vibrational output, heater-cathode teakage, and heater current. 

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

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

Stability Lie Test 

Survival Rate Life Test 
The combined statistical samples subjected to  the Dynamic and Pulse Life Tests are evaluated for shorted and 
open dements following approximately 100 hours of life test. 

Dynamk L i e  Test 
Statistical sample operated, with a 60 cps grid signal, a t  maximum rated DC grid current and cathode current c1 
for a period of 10oO hours. Heater voltage is cycled (on 1 s/i hours, off !5 hour). T u b e  are evaluated. following 
500 and 1000 hours of life test, for shorted or open elements. heater current. oscillator power output, zero-bias 
transconductance, heater-cathode leakage, and interelectrode leakage resistance. 

Pulse Life Test 
Statistical sample operated with 120 ma peak cathode current, 0.01 duty factor, for IO00 hours. Heater vdtage 

or open elements, heater current, pulse cathode current, heater-cathode leakage, and interelectrode leakage 
resistance. 

Interface Life Test 

is cyded (on 195 hours, off % hour). Tuba  are evaluated, following 500 and 1000 hours of Me test, for shorted @ 

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

Statistical sample operated for 2000 cycles minimum to evaluate and control heater-cathode defects. Conditio= 
of test include Ef = 7.0 volts cycled for one minute on and one minute off, Eb =Ec PO volts, and Ehk = M volts 
with heater positive with respect to cathode. Following this test, tubes are evaluated for open heater% heater- 
cathode shorts, and heater-cathode leakage current. 

Note: The conditions for some of the indicated tests have deliberately been selected to  aggravate tube failures foe 

G Heater-Cydig Life Test 

c - 

test and evaluation purpobes. In no sense should these conditions bc interpreted as suitable circuit -rating 
conditions. 4 

'c, 
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AVERAGE CONSTANT-CURRENT CHARACTERISTICS 
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-- - DESCRIPTION AND RATING 

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

GENERAL 

ELECTRICAL 
CathodtCoated Unipotential 
Heater Characteristics and Ratings 
Heater Voltage, AC or DC*. . . . . . . . . . . .  .6.3 -0.3 Volts 
Heater Current?. ......................... .0.4 Amperes 
Direct Interelectrode Capacitances$ 

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

=- 

MECHANICAL 
Mounting Position+ 8 
See Physical Dimensions on page 4 for dimensions and elec- 
trical connections. 

MAXIMUM RATINGS 
ABSOLUTE-MAXIMUM VALUES Heater-Cathode Voltage 
Plate Voltage. ........................ .300 Volts 
Positive DC Grid-to-Cathode Voltage. . 
Negative DC Grid Voltage.. .SO Volts With Fixed Bias. . . . . . . . . . . .  . . .  .0.025 Megohms 

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

Grid Circuit Resistance . . . . . . . . . . . . .  
Plate Dissipation. ... With Cathode Bias . . . .  .0.1 Megohms 
DC Cathode Current.. . . . . . . . . . . . . . . . . . .  .30 Milliampere Envelope Temperature at  Hottest Point. . .250 C 

Absolute-Maximumsatings are limiting values of operating 
and environmental conditions applicable to any electron 
tube of a specified type as defined by i t s  published data 
and should not be exceeded under the worst probable tondi- 

be manufacturer chooses these values to provide 
acceptable serviceability of the tube, making no allowance 
for equipment variations, environmental variations, and the 
effects of changes in operating conditions due to 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 Iife no absolute-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 characteris- 
tics of the tube under consideration and of all other electron 
devices in the equipment. 

CHARACTERISTICS AND TYPICAL OPERATION 
AVERAGE CHARACTERISTICS 

Positive Grid Voltage.. . I .  .6.0 Volts Grid Voltage, approximate 

Plate Resistance, approximate.. . . . . . . . .  ,3900 Ohms 
Transconductance. . . . . . . . . . . . . . . . . . .  .45000 Micromhos 
Plate Current. . . . . . .  Plate Voltage. ........................ .200 Volts 

Cathode-Bias Resistor.. . . . . . . . . . . . . . . . .  .270 Ohms 
Amplification Factor. . . . . . . . . . . . . . . . . . .  ,175 Noise Figures. . . . . . . .  . . . . . . .  .3.0 Decibels 

. 
. .  .24 Milliamperes . . . .  . . . . . . . . . . .  

Ib = 100 Microampere. . . . . . . . . . . . . . . .  - 5 Volts 

/ish 

G E N E R A L @  E L E G T R I G  
Superseder 7588 0 & R Sheet ET-ll620, dated 6-60 

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

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

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

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

The tubes and arrangements disclosed herein may be  covered by  potents of 
Generol Electric Compony or others. Neither the disclosure of any informotion 
herein nor the sole of tubes by  Generol Electric Company conveys ony license 
under patent cloims covering combinations of tubes with other devices or tubes or others. 

elements. In the obsence o f  an express written agreement to the contrary 
General Electric Compony ossumea no liability for potent infringement orisin; 
out of ony use o f  the tubes with other devices or elements by any purchoser of 

INITIAL CHARACTERISTICS LIMITS 
Bogey 

400 

M a .  
G 

Min. 

Ef-6.3 volts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  370 
Heater Current 

Plate Current 

Transconductance 

Amplification Factor 

Transconductance Change with Heater Voltage 

Ef -6.3 volts, Eb = 200 volts, Rk = 22 ohms. .............................. 17 

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

Ef = 6.3 volts, Eb = 200 volts, Ec - +6 volts, Rk = 270 Ohms (bypassed). . . . . .  140 

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

Grid Voltage Cutoff 

Noise Figure 
Ef = 6.3 volts, Eb = 200 volts, Ib = 100 M. ................... . . . . . . . . . . . . . .  

Ef-6.3 volts, Ebb=265 volts, Ec=O volts, RL=3300 ohms, 
(bypassed), Rk = 22 ohms, F = 200 * 10 MC. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

430 Mdiamperes 

25 33 Milliamperes 

55000 Micromhos 

210 

45000 

175 

20 Percent . . . . .  

- 5.d -8.0 Volts 

6 3.0 4.8 Decibels 
Interelectrode Capacitances 

Grid to Plate: (g to p). . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.1 
Input: g to (h+k). . . . . . . . . . .  5.1 
Output: p to (h+k). . 
Heater to Cathode: (h . . . . . . . . . . . . . . . . . . . . . .  1.9 

. .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.05 

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

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

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

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

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

. .  50 Grid to All at 100 volts d-c.. 
Plate to All at 300 volts d-c.. . . .  . .  . . .  50 

. . .  

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

2.8 3.5 pf 
6.7 8.3 pf 

0.075 0.1 pf 
2.6 3.3 pf 

..... 0.5 Microamperes 

. . . . .  20 Microamperes 

. . . . .  20 Microamperes t 

. . . . . . . . . .  Megohms 

. . . . . . . . . .  Megohms 

Y 
..... 2.0 Microamperes 
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\ *  
SPECIAL PERFORMANCE TESTS 

Min. Bogey Max. 
Grid Recovery 

Change in Average Plate Current.. ......... ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0 Milliamperes 
Peak Plate Current Backswing.. - 2.0 Milliamperes ........................................................... 

Tubes with poor grid recovery affect circuit operation when 
the grid is driven positive by a pulse of signal or noise, some- 
what as if a parallel RC circuit were in series with the grid. 
This effect may occur in tubes of any type but is unimpor- 
tant in many applications. In the majority of 7588 tub& the 
effect is negligible, but to  eliminate the few in which it may 
be excessive, tubes are tested under the following conditions: 
Ef .I, 6.3 volts, Ebb = 250 volts, RL = 0.01 meg. EC is adjusted 
for Ib = 10 ma. 
Upon application to the grid of a pulse driving it 3 volts 

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

PLATE CURRENT VS TIME 
4 R I D  RECOVERY TEST 

I AVERAGE CURRENT BEFORE PULSES ARE APPLIED -- 
PEAR PULSE CURRENT 

AVERAGE CURRENT WITH PULSE) *?PLIED 

W c 

TIME 

Min. Bogey Max. , 
Low Frequency Vibrational Output 

Statistical sample is subjected to vibration in each of two planes 
a t  40 cps, with peak acceleration 15G. Tube is operated with Et = 
6.3 volts, Ebb = 250 volts, Rk = 68 ohms (bypassed), RL - 2000 
ohms ................................................................................ 25 Millivolts 

RMS 
Variable Frequency Vibrational Output 

Statistical sample is subjected to vibration according to the pro- 
cedure given below. Tube is operated with Ef = 6.3 volts, Ebb = 
250 volts, Rk 9 6 8  ohms (bypassed), RL = 2000 ohms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 Millivolts 

RMS 

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

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

drical axis; second, perpendicular to the cylindrical axis and parallel to a line through the major axis of a 
terminal lug. A t  all frequencies from 100 to 2000 cps, the total harmonic distortion of the acceleration 
wave form shall be less than 5%. 

3. The peak acceleration shall be maintained at  10 * 1.0 G throughout the test. 
4. The value of the alternating voltage produced across the load resistor (Rd, as a result of the vibration, 

shall be measured with a suitable device having a response to the RMS value of the voltage to within 
* O S  db of the response at  400 cps for the frequency range of 100 to 3000 cps, and having a band-pass 
filter with an attenuation rate of 24 db per octave below the low frequency cutoff point'of 50 cps and above 
the high frequency cutoff point of 5000 cps. The meter shall have a dynamic response characteristic equiv- 
alent to or faster than a W meter (operated in accordance with ASA Standard No. C16.5-1954). 

* Low Pressure Voltage Breakdown Test 
Statistical sample tested for voltage breakdown at a pressure of 8mm Hg, to simulate an altitude of 100.000 
feet. Tubes shall not give visual evidence of flashover or corona when 300 volts RMS, 60 cps, is applied 
between the plate and grid terminals. 

DEGRADATION RATE TESTS 
Fatigue 

Statistical sample vibrated for a total of six hours, three hours in each of two planes, at  a peak acceleration of 10 G. 
Frequency is continuously varied from 30 cps to 2000 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 leakage, heater current, and transconductance. 
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DEGRADATION RATE TESTS (Continued) 

* I Shock 

I 

j 
1 

Statistical sample subjected to 5 impact accelerations of approximately 450 G in each of four positions. The accelerat- 
ing forces are applied by the Navy-type, High Impact (flyweight) Shock Machine using a 30" hammer angle. Tubes are 
mounted by T-bolt with 3 inch-pounds torque, and operated during the test with Ef = 6.3 volts, Eb = 250 volts, Ehk = + 100 volts, Rg = 0.1 meg, and Rk = 68 ohms. Following the test, tubes are evaluated for low frequency vibrational out- 
put, heater-cathode leakage, heater current, and transconductance. 

I 
I 

I 

3 
Stability Life Test 

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

, 
Survival Rate Life Test 

conductance, following approximately 100 hours of life test. 

Intermittent Life Test 
Statistical sample operated 1000 hours under the following conditions: Ef = 6.3 volts, Eb = 200 volts, Ecc = +6 volts, 

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

Interface Life Test 

The statistical sample subjected to the Intermittent Life Test is evaluated for shorted and open dements, and trans- 
1 

6 

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

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

test include Ef = 7.5 volts cycled for one minute on and one minute off, Eb = Ec - 0 volts, and Ehk = 70 volts with heater 
positive with respect to cathode. Following this test, tubes are evaluated for open heaters, heatercathode shorts, and 
heatercathode leakage current. 

* 

MOUNTING BOLT PHYSICAL DIMENSIONS 

.I 12' 

.I 30 -R  
! 

Maximum eccentricity of inrulotorr 0.01 5 in. from center line. 
t 

Y 

b 
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AVERAGE PLATE CHARACTERISTICS 
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AVERAGE PLATE CHARACTERISTICS 
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ELECTRICAL 

Cathode-Coated Unipotential 
Heater Characteristics and Ratings 
Heater Voltage, AC or DC* . . . . .  .6.3 t0.3 Volts 
Heater Current+. . . . . . . . . . . . . . . . . .  .0.2 15 Amperes 
Direct Interelectrode Capacitances 1 

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

Y 

MECHANICAL 

Mounting Position-Any 

See Outline Drawing on page 3 for dimensions and elec- 
trical connections 

Y 

Y 

w 

5 

3 

u 
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- 
Peak Plate Voltage. . . . . . . . . . . . . . . . .  .400 Volts 
Positive Peak and DC Grid Voltage. . . . . .  0 Volts 

Negative Peak and DC Grid Voltage. .50 Volts Bias! . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.2 Megohms 

Heater Negative with Respect to 

Grid Circuit Resistance, with Fixed 
Cathode.. . . . . . . . . . . . . . . . . . . .  50 Volts 

. .  
Plate Dissipation. . . . . . . . . . . . . . . . . .  .0.85 Watts Envelope Temperature at Hottest 
DC Cathode Current. . . . . . . . . . . . . . . .  .3.8 Milliamperes Pointv.. ........................ .250 C 

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

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

a l l  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- 
voltage variation, equipment component variation, equip- 
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in the characteris- 
tics of the tube under consideration and of alt other electron 
devices in the equipment. 

CHARACTERISTICS AND TYPICAL OPERATION 
AVERAGE CHARACTERlSTlCS Transconductance . . . . . . . . .  ,1400 Micromhos 

Cathode-Bias Resistor, . . . . . . . . . . . .  .lo00 Ohms Grid Voltage, approxlmate 
Rate Voltage. ..................... .I50 Volts Plate Current. . . . . . . . . . . . . . . .  .Q.95 Milliamperes 

Amplification Factor. . . . . . . . . . . . . . . .  .80 Ib = 10 Microamperes, 
Plate Resistance, approximate. . . . . .  .57000 Ohms Eb 250 Volts. . . . . . . . . . . . . . . . .  -4.6 Volts 

FOOTNOTES 
* The equipment designer should design the equipment so 

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

10 RL) ohms, where RK is the cathode-bias resistance in 
ohms, and RL is the DC plate load resistance in ohms. 

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

t Heater current of a bogey tube at E t  = 6.3 volts. 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 1 Without external shield. 

0 If resistance is used in the cathode or plate circuits, the higher temperature operation, contact your General 
Electric tube sales representative. grid-circuit resistance may be high as (200,000 +SO0 RK + 

G E N E R A L  ELECTRIC 
Superseder PT-nS92 dated 1-60 , r 
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SPECIAL PERFORMANCE TESTS 
I 

Maximum I 

I 
i 
1 
1 
1 

' 

Variable-Frequency Vibration. . . . . . . . . 15 Millivolts 
Ef = 6.3 volts, Ebb = 150 volts, Ec = 0 peak to peak 
volts d-c, Rk = 1000 ohms (bypassed), 
RL = 10000 ohms; Note 1 

Low-Frequency Vibration. . . . . . . . . . .0.75 Millivolts RMS 
Ef = 6.3 volts, Ebb = 150 volts, EC = 0 
v@ts d-c, Rk = 1000 ohms (bypassed), 
RL=lOOOO ohms, G-15, F-40 cps; 

i Note 2 

, Low Pressure Voltage Breakdown Test 
Statistical sample tested for voltage breakdown at a 
pressure of 8mm Hg, to simulate an altitude of 100.000 feet. 
Tubes shall not give visual evidence of flashover or corona 
when 300 volts RMS, 60 cps, is applied between the plate 
and grid terminals. 

Note 1 : The variable-frequency vibration test shall be performed as follows: 
a. The frequency shall be increased from 100 to  2000 cps with approximately logarithmic progression in 

3 * 1 minutes. The return sweep (2000 to 100 cps) is not required. 
b. The tube shall be vibrated with simple harmonic motion in each of two planes; first, parallel to the 

cylindrical axis; second, perpendicular to the cylindrical axis and parallel to a line through the major 
axis of a terminal lug. 

c. The peak acceleration shall be maintained at  10 * 1 G throughout the test. 
d. The vibrational output produced across RL as a result of the vibration shall be coupled to a low-pass 

filter that has the following characteristics: 
(1) A response within * 1 db of the response at  1000 cps over the frequency range of 100 t o  17000 cps. 
(2) The response shall be down at least 1.5 db at 20000 cps and have a cut-off rate of at least 18 db per 

octave above 20000 cps. 
Note 2: The tube shall be vibrated with.hannonic motion in each of two planes, (1) parallel to the cylindrical axis 

and (2) perpendicular to the cyclindrical axis and perpendicular to  a line through the major axis of a terminal 
lug. 

DEGRADATION RATE TESTS 
Fatigue 

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

Statistical sample subjected to 5 impact accelerations of approximately 450 G in each of four positions. The 
accelerating forces are applied by the Navy-type, High Impact (flyweight) Shock Machine using a 30' hammer 
angle. Tubes are operated during the test with Ef = 6.3 volts, Eb = 150 volts, Ehk = +lo0 volts, Rg =0.1 Meg, 
and Rk = 82 ohms. Following the test, tubes are evaluated for low frequency vibrational output, heater-cathode 
leakage, transconductance, and negative grid current. 

Shock 

e 

e 

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

Survival Rate Life Test 
The statistical sample subjected to the Intermittent Life Test is evaluated for shorted and open elements and 
transconductance following approximately 100 hours of life test. 

L 

Intermittent Life Test 
Statistical sample operated for 1000 hours under the following conditions: Ef = 6.3 volts (cycled-on 1 $d hours, 
off ?i hour), Ebb = 300 volts, Ehk = +70 volts d-c, Rk = 82 ohms, RL = 18000 ohms, and Rg = 0.1 meg. Tubes 
are evaluated, following 500 and 1000 hours of l i e  test, for shorted or open elements, heater current, grid current, 
transconductance, heater-cathode leakage, and interelectrode leakage resistance. 

L 
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DEGRADATION RATE TESTS (Continued) 
Interface Life Test 

Statistical sample operated for 1000 hours with Ef -6.6 volts, no other 
voltages applied, and evaluated for cathode interface resistance following 
the l i e  test. 

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

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

Heater-Cycling Life Test 

center line. 

The tuber and orrongements diaciosed herein moy be coverod by patents of 
Generol Electric Company or others. Neither the disclosuro of any information 
herein nor the sole of tubes by  General Electric Compony conveys any license 
under potent claims covering combinations of tubes with other dwees or tubas or others. 

elements. In the obscnce of on express written agreement to the contrary, 
Generol Electric Compony ossumes no liability for potent infringement arising 
out o f  ony use of the bbes with other devices or dements b y  any purchaser of 

AVERAGE PLATE CHARACTERISTICS 
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FOR GROUNDED-GRID CLASS A 
UHF AM PLlFl ER APPLlCATlONS 
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The 7644 is a high-mu, metal-and-ceramic t r iode intended for  operation as a grounded- 
grid,  Class A radio-frequency amplifier a t  frequencies as high as 3000 megacycles. 

Features of the tube include small size,  planar electrode construction with close 
spacing, inherent r ig id i ty ,  and an envelope s t ructure  convenient €or coaxial c i r c u i t  
applications,  

lar applications, w h e r e  the gr id  of the tube may be driven posit ive by leakage pulses. 
physical appearance and dimensions of the 7644 are ident ical  t o  those of the 6299, and the 
e l ec t r i ca l  characteristics are  nearly ident ical .  

Within the l imitat ions of its ratings,  the 7644 may be used i n  radar receivers, o r  s i m i -  
The 

GENERAL 

ELECTRICAL 
Cathode - Coated Unipotential 

Heater Characterist ics and Ratings 
Heater Voltage, AC .. E*. . .  6.3k0.13 Volts 
Heater Current) . . . . . . . .  0.3 Amperes 
Direct Interelectrode Capacitances5 

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

Plate t o  Cathode and Heater: 
8 t o  (h + k) . . 3.65 pf 

p .. (h . k) . . . . . .  0.015 pf 

-~ 

MECHANICAL 
Operating Posit ion - Any 

Cooling - Conductio* 
N e t  Weight, approximate . . . . .  116 Ounce 

MAXIMUM RATINGS 
ABSOLUTE-MAXIMUM VALUES 
Platevoleage.  . . . . . . . . . . . . . . . . . . . . . . .  . 2 0 0  Volts 
Negative DC Grid Voltage . . . . . . . . . . . . . . . . . . . . .  15 Volts 
Plate  Dissipation . . . . . . . . . . . . . . . . . . . . . . .  2.0 Watts 
DC Plate  Current. . . . . . . . . . . . . . . . . . . . . . . .  12 Milliamperes 
Leakage Pulse 

Duty Cycle. . . . . . . . . . . . . . . . . . . . . . . . .  0.0011 
Pulsewidth . . . . . . . . . . . . . . . . . . . . . . . .  15 Microseconds 
Peak RF Grid Voltage# . . . . . . . . . . . . . . . . . . . . .  7.0  

. 

Volts 
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 type as defined by its published data 
and should not be exceeded under the wont probable 
conditions. 

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

all other electron devices in the equipment. 
The equipment manufacturer should design 50 that ini- 

tially and throughout life no absolute-maximum value for 
the intended service is exceeded with any tube under the 
worst probable operating conditions with respect to supply- 
voltage variation, equipment component variation, equip- 
ment control 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 tubes and orrangmenis dirdosod herein may be covered by poients of General 
tleciric Compony or oihers. Neither the disdorure of ony Information herein nor the 
tole of tubes by General Ueciric Company conveys any license under poieni daims 
covering combinations of kbes with other dovices or dments. In the obrence of on 

erprers written ogremen? io the controry, Geneml Eiedric Compony ossumes no 
llobility for patent infringeneni orising out of any u ~ e  of the tubes with other dovices 
01 eiemants by any purdmsw of tubes or others. 

G E N E R A L * @  E L E C T R I C  
Supersedes ET-Tl593A dated 12-61 

u 
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10-36 CHARACTERISTICS AND TYPICAL OPERATION 
AVERAGE CHARACTERISTICS 
Grid VoltageA. . . . . . . . . . . . . . . . . . . . . . . .  
Aaplif icat ionFactor  . . . . . . . . . . . . . . . . . . . . .  
Plate  Resistance, approximate . . . . . . . . . . . . . . . . . .  
Transconductance. . . . . . . . . . . . . . . . . . . . . . .  
Plate Current. . . . . . . . . . . . . . . . . . . . . . . .  
Plate Voltage, approximate . . . . . . . . . . . . . . .  
CLASS A, RF AMPLIFIER-GROUNDED-GRID, COAXIAL-TYPE CIRCUIT 
Frequency . . . . . . . . . . . . . . . . . . . .  450 1200 
Plate  Supply Voltaged . . . . . . . . . . . . . . . .  300 300 
Resistor i n  Plate  Circui t  (bypassed) . . . . . . . . . .  17500 17500 
Gridvoltage** . . . . . . . . . . . . . . . . . .  0 0 
Plate  Current. . . . . . . . . . . . . . . . . . .  10 10 
Bandwidth, min . . . . . . . . . . . . . . . . . .  10 10 
Gain. . . . . . . . . . . . . . . . . . . . .  17.5 17 
Noise Figure . Power-Matched . . . . . . . . . . . . . .  4.5 8.2 

Plate Voltage. . . . . . . . . . . . . . . . . . . . . . . .  

Ib  = 10 Milliamperes, Ec  - 0 vol ts .  

. 175 

. 110 
7300 

15000 . LO 

. 125 

. --- 

3000 
300 

17500 
0 

10 
10 
11 

13.2 

* 

* 
§ 

T 

# 
A 
I4 

** 

Volts ’4 
Volts 

Ohms 
Microahos 
Milliamperes 

Volts 

Megacycles 
Volts 
ohms 
Volts 
Milliamperes 

Decibels 
Decibe 1s 

Megacycles * 
NOTES 

The equipment designer should design the equipment so that  heater voltage is centered a t  the specified 
bogey value, with heater supply variations res t r ic ted  t o  maintain heater voltage within the specified 
tolerance. c 
Heater current of a bogey tube  a t  Ef = 6.3 volts .  

Without external shield.  

Good thermal contact t o  t h e  anode and cathode must be provided to  conduct heat from the elements. 
anode contact must  be suf f ic ien t ly  f lexible  t o  keep l a t e ra l  force on the anode a t  a minimum. 

The 

The 7644 is  rated only for  Class A amplifier service.’ tr 
Adjusted for  Ib = 10 milliamperes. 

Supply should be regulated. 

For operation above 1000 megacycles, the minimum noise figure w i l l  generally be obtained by operation 
a t  zero bias .  For operation below 1000 megacycles, the use of a cathode r e s i s to r  or  gr id  bias should 
be evaluated for the par t icular  application. 

e 

‘U 
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INITIAL CHARACTERISTICS LIMITS 
Heater Current Min. Bogey 

Plate  Voltage 

Transconduc tance 

Amplification Factor 

Interelectrode Leakage Resistance 

Ef = 6.3 volts  . . . . . . . . . . . . . . . . .  280 300 

12 5 

15000 

110 

Ef = 6.3 volts,  E c  - 0 vol ts ,  Eb adjusted fo r  Ib  = 10 ma . . .  75 

. 11500 

. .  85 

Ef - 6.3 volts ,  Eb - 175 vol ts ,  Ec adjusted fo r  Ib  = 10 ma. 

Ef = 6.3 volts ,  Eb - 175 vol ts ,  Ec adjusted fo r  Ib  = 10 ma. 

Ef - 6.3 volts ,  Polar i ty  of applied d-c interelectrode. 
voltage is such t h a t  no cathode emission resu l t s  --- Grid t o  Cathode and Heater a t  45 vol ts  d-c . . . . . . .  2.5 

Grid t o  Plate a t  500 vol t s  d-c . . . . . . . . . . . .  25 --L 

Grid t o  Plate: (g t o  p) . . . . . . . . . . . . . .  1.5 1.75 
Interelectrode Capacitances 

Grid t o  Cathode and Heater: g t o  (h + k) . . . . . . . .  3.0 3.65 
Plate  t o  Cathode and Heater: p t o  (h + k) . . . . . . . .  --- 0.015 

SPECIAL PERFORMANCE TESTS 

Ef = 6.3 volts,  E c  = 0 vol ts ,  Eb adjusted fo r  Ib  - 10 ma, F - 45of5 BZ 
Noise Figure - 450 Mc 

Noise Figure - 1200 MC 

Power Gain - 450 MC 

Min. --- 
Ef = 6.3 volts ,  Ec - 0 vol ts ,  Eb adjusted fo r  Ib  - 10 ma, F = 120of5 Mc 

Ef - 6.3 volts ,  Ec - 0 volts ,  Eb adjusted fo r  Ib  = 10 ma, F = 45&5 Mc, 
Bandwidth - 9 MC, min . . . . . . . . . . . . . . . . . .  
E f  = 6.3 volts ,  Ec = 0 vol ts ,  Eb adjusted fo r  Ib  - 10 ma, F = 120of5 Mc, 
Bandwidth = 10 BZ, min. . . . . . . . . . . . . . . . . .  15 

--- 

15 

Power Gain - 1200 MC 

Max. 
320 

175 

20000 

140 

--- 
e-- 

2 .o 
5.0 

0.025 

Max. 
5 .O 

8.5 

--- 
--- 
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Milliamperes 

Volts 

Micromhos 

Megohms 
Megohms 

Picofarads 
Picofarads 
Picofarads 

Decibels 

Decibe 1s 

Decibe 1s 

Decibels 

DEGRADATION RATE TESTS 
1000-Hour Life ' 

S t a t i s t i c a l  sample operated for  1000 ho 
with l i f e .  

t o  evaluate changes i n  transconductance and noise f igure 



7 

c 
7644 
Page 4 
10-66 

PHYSICAL DIMENSIONS 

-PLATE TERMINAL 

RID TERMINAL 

CATHODE AND 
HEATER TERMINAL 

GETTER TERMINAL 
(DO N O T  USE FOR ANY 

D C  OR RF CONNECTION) 

HEATER TERMINAL 

ALIGNMENT GAUGE 

-. 52 0" t .004'- 
: 6 

e 

c 
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3 4 3  - _ _  
METAL-CERAMIC TRIODE 

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

primarily intended for use as an oscillator in the ultra-high-frequency range. 

GENERAL 

ELECTRICAL MECHANICAL 
CathodtCoated Unipotential Mounting Position-Any 
Heater Characteristics and Ratings 
Heater Voltage, AC or DC*. . . . . .  .6.3 *0.3 Volts connections. 
Heater Current*. ................... -0.24 Amperes 
Direct Interelectrode Capacitances $ 

See outline drawing on page 2 for dimensions and electrical 

Grid to Plate: (g t o  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 

MAXIMUM RATINGS 
ABSOLUTE MAXIMUM VALUES 

Positive DC Grid Voltage. 
Plate Voltage.. ..................... .250 Volts Heater-Cathode Voltage 

. O  Volts 
Negative DC Grid Voltage. .50 Volts . . . . . . .  50 Volts 
Peak Negative Grid Voltage. . . . . . . . . . .  . S O  Volts 
Plate Dissipation.. .................... 1.0 Watt 
DC Grid Current. . . . . . . . . . . . . . . . . . . .  .2.2 Milliamperes 
DC Cathode cmmt.  . . . . . . . . . . . . . . . .  .11 Milliamperes Grid-Circuit Resistance.. .10,000 Ohms 
Peak Cathode Current. . . . . . . . . . . . . .  

. . . . . . . . . . . . .  Heater Positive with Respect to 

Heater Negative with Respect to 

. . . . . . . . . . .  Cathode. 

Cathode. . . . . . . . . . . . . . . . . . . . . . . . .  .50 Volts 

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

. . . . . . . . . .  
3ulb Temperature a t  Hottest Point**. . .250 C 

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

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

The tuber and arrangements disclosed herein may be covered by patents of 
General Electric Company or others. Neither the disclowre of any information 
herein nor the sale of tubes by General Electric Company conveys any license 
under patent claims cavering combinations o f  tubes with other devices or tuber or others. 

elements. In the obsence of an express written agreement to the contrary 
General Electric Company asrumer no liability far patent infringement arisini 
out of ony use of the tubes with other devicer or elements by any purchaser a f  

G E N E R A L  E L E C T R l  C 
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CHARACTERISTICS AND TYPICAL OPERATION 
AVERAGE CHARACTERISTICS UHF OSCILLATOR SERVICE 

. . 100 150 Volts Plate Voltage. ...................... 150 Volts 
Gridvoltage.. . . . . . . . . . . . . .  0 - Volts . . . . . . . . . . . . . . . .  .7000 Ohms 
Cathode-Bias Resistor. ...... - 82 Ohms . . . . . . . . . . . . . . . . .  4.0 Milliamperes 
Amplification Factor. . . . . . . .  - 90 Frequency . . . . . . . . . . . . .  

Grid Current.. . . . . . . . . .  . . . . . .  0.5 Milliamperes Transconductance. . . . . . . . . .  11,500 10,500 Micromhos 
. . . . . .  450 Megacycles 

Plate Current. . .  . . . . . . . .  9.0 7.5 Milliamperes Power Output, approximate. . . . . . . . . . .  100 Milliwatts 

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

value, with heater supply variations restricted to maintain heater voltage within the specified tolerance. 
t Heater current of a bogey tube at  Ef = 6.3 volts. 
$ Without external shield. 
**For applications where long life is a primary consideration, it is recommended that the envelope temperature 

be maintained below 175 C. 

OUTLINE DRAWING 

NOTE: Maximum eccentricity of 
insulators 0.010 in. 
from center lime. 
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Absolute-Maximum ratings are limiting values of operating 

and environmentol conditions applicable to any electron 
tube of a specified type us defined by its published data 
and shoutd not be exceeded under the worst proboblc condi- 
tions. 

The tube manufocturer chooses these values to provide 
acceptable serviceability of the tube, making no allowance 
for equipment variations, environmental variotions, and the 
effects of changes in operating conditions due to variations 
in the Characteristics of the tube under considerotion and of 
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METALCERAMIC TRIODE 

DESCRIPTION AND RATING 

FOR BROADBAND RADIO-FREQUENCY AMPLIFIER 

I 
1. APPLICATIONS 

The 7768 is a highmu triode of ceramic-and-rn@ planar construction 
primarily intended for use as a broadband radio-frequency amplifier. The 
7768 is csdally suited for use where unfavorable conditions of mechanical I 

I 

b 
shock, mcchanicaf vibration. and nuclear radiation are encountered. . 

GENERAL 

MECHANICAL 1 ELECTRICAL 
I 

i 

! 

V 

'i 

Cathode-Coated Unipotential 
Heater Characteristics and Ratings ' 

Heater Voltage. AC or DC'. .... .6.3 -0.3 Volts 
Heater Current*. ................... .0.4 Ampera 
Direct Interdectrode Capaatancest 

' 

Grid to  Plate: (g to  p) ............. .1.7 pf 
Input: g to (h-i-k). ............... .6.0 pf 
Output: p to  (h+k). ............ .0.018 pf 
Heater to Cathode: Lh to  k). ....... .2.4 pf 

Mounting Position-Any 

Sce Outline Drawing on page 3 for dimensions and efeetrical 
connections 

MAXIMUM RATINGS 
ABSOLUTE-MAXIMUM VALUES 
Plate Voltage. ..................... -330 Volts Cathode.. ..................... ..SO Volts 

Heater Positive with Respect to 
- 

Positive DC Grid Voltage. ............ . O  Volts 
Negative DC Grid Voltage. .SO Volts 

Plate Dissipation. .5.5 Watts With Cathode Bias. .............. .0.01 Megohms 

Heater Negative with Respect to 
Cathode. ....................... .SO Volts . . . . . . . .  Grid Circuit Resistance .................. 

DC Cathode Current. . . . . . . . . . . . . . . .  .30 Milliamperes Envelope Temperature at  Hottest 
Heater-Cathode Voltage Point5 ........................... 250 C 

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

tially and 'throughout fife no absolute-maximum volut for 
the intended service i s  exceeded with & tube under the 
worst proboblc operating conditions with respect to supply- 
voltoga variation, equipment component variation, equip- 
ment control adjustment, bod variotiob, signol variation, 
environmental conditions, and variations in the characteris- 
t ics of the tube under consideration ond of all other electron 
devices in the eauioment. 

the  tuber and orranpenentr direlored herein rnov b e  covered by patentr of 
General tlectric Compony or otherr Neither the disclorurr of ony information 
herein nor fhe role of tubes by Generol Electric Conpony conveys any licenae 
under potent cloimr covering combinotionr of tuber wiD other devicer or 

eknmh. In the obsence of on erpresr written agreement IO ~ h o  conhory, 
General Electric Conpony ossumer no liobiiity for potent infrinpenent oririnq 
out of ony ure Of the tuber vith other dn icer  or elements by eny pwhoser o f  
tuber or otherr 

G E N E R A L  ELECTRIC ! 
6 
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1 CHARAGTERISTICS AND TYPICAL OPERATION - 

f ............... 
* AVERAGE CHARACTERiSTlCS 

Plate Voltage. ............... , ............. .200 Volts Transconductance. .50000 Micromhos 
Grid Voltage. ............................. +6.0 Volts plate Current. ...................... .24 Milliamperes 
Cathode-Bias Resistor. ..................... .270 Ohms Grid Voltage, approximate 
Amplification Factor.. .................... :. .225 
mate Resistance, approximate. -4500 Ohms 

Ib= 100 Microamperes. ............ -3 Volts 
............. I 

1 
c . FOOTNOTES 

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

: Without external shield. 
i Operation below the rated maximum envelope temperature 

is recommended for applications requiring the longest 
possible tube life. 

I 
sNlTlAL CHARACTERISTICS LIMITS 1 

- 1  
Ef = 6.3 volts, Eb = 200 volts, Rk 1 2 2  o h m  (bypassed). .... 14 22 30 Milliamperes C p  

I 

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

Msx. Min. Bogey 

Heater Current 
Ef -6.3 volts. ........................................ 370 400 430 XVrilliamperes 

I Plate Cutrent 

Transconductance 

Amplification Factor 

Grid Voltage Cutoff 

Noise Figure 

Ef = 6.3 volts, Eb = 200 volts, FZk = 22 o h m  (bypassed). . . . .  40000 50000 60000 Micromhos 

Efm6.3 volts, Eb-200 volts, Rk=22 ohms (bypassed). .... 170 225 280 

Ef = 6.3 volts, Eb = 200 volts, Ib = 100 M. 

Ef I 6.3 volts, Ebb = 280 volts, Rt = 3300 ohms, Rk = 22 ohms 
(bypassed), F = 200 MC * 10 mc. 3.0 4.8 Decibels 

..................... -3.0 -5.0 Volts P 

i 
Interelectrode Capaatancet I 

! 

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

Grid to  Plate: (g to p). ................................ 1.3 1.7 2.1 pf 
.................................... c Input: g to (h+k). 4.5 6.0 7.5 pf 

Output: p to  (h+k). ............ :. .................... 0.01 0.018 0.026 pf 
Heater to  Cathode: (h to  k). ........................... 1.5 2.4 3.3 pf i 

I 
I 

Negative Grid Curreno 
Ef = 6.3 volts, Eb = 200 volts, ECC = - 1.0 volts, Rk 
(bypassed),Rg=O.l meg.. 0.5 Microamperes 

Ef = 6.3 volts, Ehk = 100 volts 

22 ohms 
.................................. ..... 

1 HeaterCathode Leakage Current % 

................. ..... Heater Positive with Res'pect to Cathode. 20 Microamperes 
Heater Negative with Respect t o  Cathode. ................ ..... 20 Microamperes 

Interelectrode Leakage Resistance 

i Ef = 6.3 volts. Polarity of applied d-c interelectrode voltage is 
such that no cathode emission results. t ....................... ..... ...... Grid to A l l  at 100 volts d-c. 50 Megohms 

Plate to All  at 300 volts d-c.. 50 Megohms ...................... ..... ..... 
i 

( 
Grid Emission Current 

. . . . . .  Ef = 7.0 volts, Eb = 200 volts, Ecc - - 15 volts, Rg = 0.1 me& ..... 2.0 Miiroamperes 
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SPECIAL PERFORMANCE TESTS . 
Min. %W 

Grid Recovery 

Tubes with poor grid T C C O V C ~ ~  affect circuit operation when the 
grid is driven positive by a pulse of signalpr noise, somewhat as if a 
parallel RC circuit were in series with the grid. This dfect may 
occur in tubp of any type. but is Unimporpnt in many applica- 
tions. In the majority of 7768 tubes the effect is negligible, but to 
eliminate the few in which it may be excessive, tubes are tested 
under the fallowing conditions: Ef-63 volts, Ebbs250 volts, 
RL = 0.01 mcg. Ec is adjusted for Ib = 10 ma. 

Upon application ta the grid of a 3 volt positive pulse (prr - 60 
pps. duty factor =0.0012) the change in average plate current is 
noted, and the peak plate current backswing is measured. The 
following diagram ahow qualitatively the plate current-time rela- 
tionship for a tube (with poor grid reco to tliis test. 

Statistical sample Is subjected to vibration in each of two 
planes at 40 cps, with peak acceleration 1SG. Tube iS oper- 
ated with Ef m 6.3 volts, Ebb = 250 volt% Rlc * 68 ohms (by- 

Y Change in Average Plate Current.. ...... ‘. ................. , ... 
Peak Plate Current Backswing. : ............................ ..... 

..... 

Y 

* 
Low Frquency Vibrational Output.. ............................. ..... 

passed), R‘r2000 ohms 

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

4 

V 

ry 

Y 

Max. 

1.0 Miltiampms 
2.0 M i l t i m p ~ e s  

SO Millivolts RMS 

OUTUNE DRAWING PLATE CURRENT VS. TIME 
4 R I D  RECOVERY TEST 

TWL . 

0 
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DEGRADATION RATE TESTS 
Fatigue ’ 

StatCstical sample vibrated for a total of six hours. three 
hours in each o€ two plana, a t  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 168 ohms. Following the test, tubes are evaluated 
for low frequency vibrational output, heater-cathode 
leakage, heater current, and transconductance. 

Intermittent Life Test 
Statistical sample operated for 1000 hours under the foIlow- 
ing conditions: Ef ~6.3 volts (cyded-on 1 M hours, off 

d-c, Rk =270 ohms, and RgP0.01 meg. Tuba  are evalu- 
ated, following 500 and 1000 hours of life test, for shorted 
or open elements, heater current, grid current, trans- 
conductance,. noise figure, heater-cathode leakage, and 
interelectrode leakage resistance. 

M hour), Eb = 200 volts, ECC = +7 volts, Ehk = -70 volts Ir 

Shock Interface Life Tcst * 
Statistical sample operated for 1000 hours with Ef = 6.6 
volts, no other voltages applied, and evaluated for cathode 
interface resistance following the M e  test. 

Statistical sample subjected. to 5 impact accelerations of 
approximately 450G in each of four positions. The acceler- 
ating forces are applied by the Navy-type, High Impact 
(flyweight) Shock Machine using a 30’ hammer angle. 
Tuba  are operated during the test with Ef = 6.3 volts, 
Eb =250 volts, Ehk - +IO0 volts, and FUc=68 ohms. 
Following the test, t uba  are evaluated for low frequency 
vibrational output, heater-cathode leakage, heater current, 
and transconductance. 

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

The statistical sample subjected to the Intermittent L i e  
Test is evaluated for shorted and open elements and trans- 
conductance following approximately 100 hours of life test. 

Survival Rate Life Test 

Heater-Cycling Life Test 
Statistical sample operated for 2000 cycles minimum to 
evaluate and control heater-cathode defects. Conditions of 
test include Ef 7.5 volts cycled for one minute on and one 
minute off, Eb=Ec=O volts, and Ehk=70 volts with 
heater positive with respect to  cathode. Foilowing this test, 
tubes are evaluated for open heaters, heaterethocie shorts, 
and heatercathode leakage ament. 

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

c 
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AVERAGE PLATE CHARACTERISTICS 

100 200 300 400 500 

JANUARY 9 ,  1962 PLATE VOLTAGE IN VOLTS 
K-556 I I-TD160-I 

100 200 300 400 500 

JANUARY 9 ,  1962 PLATE VOLTAGE IN VOLTS 
K-556 I I-TD160-I 

AVERAGE TRANSFER CHARACTERISTICS - 

-5 -4 -3 -2 
GRID VOLTAGE I Y  VOLTS 

-1 0 

JANUARY 9. 4962 
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AVERAGE CHARACTERISTICS 
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ELECTRICAL 
Cathode - Coated Unipotential 
Heater Character is t ics  and Ratings 
Heater Voltage, AC or  DC*. . . .  6.3+0.3 Volts 
Heater Current* . . . . . . . .  0.3 Amperes 
Direct Interelectrode Capacitances§ 

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

g t o  (h + k) . . . . . . .  3.65 pf 
Plate  t o  Cathode and Heater: 

w 

MECHANICAL 
Operating Posit ion - Any 

Cooling - ConductionSi 
Net Weight. . . . . . . . . .  1/6 Ounce 

V 

u 

w 

3 

-PRODUCT INFORMATION 

Planar Triode 
FOR GROUNDED-GRID CLASS A 
UHF AMPLIFIER APPLICATIONS 

a 

Page 1 10-66 - 

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 
and should not be exceeded under the wont probable 
conditions. 

The tube manufacturer chooses these values io 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 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- 
voltage variation, equipment component variation, equip- 
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 tubes and arrangements disclord herein nay be cormred by patents of Generol 
Electric Company or othen. Neither the disclosure of any informatlon herein nor the 
sole of tube1 by General Electric Company conveys any license under potent claims 
coverlns combinations of tubes with other devices or elements. In the absence of on 

express written agrement to the contrary, General Electric Company ossumes no 
Ibbility for potent Infringement arising out of any use of the tuber with other dnicer 
or elements by any purchaser of fubes or others. 

G E N E R A L  E L E C T R I C  
Supersedes ET-F23 dated 12-61 
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CHARACTERISTICS AND TYPICAL OPERATION 
10-36 

AVERAGE CHARACTERISTICS 
Pla tevol tage .  . . . . . . . . . . . . . . . . . . . . . . .  . 1 7 5  Volts 
GridVoltaget!. . . . . . . . . . . . . . . . . . . . . . . .  .--- Vol t S  
Amplification Factor . . . . . . . . . . . . . . . . . . . . . .  110 
Plate Resistance, approximate . . . . . . . . . . . . . . . . . .  7300 Ohms 
Transconductance. . . . . . . . . . . . . . . . . . . . . . . .  15000 Micromhos 
P la t ecu r ren t .  . . . . . . . . . . . . . . . . . . . . . . . .  10 Milliamperes 
Plate  Voltage, approximate 

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

CLASS A, RF AMPLIRER-GROUNDED-GRID, COAXIAL-TYPE CIRCUIT 
Frequency . . . . . . . . . . . . . . .  450 1200 1200 1200 
Plate Voltage. . . . . . . . . . . . . . .  ** --- ** 175 
Plate-Supply Voltage**. --- 300 
Resistor i n  Plate Circui t  (bypassed) --- 17500 

. . . . . . . . . .  --- I --- . . . . . .  -- - -- - 
Grid Voltage$§ . . . . . . . . . . . . .  0 0 0 wr 
Plate Current. . . . . . . . . . . . . .  10 10 10 10 
Bandwidth, min . . . . . . . . . . . . . .  9 10 10 10 
Gain. . . . . . . . . . . . . . . . .  17.5 17 17 17 
Noise Figure, Power Matched 4.5 8.2 8.0 8.5 . . . . . . . . .  

3000 ** --- 
-e- 

0 
10 
10 
11 

13.2 

Megacycles 
Volts 
Volts 
Ohms 
Volts 
Milliamperes 
Megacycles 
Dec ibe 1s 
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  to  maintain heater voltag? within the specif ied 
tolerance. 

+ 
$ Without external shield.  

T The e l ec t r i ca l  connections t o  the plate  and cathode must provide good t h e m 1  conductivity from these 
electrodes. 
terminal a t  a minimum. 

The 7784 is rated only for  Class A amplifier service.  

Does not apply t o  initial-emission-velocity current 

Adjusted for  Ib = 10 milliamperes. 

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

The p la te  contact must be suf f ic ien t ly  f lexible  t o  keep the l a t e r a l  force on the plate  

# 
A 

4 
* 
** Supply should be regulated. 

§§ 

Adjust fo r  Ib  = 10 milliamperes; range must be variable from 75 t o  200 vol ts .  

For operation above 1000 megacycles, the minimum noise figure w i l l  generally be obtained by operation 
a t  zero bias.  For operation below 1000 megacycles, the use of a cathode r e s i s to r  or gr id  bias should 
be evaluated for  the par t icular  application. 

Adjusted for  Ib = 10 milliamperes; 200-ohm variable cathode res i s tor  recommended. TlI 

6 

Lr 

c 

c 

c 



Y 

Y 

0 

V 

8 

INITIAL CHARACTERISTICS LIMITS 
Min. Bogey Heater Current . . . . . . . . . . . . . . . . . . .  300 

Ef 6.3 volts .  280 
Plate  Voltage 

Ef = 6.3 volts,  Ec = 0 vol ts ,  Eb adjusted for  Ib  = 10 ma. 75 
Transconductance 

Ef = 6.3 volts,  Eb = 175 vol ts ,  E c  adjusted for  Ib  = 10 ma . . 11500 

Amplification Factor 
Ef = 6.3 volts ,  Eb = 175 vol ts ,  Ec adjusted fo r  Ib  = 10 ma . . .  85 

Heater-Cathode Leakage Current 
Ef = 6.3 volts ,  Ehk = 50 vol t s  

Heater Posit ive with Respect t o  Cathode 
Heater Negative with Respect t o  Cathode 

. . . . . . . . . . .  . . . . . . . . . . .  
Interelectrode Leakage Resistance 

Ef = 6.3 volts ,  Polar i ty  of applied d-c ia terelectrode 
voltage is such tha t  DO cathode emission results Grid to  Cathode a t  45 vol t s  d-c . . . . . . . . . .  

0.25 . . . . . . . . . . .  5.0  

Grid t o  Plate:  (g t o  p) '1.5 

. . . . . . . . . . .  

Grid to  Plate  a t  500 vo l t s  d-c 

Interelectrode Capacitances . . . . . . . . . . . . . .  
Grid to  Cathode and Heater: g t o  (h + k). . . . . . . . .  3.0 
Plate  to  Cathode and Heater: p t o  (h + k) 

12 5 

15000 

110 

1.75 
3.65 

0.015 

Max. 
320 Milliamperes 

175 Volts 

--- Micromhos 

140 

20 Microamperes 
20 Microamperes 

--- Megohms --- Megohm 

2.0 - Picofarads 
5 .O picofarads 

0.025 Picofarads 

'SPECIAL PERFORMANCE VESTS 
Noise Figure - 450 MC Mh. Max. 

Ef = 6.3 volts ,  Ec = 0 vol ts ,  Eb adjusted for  Ib  = 10 ma, . . . . . . . . . . . . . . . . . . . . . .  5.0 Decibels --- F = 4 5 0 + 5 X  
Noise Figure - 1200 MC 

Ef = 6.3 volts ,  Ec = 0 vol ts ,  Eb adjusted fo r  'Ib = 10 ma, 
8.5 Decibels F - 1 2 0 @ 5 % .  . . . * - - -  

Power Gain - 450 M!2 
Ef = 6.3 volts,  Ec = 0 volts, Eb adjusted for  Ib  = 10 ma, 
F = 45&5 K, Bandwidth = 9 Mc, mfn. 

Ef = 6.3 volts ,  Ec = 0 vol ts ,  Eb adjusted for  Ib = 10 ma, 

Decibels --- . . . . . . . . . . . . .  15 
Power Gain - 1200 Mc 

F = 120@5 W ,  Bandwidth = 10 X, min . . . . . . . . . . . . .  15 --- Decibels 

DEGRADATION RATE TESTS 
1000-Hour Life 

S t a t i s  t i c a l  sample operated for  1000 hours t o  evaluate changes i n  transconductance and noise figure 
with l i f e .  
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INCHES Ref' Minimum I Maximum 
A 0.960 I 1 -040 

ALIGNMENT GAUGE 

MILLIMETERS 
Minimum I M a x i m u m  
24.38 I 26 .42 

PHYSICAL DlMENSIONS 

S- 

T- 

- P L A T E  TERMINAL 

-GRID TERMINAL 

rW. RAD. 
REF. PLANE 

-CATHODE TERMINAL 

HEATER TERMINAL 

HEATER TERMINAL 

1-P- 

R- 

_ _  _ _ _ _ _  , ~ _ _ -  
B I 0.530 I 0.590 13.46 I 14.99 
C I 0.410 I 0.470 I 10.41 I 11.94 
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tf*111111 I ¶ .  IS88 
P L A T E  V O L T A G E  t W  V O L T S  

AVERAGE TRANSFER CHARACTERISTICS 

Y 

0 

1-5561 1-10148-1 
G R I D  V O L T A G E  I N  V O L T S  
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PREDICATED NOISE PERFORMANCE 

s o 0 0  llJ000 

IFl,~,lLD 11, ,96( 

1 0  5 0  1 0 0  5 0 0  1000  
FREOUENCY I N  MEGACYCLES . I-55611-iDI4.3-I 
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TUBE DEPARTMENT 

G E N E R A L  E L E C T R I C  cu 

Owensboro, Kentucky 
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7841 
METAL-CERAMIC DIODE 

7841 
Page 1 
. 3-63 

DESCRIPTION AND RATING 
The 7841 isia cathode-type diode of ceramic-and-metal planar construc- 

tion intended for detector and low-current rectifier applications. 

ELECTRICAL I MECHANICAL 
Cathode-Coated Unipotential 
Heater Characteristics and Ratings 
Heater Voltage, AC or DC*. . . .  .6.3 a0.3 Volts 
Heater Currentt. ................ .0.215 Amperes 
Direct Interelectrode Capacitances$ 

Plate to Cathode: (p to k) ......... 1.1 pf 
Heater to Cathode: (h to k) ....... .1.2 pf 

,- 

Mounting Position-Any 

connections. 
See outline drawing on page 2 for dimensions and electrical 

MAXIMUM RATINGS 
ABSOLUTE MAXIMUM VALUES 
Peak Inverse Plate Voltage. .......... .350 Volts Cathode. ........................ 50 Volts 
Steadyatate Peak Plate Current. ...... 22 Milliamperes Heater Negative with Respect to 
DC Output Current. ................. 55 Milliamperes Cathode ......................... 50 Volts 
Heater-Cathode Voltage 

Heater Positive with Resped to Point**. .......................... 250 C 
Envelope Temperature at  Hottest 

Absolute-Maximum ratings ore limiting volues of operoting 
and environmental conditions applicable to any electron 
tube of o specified type os defined by its published data 
ond should not be exceeded under the worst ablecondi- 
tions. 

The tube manufacturer chooses these vo to provide 
occeptoble serviceability of the tube, making no allawance 
for equipment voriations, environmental votiations, ond the 
effects of changes in opcroting conditions duc to voriotions 
in the chorocteristics of the tube under consideration and of 

all other electron devices in the equipment. 
the equipment monufocturer should design so thot ini- 

tially and throughout life no absolute-maximum value for 
the intended service i s  exceeded with ony tube under the 
worst probable operoting conditions with respect to supply- 
voltage variation, equipment component variation, equip- 
ment control odiustment, load variation, signol voriotion, 
environmental conditions, ond voriotions in the chorocteris- 
tics of the tube under consideration and of all other electron 
devices in the equipment. 

AVERAGE CHARACTERISTICS 
Tube Voltage Drop . 

Ib = 5.0 Milliamperes DC. ....... ...................................... .2.6 Volts 

FOOTNOTES 
* The equipment designer should design the equipment so that the heater voltage is ce 

t Heater current of a bogey tube a t  Ef - 6.3 volts. 
8 Measured using a grounded adapter that provides shielding between external terminals of tube. 
**For applications where long life is a 

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

nsideration, it is recommended that the envelope temperature 
be maintained below 175 C. 

The tubes and arrangements d idored  herein may be covered by patents of 
General Electric Company or  others. Neither the disclosure o f  any information 
herein nor the d e  of tubes b y  General Electric Company conveys any license 
under patent claims covering combinotions of tubes 4 t h  other devices or 

elements. In the absence o f  an express written agreement ta the contrary. 
General Electric Company ossumes no liability for patent infringement arising 
out of any use of the tubes with other devices or elements by  any purchaser o f  
tubesorothen. 

G E N E R A L  E l E C T R  I C 
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AVERAGE PLATE CHARACTERISTICS 

0 1 2 3 4 5 6 7 

NOVEMBER 16. 1960 PLATE VOLTAGE I N  VOLTS 
X-55611-10129-1 

RECEIVING TUBE DEPARTMENT 

. G E N E R A L  E L E G T R I  C 
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The 7910 i s  a triode of ceramic-andmetal planar construction primarily intended for use as a platepulsed oscillator or 
amplifier at frequencies up to 7500 megahertz. 

CHARACTERISTICS AND TYPICAL OPERATION 
l es t  Conditions 

Ef Eb Ib Eg Rk 
AVERAGE CHARACTERISTICS 

Heater Voltage, AC ur DC*. ........... 6.0 6.3 6.6 V o f t s  ' 

Heater Current.. .................... 268 290 312 Milliamperes 6.3 --- --- --- --- ....................... .18 Milliamperes 6.3 125 --- --- 82 
6.3 125 ---. --- 82 

Plate Current 7 12 

63 1% --- --- 82 
Amplification Factor 50 75 100 
Transconductance .................. 1 2 0  16000 Moo0 MicKlmhos 
Grid Voltage, Cutoff. ................ --- -3.5 -6 Volts 6.3 125 0.1 --- --- 
Direct Interelectrode Capacitances. 

Minimum &i!~ Maximum . Units - V~tf~O& 

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

Grid to Plate: (g to p) ............. 0.85 1.E 1.25 Pf 

Output: p to (htk) ................ --- 0.018 0.026 Pf 
Input: g to (h+k) ................. 1.5 21 2.7 pf 

. CathodeHeating Time .... ; 60 --- --- Seconds ........... 

PLATE-PULSED OSCILLATOR SERVICE 
Frequency.. .............................................. ;. ..................................... 5900 
Duty Factor... .................................................................................. 0.001 
Pulse Duration ...................................................................................... 1 
Pulse Repetition Rate .......................................................... :. ................. 1000 

Peak Positive -Pulse Supply Voltage.. .............................................................. 1000 
Plate Current: Average During Pulse.. ............................................................... 0.6 
Grid Current: Average During Pulse ................................................................. 0.2 
Power Output: Average During Pulse.. ............................................................... 100 

Megahertz 

Microseconds 
Pulses Per 
Second 
Volts 
Amperes 
Amperes 
Watts . 

.NOTES 

t The equipment designer should design the equipment so that heater voltage i s  centered at the specified bogey value, with heater 
supply variations restricted to maintain heater voltage within the specified tolerance. In some applications, longer tube life may 
be obtained at reduced heater voltage. For specific recommendations, contact your General Electric sales representative. 

e Measured at 450 KHz using a grounded adapter that provides shielding between external terminals of tube. 

G E N E R A L  ELECTRIC 
Supersedes PI  Sheet dated 7-64 
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ABSOLUTE=NDAXIMUM RATINGS 

PLATE-PULSED OSCILLATOR SERVICE 
Peak Positive-Pulse Plate Supply Voltage 

1 Microsecond Pulse Duration ................................................................... 1200 
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.. ....................................................... .50 
Grid Current: Average During Pulse ................................................................. 0.2 
Plate Dissipation.. ............ 2 . .  ....................... i.. ....................................... 1.5 
Peak Heater-Cathode Voltage 

Heater Positive wi th  Respect to Cathode.. ............................................................ .60 
Heater Negative with Respect to Cathode ................................................... 

Envelope Temperature at Hottest Pointr ........... :. ................................................ .250 
Temperature Differential &tween Two Adjacent Electrodest.. ........................................... .35 
Mechanical Vibration (20-2000 k Sinusoidal) ......................................................... .10 

B 

Volts 
Volts 

Amperes . 

Amperes 
Watts 

Volts 
Volts ~ 

O C  

'C 
G Peak 

Volts * 

Absolute-Maximum ratings are limiting values of operating 
and environmental conditions applicable to any electron de- 
vice of o specified type as defined by i ts published data and 
should not be exceeded under the worst probable con- 
ditions. 

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

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

tially and throughout life no absolute-maximum value for 
the intended service is exceeded with any device 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 character- 
istics of the device under consideration and of all other 
electron devices in the equipment. 

. .  

NOTES 

# The regulation and/or series plate supply .impedance must be such as to l im i t  the peak current, with the tube considered a short 
circuit, to a maximum of 10 times the maximum plate current rating. 

A For specific recommendations concerning higher temperature operation, contact your General Electric sales representative. 
e This assumes no thermal heat sinking to any insulator. 
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the rob d dwim by General Lkchie Company mwya eny 6ansm d e r  p h a t  
doim cowring aonbinot,ions of #hosm d h s  rith 0 t h  dniaa or e k m n h  la ?he 

abunce of an w p r r  written ogrwnnnt (0 the contmty, O.n.rol Et.chic Conpony 
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HEATER 
'TERMINALS- 

Y 

c 

1. Net Weight - &On Ounces 

2. Mounting Position - Any 
1.61 Grams 

* 

. .  . . i 

TUBE PRODUCTS DEPARTMENT 

G E N E R A L  E L E C T R I C  
Owensboro, Kentucky 42301 
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10-62 METAL-CERAMIC TRIODE 

DESCRIPTION AND RATING 
The 8082 is a high-mu triode of ceramic-and-metal planar constru&.on 

primarily intended for use as an oscillator in the ultra-high-frequency range. 

GENERAL 

ELECTRICAL 
Cathodt-coated Unipotential 
Heater Characteristics and Ratings 
Heater Voltage, AC or DCt .  .... .6.3 r0.3 Volts 
Heater Current$. .................. .0.24 Amperes 
Direct Interelectrode Capacitances! 

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

MECHANICAL 

Mounting Position-Any f 

MAXIMUM RATINGS 
ABSOLUTE-MAXIMUM VALUES 
Plate Voltage. ..................... .250 Volts 
Positive DC Grid Voltage. . . . . . . . . . . . .  . O  Volts 
Negative DC Grid Voltage. . . . . . . . . . .  30 Volts 
Peak Negative Grid Voltage. . . . . . .  .50 Volts 
Plate Dissipation. . . . . . . . . . .  . . , . ,. I 1.0 Watt 
DC Grid Current. . . . . . . . . . . . . . . . . . .  .2.2 Milliamperes 
DC Cathode Current. . . . . . . . . . . . . . . . .  11 Mgliamperes 
Peak Cathode Curreat. . . . . . . . . . . . . . . .  .40 Milliamperes 
Heater-Cathode Voltage 

Heater Positive with Respect to 

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

Cathode. . . . . . . . . . . . . . . . . . . . . . . .  .50 Volts 
Grid-Circuit Resistance. . . . . . . . . . .  .10000 Ohms 
Envelope Temperature at Hottest 

Point 1: . . . . . . . . . . .  .250 C 

Absolute-Maximum ratings are limit,ing volues of operating 
ond environmental cmditions applicable to ony electron 
tube of a specified type as defined by its published data 
and should not be eaceeded under the worst proboble condi- 
tions. 

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

The tubes and armngemcnn disdasd herein may be  covered by patents a t  
General Electric Comeany ar atherh Neither the disclosure a t  any information 
herein nor fke d e  of rubes by  General CIecIric Comaany carneys any license 
under potent claims covering camblnatians of tubes w ~ I h  ether devices or 

- ACCROX. 

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

tiolly ond throughout life no obsolute-maximum value for 
the intended service i s  exceeded with any tube under the 
worst proboble operating conditions with respect to supply- 
voltage variation, equipment component variotion, equip- 
ment control adjustment, lood variotion, signal variation, 
environmental conditions, ond voriationr in the chorocteris- 
tics of the tube under consideration and of oil other electron 
devices in the equipment. 

elements. In the absence of an *%press written agreement IO  the canfrary, 
General tlectric Company assumes no iiobdity far patent infringement arismrm 
aut of any use of the rubes with other dcnces ar elemenn b y  any Purcnaser ai 
tubes or others. 

G E N E R A L  E L E C T R I C  
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CHARACTERISTICS AND TYPICAL OPERATION 

e 
AVERAGE CHARACTERISTICS UHF OSCILLATOR SERVICE 
Plate Voltage . . 100 150 Volts Plate Voltage. 

0 Volts Grid Resistor 
. . .  . Plate Current 4.0 Milliamperes 82 Ohms 

Amplification Factor 90 Frequency 4% Megacycles 
Transconductance. . . .  11500 10500 Micromhos Grid Current 0.5 Milliamperes 
Plate Current 9.0 7.5 Milliamperes Power Output, 

Q approximate 100 Milliwatts 

FOOTNOTES 
i The equipment designer should design the equipment so 

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

inserted in the slot in the base of the tube. turned ,90 
degrees, and attached to the chassis or circuit board with 
a 2-56 nut and lock washer. Torque used to tighten the nut 
should not exceed 3 inch-pounds. 

is recommended for applications requiring the longest 
possible tube life. The 8082 is also capable of operation a t  
envelope temperatures much higher than the rated maxi- 

One method of mounting the 8082 is to use a stainless-steel mum value. For specific recommendations concerning 
"T" bolt (see drawing) to attach the mounting base of the higher temperature operation, contact your General ' 
tube t o  a chassis or circuit board. The "T" bok should be 

I P Operation below the rated maximum envelope temperature 
; Heater current of a bogey tube at Ef = 6.3 volts. 

~ 6 Without external shield. 

Electric tube sales representative. 

I 

I SPECIAL PERFORMANCE TESTS 
Min. Bogey Max. 

Grid Recovery 
Change in Average Plate Current. . . . .  . . . . . . . . . . . . .  . . . . . .  0.6 Milliamperes 
Peak Plate Current Backswing. . , . . . . . . . . . . . . . .  . . .  . . .  1.0 Milliamperes 

Tubes with poor grid recovery affect arcuit operation when 

what as if a parallel RC circuit were in series with the grid. 
This effect may occur in tubes of any type, but is unimportant 
in many applications. In the majority of 8082 tubes the effect 
is negligible, but to eliminate the few in which it  may be 
excessive, tubes are tested under the following conditions : 
Ef = 6.3 volts, Ebb = 250 volts, RL = 0.01 meg, Ec adjusted 
for Xbs3.0 ma. 

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

is measured. The following diagram shows qualitatively the 
plate current-time relationship for a tube 'with poor grid 

PLATE CURRENT VS. TIME 
the grid is driven positive by a pulse of signal or noise, some- 4RID-RECOVERY TEST 

, 
~ 

-AVERAGE CURRLNT BWOlE PULSU ARZ A C K I L D  

C U K  PULSC CURRENT I :  I AVERAGE CURRENT WltW PULSES APPLIED 

JJ>[ --------l- -------------- --__-_ -_----__-___ 
t plate current is noted, and the peak plate current backswing t P U 6  PLATE CURRENT aACKSWING 

---------I-__ -- --__--_______ __-_-_________- . 
recovery! subjected to  this test. TIME 

Min. Bogey Max. 
Pulse Cathode Current 

Ef = 6.3 volts, Eb = 150 volts. Ec = - 10 voits. Grid is driven 7 volts . 
. . .  .90 positive with a pulse having a prr of 1000 pps and a duty factor of 0.01 . . .  . . . .  Milliamperes 

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

Statistical synple vibrated for f six hours, three hours in each of two planes. at a peak acceleration 
of 10G. Frequency i s  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 current. 

Shock 

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

Stability Life Test 
Test is evaluated for percent change in zero-bias 
eading to readings following 2 hours and 20 hours 

of the life test. 

Survival Rate Life Ta t  
The combined statistical s 
and open dements followi 

ed to the Dynamic an 
ely 100 hours of life t 

e Lik Tests are evaluated for shorted 

Statistical sample o at  maximum rated DC grid current and cathode 
current for a period of 1000 hours. Heater voltage is cycled (on 1 $i hours, off 1 i  hour). Tubes are evaluated, 
following 500 and 1000 hours of life test, for shorted or open elements, heater current, zero-bias trans- 
conductance, heater -cath , and interelectrode leakage resistance. 

120 ma peak cathode curreat, 0.01 duty factor, for 1000 hours. Heater 

electrode leakage resistanc 

, and evaluated for 

heater-cathodc; defects. 
e off, Eb = EC = 0 volts, 

s have deliberately been select gravate tube failures 
for test and evaluation purposes. In no sense should these conditions be interpreted as suitable circuit 
operating conditions. 
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AVERAGE CONSTANT-CURRENT CHARACTERlSTlCS 
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CONSTANT-CURRENT CURVES 
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10.62 METAL-GERAMIC TRIODE 

--DESCRIPTION AND RATING -- -- 

The 8083 is a high-mu triode of ceramic-and-metal planar construc- 
tion primarily intended for radio-frequency amplifier servic: from iow fre- 
qucnciet into the ultra-high frequency range. 

GENERAL 

ELECTRICAL 
Cathod&ated Unipotential 
Heater Characteristics and Rathe 
Heater Voltage, AC or DCt. . . . .  .6.3 10.3 Volts 
Heater Current$. .................. .0.24 Ampera 
Direct Interelectrode Capacitances4 

Grid to Plate: (g to p). ............ .1.2 pf 
Input: g to (h+k) ................ .lS pf 
Output: p to ( h t k ) .  ............ .0.032 pf 
Heater to Cathode: (h to k). ....... .1.5 pf 

MECH ANlCAl 

Mounting Position-Any l T  

MAXIMUM RATINGS 
ABSOLUTE-MAXIMUM VALUES 

Rate Voltage. ..................... ,250 Volts 
Peak Plate Voltage. . . . . . . . . . . . . . . .  .400 Volts 

Voltage. .......................... .o Volts 

Voltage. ......................... .SO Volts 

Positive Peak and DC Grid-to-Cathode 

Negative Peak and DC Grid-to-Cathode 

Rate  Dissipation. ................... 1.1 Watts 
DC Cathode Current. ............... .ll 
Heater-Cathode Voltage 

Heater Positive with Resped to 
Cathode. ....................... -50 

Heater Negative with Resrkct to 
cathode.. ....................... so 

GridCircuit Resistance. with Fired 
BiasA.. ........................ .O.Ol 

Envelope Temperature at Hottest - 
point#. .......................... .250 

Milliamperes 

Volts 

Volts 

Megohms 

C 

l=?t 

% O W -  -*- m- 

2-S6 
T H E  

Absolute-Maximum ratings are limiting values of operating 
and environmentcl 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- 
tiant. 

The tube manufacturer chooses these values to provide 
acceptable rerviceabilify 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 rube under conridtration and of 

ail other electron devices in the equipment. 
The equipment manufacturer 5h0uld design so that ini- 

tially and throughout l i fe  no absolute-maximum vaiue for 
the intended service i s  exceeded with any tube under the 
worst probable operating conditionsFwith respect to srrpply- 
voltage variation, equipment component variatisn, equip- 
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. 
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CHARACTERISTICS A N D  TYPICAL OPERATION 
AVERAGE CHARACTERISTKS 

Plate Resistance. approximate.. . . . . .  .9000 Ohms 
Transconductance . . . . . . . . . . . . .  .lo500 Micromhos Plate Voltage. ..................... .1SO Volts . 

... . . . . . . . . . . . . .  .... Grid Voltage. i +6.0 Volts Plate Current. . . . . . . . . . . . . . . . . . . .  .7.2 Milliamccrcs 
Cathode-Bias Resistor.. ............. -910 Ohms Grid Voltage, approximate 
Amplification Factor. ................ .94 Ib= 100 Microamperes. . . . . . . . . . . .  -2.2 Volts 

FOOTNOTES 
f The equipment designer should design the equipment so 

that heat& Voltage k Centered a t  the S d f i e d  bogey value. 
with heater supply variations restricted to maintain heater 
voltage within the specified tolerance. 

should not exceed 3 inch-pounds. 
of c i r ~ - ,  the 

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

t Heater current of a bogey tube at  Ef = 6.3 volts. ohms, and RL is the DC plate load resistance in ohms. 
8 Without external shield. P Operation below the rated maximum envelope temperature 
4 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 also capable of operation at  
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 
2-56 nut and lock washer. Torque used to tighten the nut 

AIf resistance is used in the 

Electric tube sales representative. 

SPECIAL PERfORMANCE TESTS 
:loximum 

: dse Figure 
Ef -6.3 volts, Ebb = 250 volts, Rk = 82 ohms, R, = 18000 ohms, F = 200 mc.. ................. 5.5 Decibels 

Grid Reco\ cry 
Change in Average Plate Current. .................................................... 0.6 Milliamperes 
Peak Plate Current Backswing.. ...................................................... 1.0 Milliamperes 

Tubes with poor grid recovery affect circuit operation, when the grid is 
driven positive by a pulse of signal or noise, somewhat as if a parallel RC 
Circuit were in series with the grid. This effect may occur in tubes of any 
type, but is unimportant in many applications. In the majority of 8083 
tubes the effect is negligible, but to  eliminate the few in which it may 
be excessive, tubes are tested under the following conditions: Ef = 6.3 volts, 
Ebb = 250 volts, RL = 0.01 meg, Ec adjusted for Ib = 3.0 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 is noted, and the 
peak plate current backswing is measured. The following diagram shows 
qualitatively the plate current-time relationship for a tube (with poor 
grid recovery) subjected to this test. 

. .  ;'. ' 

PLATE CURRENT VS. TIME 
-GRID RECOVERY TEST 
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SPECIAL PERFORMANCE TESTS (Continued) 

Low Pressure Voltage Breakdown Test 
Statistical sample tested for voltage breakdown at a pressure of 8mm 
Hg, to simulated an altitude of 104000 feet. Tubes shall not give visual 
evidence of flashover or corona when 300 volts RMS, 60 cps, is applied 
between the plate and grid terminals. - _  

.. ' 
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DEGRADATION RATE TESTS 

Fatigue I 

Statistical sampie cd for a total of s i x  hours. three hours in each of two planes, a t  a peak acceleration 
of 1OG. Frquenc). is continuously var id  from 30 cps to  2000 cps and back to 30 eps, with a period of ten 
&Utes. Tubes are operated during the test kith Ef = 6.3 volts, Eb - 150 volts, and Rk - 82 ohms. Follow- 
ing the tot, tubes are evduated for low frequency vibrational output. heater-cathode leakage, heater cur- 
mt, and transconductance. 

Shocfc 
Statistical sample subjected to 5 impact accelerations of approximately 45OG in each of four positions. 
The accelerating form ate applied by the Navy-type, High Impact (Byweight) Shock Machine using a 30' 
hammer angle. Tuba  arc mounted by T-bolt with 3 inch-pounds torque, and operated Curing the test 
with Et = 6.3 volts, Eb e 150 volts, Ehk = f 100 volts, Rg = 0.1 Meg. and Rk 582 ohms. Following the 
test, tubes are evaluated for low frequency vibrational output, heater-cathode leakage, heater current, 
and transconductance. 

Stability Life Test 

The statistical sample subjected to the Inter 
conductance of individual tubes, from the initial reading to readings following 2 hours and 20 hours of 
the life test. 

ent Life T s t  is evaluated for pernnt change in tms-  

- 
Survival Rate Life Test 

The statistical sample subjected to the Intamittent Life T a t  is evaluated for shorted and open elements 
and transconductance foIiowing approximately 100 hours of life test. 

Intermittent Life Test 
Statistical sample operated for 1000 hours under the following conditio f - 6.3 volts (c>-cl&--on 1 i 
hours, off j i  hour), Eb * 150 volts, Ecc = f6.0 votts, Ehk 3: - 70 volts d-c. Rk -910 ohms, and Rg = 0.1 
meg. T u b  are evaluated, foltowing $00 and 1000 hours of life test, for shorted and open elements, heater 
current, transconductance. heater-cathode leakage, and interelectrode leakage rcsistanct. 

. 

Interface Life Test ~ 

Statistical sample operated for 1000 hours with Ef - 6.6 volts, no other voltages applied. and evaluated for 
cathode interface resistance folIowing the life test. 

Heater-Cycling Life Test - -  

Statistical sample operated for 2000 cycles minimum to evaluate and control heatertathode dHects. 
Conditions of test include Ef - 7.0 volts cycled for one minute on ar.d one minute off, Eb = EC = 0 volts. 
and Ehk = 70 volts with heater positive with respect to cathode. Following this test, tubes ate evaluated 
for open heaters, heater-cathode shorts, and heater-cathode leakage current. 

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

Tho tubor and armnpwnents disclosed heroic may be coverod by patents of 
Gonorel C k t r i c  Componp or others. Hedhtr tho ditclosure of any informotton 
k r e i n  nor tho sot. of tuber by General Electric Company convoys any tisense 
under potont rlo~ms covering comainotions of rubor r i tn  other doweor or 

elements. In the absence of an e a D r w a  written oqrecment to the contrary, 
General Electric Company assumes nu I~ub#l.Iy for palent k'rtngcmenr arising 
out of any YIC of the tubes with other dewccs or eIe+~*nl5 by  any Purcharor of 
hlbos or orhors. 

. .  * ' I  . 
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AVERAGE PLATE CHARACTERISTICS 
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AVERAGE TRANSFER CHARACTER1 STICS 
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