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ABSTRACT 

During this second in t e r im  period, the diodes for  pore-type dispenser,  

coated particle,  and bar ium strontinum cathodes were  fabricated and 

exhausted for  use in this study of the life capability of three different 

thermionic cathode types. 

The diodes with pore-type dispenser cathodes have completed at 

leas t  576 hours  of life burning and a r e  operating satisfactorily a t  cathode 

temperature  f r o m  950°-1 100°C and at cathode cu r ren t  f r o m  0. 2A/cm2 
to 1.6A/crn . 2 

The diodes using coated particle cathodes have been tested up to 
2 0.275A/cm at 85OOC and appear satisfactory. Fur ther  tes t s  above 85OOC 

have been unsuccessful due to unexpected inhibited emission. 

The diodes using bar ium strontium oxide cathodes are at the preaging 

and testing stage, and appear likely to meet  the maximum operating 

condition of 0.60 A/cm2 at approximately 85OOC cathode temperature.  

... - 111 - 
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1 .0  INTRODUCTION 

- The Mater ia l  and Techniques Group of Raytheon's Microwave and Power  
Tube Operation is performing a study of the life capabilities of th ree  

different types of thermionic emitters for  the Jet Propulsion Laboratory,  

California Institute of Technology. 

The life capabilities of the following electron tube cathode types a r e  

to be evaluated for  a period of 2 years  of life testing. 

a. Pore-Type Dispenser Cathode 

b. Coated Par t ic le  Cathode 

c. Standard Bar ium Strontium Oxide Cathode. 

This r epor t  descr ibes  progress  in  the work accomplished during the 

second interim period of this study. 

of the cathodes, and assembly and exhaust of the test diodes. 

schedules for  each cathode type, and their  corresponding exhaust 

p re s su res ,  a r e  described in detail. 

Section 2. 0 descr ibes  the building 

The exhaust 

The electr ical  testing and selection of these diodes by zero  field 

em-ission and dip tests a r e  described in Section 3. 0. 

Difficulty has  been experienced in the performance of the coated par t ic le  

cathode. 

0. 275 A/cm2 at 85OOC. 
The test diodes show cathode temperature  saturation above 

Section 4. 0 descr ibes  the life test procedure and testing of diodes. 

T e s t  diodes with pore-type dispenser cathodes a r e  at 576 hours  of life 

burning and look satisfactory up to 1.6 A/cm 2 at llOO°C. 

- 1-1 - 
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2.0 CONSTRUCTION AND EXHAUST PROCESSING O F  TEST DIODES 

During this second in te r im period, construction of all t e s t  diodes 

was completed and these tube were  exhausted in accordance with the 
specifications as noted in In te r im Report  No. 1 ,Thermionic Cathode 

Evaluation Study (PT-1490). Figure 1 shows the diode assembly used 

f o r  a l l  these three  different cathode types. 

2.1 Pore-Type Dispenser Cathode 

The pore-type dispenser cathode (shown in F igures  2 and 3) is 

a porous tungsten s t ructure  of 20-2270 porosity impregnated with a molten 

mixture  of bar ium oxide, calcium oxide and aluminum oxide. 

pellet is  oc 0. 100 in. in  diameter and 0. 045 in. thick, with an emitting 

a r e a  of 0.05 sq cm. 

The emission 

Twenty-four t e s t  diodes of this type were  constructed, with 

assembly being ca r r i ed  out in  an air-conditioned and humidity-controlled 

room. 

Auxiliary metal  par t s  were  made  of molybdenum tantalum and/or 

nickel, and all pa r t s  were  constructed and cleaned in accordance with the 
specifications in PT-1490. Welds in the diodes were  performed by resis tance 

welding with a stream of helium gas blowing on the weld during the 

opera ti on. 

Cathode-to-anode spacing, in all cases ,  was held to  0. 015 

0. 001 in. to allow the diodes to operate with a maximum of 8 - 10 watts 

anode dissipation under the most  extreme test conditions required fo r  this 

study (E = lOOV, I 2 = 0.080 rnA o r  1.6 A/cm ). 
P P 

After the glass  envelopes w e r e  sealed to the diode assemblies ,  

the vehicles were  sealed onto the exhaust par t s  of the exhaust sys tem 

shown in Figure 4. 

- 2-1 - 
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Figure  4. Exhaust System for  Diode Tes t  Vehicle 
(Cathode Laboratory ) 
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In all, 4 loads of 6 diodes each using pore-type dispenser  cathodes 
were  exhausted in accordance with the procedures  noted in Tables I and 11. 

TABLE I 

Exhaust Unit Operation Through Bakeout 

1. 

2, 

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Open vacuum valve leading to 6 exhaust positions. 
a r e  off). 

Close valves leading to roughing and oil  diffusion pump systems.  

Open bleeder  valve, cut off g lass  exhaust tubes and seal-on 6 g lass  
diodes. 

Close bleeder valve and open vacuum valve to  roughing pump. 
until vacuum is at 5 microns  pressure .  

Fill liquid nitrogen cold t rap,  c lose roughing pump valve and open 
valve to oil diffusion pump system. 

Pump for  2 hours  o r  until vacuum is less than 5 x 

Turnon Vac-Ion pumps and pump until Vac-Ion pumps r ead  l e s s  thar 
5 x 10-5 to r r .  

Close off oil diffusion sys tem and valve off each individual Vac-Ion 
system. 

Pump until the 6 sys tems a r e  a t  1 x 10 

Lower electr ic  oven and heat  gradually to 450OC not allowing the 
vacuum to  exceed 5 x l o m 5  (2-hour period). 

Bake out diode at 450% for 16 hours. 

Shut off oven and cool for  2-hour period. 
10-9 t o r r  range. 

(Vac-Ion pumps 

Run 

tor r .  

-6 to r r .  

Vacuum should be on the 

- 2-5 - 
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TABLE I1 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

LO. 

Exhaust Pr oc e s sing 

P o r e  - Type Dispenser Cathodes 

-9 
After  bakeout, the vacuum on each diode should be  on the 10 
t o r r  scale. 

Slowly heat cathode to 1 100°C holding vacuum below 5 x 10 

Hold cathode at llOO°C for  30 minutes. 

After 15 minutes of cathode heating at 11 OOOC, heat  anode to 900°C 
for  1 minute by rf heating. 

Degas Getter. 

Turn off heater.  

Repeat steps 2 - 6 f o r  other 5 tubes. 

Seal-off 6 diodes. 
t o r r  scale. 

Flash Getters.  

Attach bakelite base to tubes. 

-5 . 

- 9  Vacuum on each tube should be  on the 1 0  

Table I11 presents  the minimum and maximum p r e s s u r e s  fo r  

each load of diodes at various s teps  during the bakeout and exhaust process .  

After tip-off, the get ters  were  flashed and bases  were  added 

to the tube. 

Initial heating and electrical testing showed that, of the 24 diodes 

exhausted, one was an air leaker  (leak at stem load). 

In all, 23 diodes were  ready for  e lectr ical  test and final 

selection for  life burning at the emission densities specified fo r  this 

study (16 diodes needed). 

- 2-6 - 
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3 

1 x l o +  
2 x 

TABLE I11 

3 4 

2 x 1 x 

3 x 8 x l o m 9  

P r e s s u r e s  a t  Exhaust 

Pore-Type Dispenser Cathodes 

Step 

P r e s s u r e  at start 

S t a r t  of bakeout 
lO0OC 

O v e n @  45OOC 

(2 hours  100-450OC) 

O v e n @  45OOC 

16 hours - bakeout 

Cool oven 2 hours  

p r e s  sure@ 

Time to hea t  cathode 

to  llOO°C p r e s s u r e  

, <5 
Cathode at 1 100 OC 

30 minutes 

Degas anode @ 
8OOOC - 1 minute 

highest pres su r  e 

P r e s s u r e  at tipoff 

Load No. 1 Load No. 2 LoadNo. 3 

2 x 5 x 3 x 
2 2 x 6 x 

13 - 31 30 - 34 18 - 33 
minutes minutes minutes 

4 x I 2 x l o -6  I 2 x 

LoadNo. 4 

2 x 
2 

3 

7 

1 x lo -6  

7 

1 
2 

5 

1 x 

41 - 55 
minute s 

1 

3 

2 

4 

1 x 

a 

P r e s s u r e  ranges indicated in  t o r r s  

- 2-7 - 
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2. 2 Coated Particle Cathodes 

The coated par t ic le  cathodes used in this study is a ba r ium 

stront ium oxide cathode, with each par t ic le  of oxide coating covered with a 

thin layer  of nickel metal. 

"Bell Labora tor ies  Record" dated December 1965 (as improved and revised 

by the Raytheon Company). 

The cathode is descr ibed in the publication, 

The cathode was prepared  by spraying the coated par t ic le  mix onto 

a 0. 1% z r  - ni cathode (Figure 5), to  a coating density of 1. 0 f 0. 1 gms/cc 

and a thickness of 0. 002 f 0. 005 in. 

0. 125 in. in  diameter ,  with an emitting area of 0. 0794 sq cm. 

The emitting surface of the cathode is 

Twenty-two t e s t  diodes were  constructed, with all meta l  pa r t s  

of the diode being made f r o m  grade A nickel alloy. 

s t ruc ted  and cleaned as noted in PT-1490. 

All  pa r t s  were  con- 

The diodes were  assembled in the manner  previously descr ibed 

for  pore-type diodes, with cathode-to-anode spacing held to 0. 015 f 0. 001 in. 

Four  loads of diodes using coated par t ic le  cathodes were  

exhausted by the method shown in Tables I and IV. 

each load of diodes was 6, 6, 5, and 5. 

diodes during exhaust a r e  shown in Table V. 

The number of tubes in  

P r e s s u r e  ranges for  each load of 
# 

Init ial  heating and electr ical  testing showed 2 diodes to  be 

defective (poor get ter  flash, air leaker  at s t e m  wire. 

diodes w e r e  used for  e lec t r ica l  t e s t  and selection fo r  l ife burning (16 diodes 

needed). 

The 20 remaining 

- 2-0 - 
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2. 
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15. 

0.094 in yo.oss i n  7 

i n  
in  
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MOTE: USE ONLY MUJllL AS LUBRlClWT FOR MACHIM116 

Figure  5. Emission Cathode 

TABLE IV 

Exhaust Processing 

Coated Par t ic le  Cathodes 

After hakcout, the vwuum on each diode should be on the t o r r  
scale.  

Degas Cf’tter. 

Outgas anode at  ‘lOO°C for 1 minute. 

Heat  cathode slowly to 850°C keeping p res su re  below 5 x 
(approxinutely 90 minutes). 

Raise cathode temperature to 1050°C rapidly and hold for 20  minutes. 

Draw 50 milliamper ‘ s  of current  to anode and hold for  3 minutes. 

Drop cathode temnerature to 950°C. 

Repeat s tep (6). 

Drop cathode temperature to 85OOC. 

Repeat step (6). 

Turn off heater. 

Repeat steps (2) - (11) for other 5 diodes. 

Seal off 6 diodes. 
scale. 

Flash Getter. 

Attach bakelite bases to tubes. 

torr 

Vacuum on each tube should be on the t o r r  

- 2-9  - 



TABLE V 

P r e s s u r e s  at Exhaust 

Coated Pa r t i c l e  Cathodes 

P r e s s u r e  at start 

8OOOC - 1 minute 

P r e s s u r e  ranges indicated in t o r r s  

- 2-10 - 



PT-1615 

2. 3 Bar ium Strontium Oxide Cathode 

The bar ium strontium oxide cathode consis ts  of the same 

metall ic body as used with the coated par t ic le  cathode, upon whose emitting 

face is sprayed a layer  of bar ium stront ium carbonates. 

A s  before, the spray density is 1. 0 f 0. 1 gms/cc and the coating 

thickness is 0. 002 f 0. 0005 in. 

0. 125 in. in diameter  and i t s  a r e a  ia 0. 0794 sq cm. 

The emitting surface of the cathode is 

The diodes, par t s  and assembly, a r e  the same as used with the 

coated particle cathodes. 

Four  loads of diodes (6, 6, 5, and 4) using ba r ium strontium 

oxide cathodes were  baked out and exhausted by the procedure noted in 

Table I and VI. 
cycle a r e  shown in Table VII, on the next page. 

P r e s s u r e  ranges fo r  each load of diodes during the exhaust 

TABLE VI 

Exhaust Pr oc e s sing 

Barium Strontium Oxide Cathodes 

1 .  

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

1 1 .  

After bakeout, the vacuum on each diode should be on the 
scale. 

t o r r  

Degas Getter. 

Outgas anode at 9OOOC for  1 minute. 

Heat cathode to 105OOC keeping p res su re  below 1 x 10 
(approximately 10 minutes). 

Hold 5 minutes at 1050OC. 

Drop cathode temperature  to 95OOC and hold 10 minutes. 

-4 t o r r  

Turn off heater. 

Repeat s teps  (2) - (7) for  other 5 diodes. 

Sea l  off 6 diodes. Vacuum on each tube should be on the 
scale. 

t o r r  

Flash Getter. 

Attach bakelite bases  to tubes. 

- 2-11 - 
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Step 

P r e s s u r e  at start 

Start of bakeout 

TABLE VI1 

Load No. 9 Load No. 10 

2 x 2 

2 5 

4 x 8 x l o m 7  

P r e s s u r e  at Exhaust 

Bar ium Strontium Oxide Cathode 

Load No. 11 

5 

1 x 
4 

Load No. 12 

1 

5 

4 x 
lO0OC 

Oven @ 45OOC 

(2 hours  100-450OC) 8 x l o m 6  4 x 

Oven @ 45OOC 1 1 

5 x 9 l o m 7  
1 x lo-b  3 x 

16 hours  - bakeout 2 1 

Cool oven 2 hours  8 x 6 x l o m 8  

105OOC p r e s s u r e  

I I I 

7 x  101; j:" 101; 1 
2 x 10 x 10 

11 - 18 12 - 2 2  
minutes minutes 

4 2 

9x10:: /bx 10;; I 
2 x 10 3 x 1 0  l X  101: i;x '"ti 1 
2 x 10 x 10 

x x 10 

Time in minutes o r  hours  
P r e s s u r e  ranges indicated in t o r r s  

- 2-12 - 
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Initial heating and electr ical  testing showed all 21 diodes to be 

a sat isfactory for  l ife burning selection (16 diodes needed). 

.. 2-13 - 
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3.0 ELECTRICAL TESTING AND SELECTION OF TEST DIODES FOR 

LIFE BURNING 

All t e s t  diodes constructed and exhausted a r e  being aged a t  t empera tures  

compatible for  the particular type of cathode used. P l a t e  voltage (50V dc) 

i s  applied to the diodes during the aging cycle to stabilize their  thermionic 

emission levels. 

- 

After this period of aging, the cathodes a r e  being tested for compliance 

with the J P L  specifications noted in  Figure 6 and Table VIII. If the diode 

shows proper  zero  field cu r ren t  level a t  the lowest possible cathode tem-  

perature  for the required electr ical  t es t  specification (Table VIII), it i s  

then tested for  dip tempera ture  according to the schematic diagram shown 

in Figure 7. 

TABLE VIII 

Electr ical  Tes t  P rocedures  ( J P L  Specification) 

Diode Selection Life - T e s t  Operation 

Oxide r 
Cathodes 

I 

Life Z e r o  F ie ld  

~1 
1000 T 4  

- 3-1 - 



ANODE VOLTAGE 
654815 

Figure 6 Curren t  Density Level ( J P L  Specification) 

200 V DC SUPPLY 

MODEL ABC 200M 

H O U S T O N  

X -  Y RECORDED 

I MODEL HR-96  * F I LAMENT 
SUPPLY 

2 

T.U.T. u 
INFRARED 
PYROMETER 

THERMODOT 

MODEL TD-6 BH 

6 5 4 8 1 6  T . U . T .  - TUBE UNDER TEST 

P I N  2 - HEATER 
P I N  7 - HEATER, CATHODE 

P I N  8 - ANODE 

Figure 7 Dip Tes t  of Diode Vehicles 
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In testing for  dip temperature ,  the diode i s  set into the e lec t r ica l  

socket with the anode flap in  the open position. 

t empera ture  (in "C) is read  and s e t  using an optical pyrometer.  

pyrometer  then is focused on the cathode sur face  and is cal ibrated and s e t  

to r e a d  the brightness tempera ture  of the cathode surface,  f r o m  the pre- 

scr ibed tempera ture  to room temperature ,  on the X-axis o r  absc issa  of the 

XY Houston recorder .  

cu r ren t  on the Y-ax i s  o r  ordinate, f r o m  the des i red  cu r ren t  level in 

mi l l iamperes  to  zero  current .  

Cathode brightness 

The inf ra red  

Anode voltage on the diode is s e t  to r ead  the anode , 

After the diode has been properly s e t  and calibrated for  cathode 

brightness tempera ture  and anode cur ren t ,  the hea ter  voltage is turned off 

to allow the changes in characteristics to be recorded. 

reaches 50% of its init ial  level, the hea ter  voltage is turned on again. 

curve that is obtained by this method is  then used to determine dip temper-  

ature.  

to the initial anode cu r ren t  level  on the Y-axis ,  where the point of intercept  

on the X-axis i s  taken as the dip temperature .  

When  anode cu r ren t  

The 

The temperature- l imited portion of the curve is extrapolated back 

This method of thermionic emission evaluation provides a measu re  

of the length of the space charge region of the cathode in terms of 

temperature .  

, Diodes which successfully pass  the zero  field cu r ren t  and dip t e s t s  
a r e  used for  life burning evaluation of the three  cathode types. 

3. 1 Pore-Type Dispenser Cathodes 

The t e s t  diodes using pore-type dispenser  cathodes were  

numbered for  identification: M1 through M24. 

They were  first tes ted for  ze ro  field cu r ren t  in accordance with 

the des i red  specification. 

density for  two diodes using pore-type dispenser cathodes. 

level  for  tube M-3 is shown on the Y-axis  on the left  and for  tube M-4 in the 

right side of the graph. 

F igure  8 shows a plot of ze ro  field cu r ren t  

The cu r ren t  

- 3-3  - 
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The square root  of the voltage (m) is plotted against  the 
P 

mil l iamperes  of plate cur ren t  for  the diodes M3 and M4 at three different 

cathode temperatures .  

3 volts, at which point the zero  field cur ren t  was determined. 

in ze ro  field current level is less than 2% at 

It should be noted that the lowest shown is 
The e r r o r  

P 

= 3 volts. 
P 

F o r  these two diodes, 9OOOC was determined to be the proper  

tempera ture  for  operation of the diodes under the T1 condition for pore-  

type dispenser cathodes (Table VIII, Electrical T e s t  Procedure).  The 2 

tubes had a ze ro  field cu r ren t  level of N 0.4 A/cm 

20 = 0.4 A/cm ). However, a subsequent dip t e s t  showed the two tubes 

to be operating in the temperature-limited emission region. 

found that the prescr ibed ze ro  field cu r ren t  levels for T2, T 3  and T4 diode 

operation were  too low for  pore-type dispenser cathodes. The diodes were  

all temperature-limited under these conditions and showed no drop in dip 

temperature  f r o m  the operating temperature.  

2 at 9OOOC (0. 020 mA x 
2 

It was a l so  

After a conference with the JPL representative,  it was decided 

to r a i s e  the ze ro  field cu r ren t  levels a t  ea tes t  condition to give a dip 

temperature  approximately 50 OC lower than the operating temperature.  

Table IX shows the selected zero  field cu r ren t  levels and temperatures  

used fo r  t e s t  and evaluation of pore-type dispenser cathodes. 

The tubes tested at T4 did not show cu r ren t  saturation a t  11 OOOC 

at the highest anode voltage (200V) that could be used on the diode. 

this voltage, the diodes showed overheating of the anode with the cathode 

current  running far above normal  cur ren t  ratings. 
2 llOO°C the ze ro  field cu r ren t  should be in the range of 2. 5 amps/cm . 

Above 

It is  estimated that at 

Final temperatures  selected were  95OOC at T1, 985OC at T2, 

1035OC at T3 and 100°C at T4. 

The dip temperatures  were  determined for  each tube a t  the 

four  T1 temperatures  and eight operating cur ren t  levels. 

the dip temperatures  a r e  plotted in Figures  9, 10, 11, and 12. 

The resul ts  for 

- 3-5 - 
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TABLE IX 

Zero  Field Curren t  Levels 

P o r e  - Type Dispenser Cathodes 

- 3-6 - 



10.0 

8.75 

U 

I 7 . M  
I- 
Y 
a 
m 

,,, 6.25 
n 

5 

3 
0 

5.m 

3.71 

2.5( 
$ 

7.5 

- 888% fc 880% 

- 

1 927 mu en 843 
CATHODE PC,, 

20.0 

M3 M i  

5 . 0 1 ~  
950 927 a n  a43 

CATHODE PC, ,  s 3 7 m a  

Figure  9 Pore-Type Dispenser Cathode Dip Tes t  

17.5 - 

15.0 - 
U 

I 

I- 
I 

12.5 - 
3 0 

5.01 I 

985 954 927 899 866 
CATHODE PC,, 

w. 

35.0 - 

30.0 - e. 

I 

c a E 25.0- 
a u 

a < 
20 a 

I5 .O t 
M i l  

M I 2  

lO.0l 8 I 

985 954 927 899 866 
CATHODE P C , ,  6 5 7 3 0 4  

Figure 10 Pore-Type Dispenser Cathode Dip Tes t  

, 

- 3 - 7  - 



/-- 965OC I 

T3 - 0.6 A l c d  

14 

101 a 

1035 1005 980 949 913 
CATHODE P C , ,  

20t 
1035 1005 980 949 913 

CATHODE PC,, 6 5 7 3 9 2  

Figure 11 Pore-Type Dispenser Cathode Dip Tes t  

/- 997oc 

T, - 0.8 A/cd 

1 1065 1082 999 969 9221 
CATHODE Toc,, 

/-- IO49OC 

' 1066 I032 999 968 92 
CATWOOE PC, ,  657591 

Figure 12  Pore-Type Dispenser Cathode Dip Tes t  

- 3-8 - 



PT-1615 

An analysis  of the results showed the dip tempera tures  to  be 

50 - 103OC lower than the operating tempera ture  at the lower cu r ren t  

operating levels  with the four different tempera ture  conditions. 

At the higher cu r ren t  density levels with the four tempera ture  

conditions, the dip tempera tures  were  21 - 72OC lower than the operating 

conditions. 

At this point, the diodes with the pore-type dispenser  cathodes 

were  considered to be ready for  life burning. 

3. 2 Coated Particle Cathodes 

The diodes using coated par t ic le  cathodes were  numbered f o r  

identification: C 1 through C24. 

At the close of the second in t e r im  period of this  study, the t e s t  

diodes were  still a t  the aging stage f o r  evaluation of ze ro  field cu r ren t  and 

dip temperature.  Final life test selection has not been made. 

The ze ro  field cur ren ts  a t  805OC a r e  ranging f r o m  0. 5 to 0.64 
2 2 

amps/cm 
density requirements  a r e  being met at 85OOC. 

f r o m  dip tempera ture  measurements .  
drawing 0. 275 amps/cm , the dip temperature  has been determined to be 

between 770 - 800OC. The diodes a r e  being aged fur ther  and tested for 

T2 cu r ren t  density requirements  at elevated temperature  above 850OC. 

and at 85OOC f r o m  0. 57 to 0.76 amps /cm . The T1 cu r ren t  

W i t h  the diodes set at 85OOC and 

This has  been determined 

2 
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2 

at 805OC to 0.67 A/cm2 at 85OOC is considered to be anomalously small 

in comparison with the coated particle cathode behavior observed in 

specific tube applications at Raytheon. 

be attempted by a consideration of the following factors :  

The inc rease  in average ze ro  field cu r ren t  f r o m  0.57 A/cm 

A resolution of this i s sue  will  

1. 

2. 

CW vs pulsed operation of the diode; 

Activity level of the Ni (i. e., comparison of high and low 

percentage of reducing impurit ies;  and 

Diode processing to minimize residual  gases. 3 .  

3. 3 Barium Strontium Oxide Cathodes 

The diodes using bar ium strontium oxide cathodes were  numbered 

f o r  identification: 01 through 024. 

These tes t  diodes a r e  a t  the aging and evaluation stage for  ze ro  

field cu r ren t  and dip temperatures.  

At present, it appears  that the diodes will mee t  the maximum 
2 T4 operating condition of 0.60 amps/cm a t  N 850OC. 

Not all the diodes has  been aged a t  the conclusion of this 

second in te r im period and the ze ro  field cu r ren t  levels and dip temperatures  

have not been determined. 

- 3-10 - 
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4. 0 LIFE BURNING AND TESTING O F  TEST DIODES 

"% 

Currently,  test diodes using pore-type dispenser cathodes a r e  at 

life burning on the t e s t  rack  constructed fo r  this study. 

This cathode life t e s t  rack, designed by Raytheon personnel and 

constructed by the Cober Electronics Company of Stanford, Connecticut, 

is  designated a Cober Model No. 1369. 

position having its own heater  and plate voltage control. 

is divided into 3 banks of 16 sockets each. 

filament supply which can deliver 24 volts at 20 amperes  ac  to each bank. 
Each socket has a 4-ohm 50-watt rheostat  to adjust  filament cu r ren t  for  

individual control of cathode temperature.  The cathode temperature  can 

be varied up to 100°C on each bank over the 8OOOC - llOO°C range setting on 

the particular bank. 

It has 48 test positions with each 
The equipment 

Each bank has its own regulated 

A variable constant plate voltage is supplied to each socket in the 

range of 25 to 200 V dc. Each socket has  its own transis tor ized module 

f o r  adjustment of plate voltage which feeds f r o m  two Technipower solid- 

state model L-100, 0 - 6. 0 M regulated power supplies. 

4.1 Pore-Type Dispenser Cathode 

At the end of the second in te r im period of this study, the diodes 

specifications had completed 757 hours  of life burning. at the T1, T2 and T 

The test diodes at the T4 specification had completed 576 hours  of life 

burning. Tes t  resul ts  are shown in Tables X through XVII. 

3 

The diodes were  placed in the sockets on two different banks on 

Each diode was 

The plate 

the t e s t  rack  and s e t  a t  9. OV Ef and 11. 0 Efj respectively. 
set at its proper  temperature  using optical temperature  control. 

voltage power supplies were  s e t  at 110 volts dc an and each diode was adjusted 

to a constant anode voltage to draw the specified cathode cur ren t  for  the test 

diode. Initial dip temperatures  were  previously noted in Figures  9 through 12. 
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12. 0 
1 2 . 2  

1 2 . 1  

12.2 

11.9 

11.7 

12.4 

12. 7 

TABLE X 

880 

880 

880 

874 

901 

885 
--- 
895 

Diode 

12.5 

12. 7 

12.6 

12.5 

12.7 

12.6 

13. 0 

13. 0 

M1 

E = 39V 
P 

Ef = 9. OV 

888 

90 1 

91 1 

895 

91 3 

88 5 
--- 
895 

M4 
E = 26.0V 

P 
Ef = 9. OV 

Life T e s t  Resul ts  

P o r e  -Type Dispenser  Cathodes 

T1 = 95OOC 0.20 amps/em 2 

Hours  

0 

16 

92 
184 

305 

423 

592 
757 

0 

16 
92 

184 

305 

423 

592 

757 

T OC 

950 

948 

950 

949 

948 
950 
950 

950 

9 50 

952 

951 

950 

949 

950 

950 

950 

fp 
10. 0 
10. 0 

10. 0 

10. 2 

10. 2 

10. 2 

10. 0 
10. 0 

10. 0 

10.0 

10. 0 

9. 9 
10. 0 

9. 9 
10. 0 

10. 0 

P- 
8.4 
8. 2 

7. 9 
8. 1 

7. 8 

8. 2 

8. 2 

8. 2 

. - 22v P 
8. 3 

8. 3 

8. 2 

8. 3 

8. 2 

8. 2 

8. 4 

8. 4 

@ 904O( 
P 
8. 70 

8. 65 
8. 65 

8, 80 

8. 75 

8. 80 
---- 
8. 3 

8. 80 

8. 76 

8. 35 

8. 65 

8. 65 

8. 75 
---- 
8. 60 
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TABLE XI 

Life T e s t  Resul ts  

Pore-Type Dispenser Cathodes 

T1 = 95OOC 0.40 amps/cm 2 

Diode 

M2 

E = 49V 
P 

Ef = 9. OV 

M3 

E = 35V 
P 

Ef = 9. OV 

Hours  

0 

16 

92 
184 

305 

423 

592 
757 

0 

16  
92 

184 

305 

423 

592 

757 

TOC 

950 

950 

950 

950 

950 

952 

952 

950 

950 

951 

950 

950 

94 9 
952 

950 

953 

I 
P 

20. 0 

20. 0 

19. 7 
20. 1 

19. 9 
20. 8 
21.0 

21.0 

20. 0 

20,4 

20. 2 

20. 5 

20. 5 

20. 3 

21.5 

21.5 

-39v 

15. 1 

15. 2 

14. 9 
15. 3 

14. 9 
15. 7 

15. 8 

15. 8 

P 

-28V 
P 

16. 5 

16. 7 

15. 6 
16. 0 

15. 7 

16. 5 

16.4 

16.4 

I -59v 

27. 3 

27. 3 

26. 8 
27. 1 

27. 1 

27. 0 

26. 3 

26. 4 

P 

I -42V 
P 

27. 0 

26.8 
27. 2 

27. 3 

27. 3 

27. 0 

26. 9 
27. 0 

D TOC 
IP 

91 6 
880 

880 

904 

885 

890 
--- 
895 

897 

901 

91 2 

886 
885 

895 
--- 
891 

I @904OC 
P 

19. 3 

18. 5 

18. 5 
17. 6 
18. 8 

18. 0 
- - -e  

18. 0 

15. 0 

15. 3 

15. 8 

18. 9 
18. 3 

17. 5 

18. 0 
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TABLE XI1 

20.0 

20. 0 

20. 3 

19. 7 

20. 0 
20. 0 

19. 9 
20. 0 

Life T e s t  Resul ts  

P o r e  - Type Dispenser  G athode s 

T2 = 985OC 0.40 arnps/crn2 

- 16.8 
15. 6 
16. 5 

15. 2 

15. 5 
15. 8 

15. 1 

15. 4 

Diode 

20, 3 

20. 3 

20. 5 

20. 2 

21. 2 

21. 2 

21. 2 

Hours  

14. 3 

14. 3 

14. 7 

15.0 

15.2 

15.0 

15. 0 

M7 

E = 34.5V 
P 

Ef = 9. OV 

M9 
E r 4 0 V  

P 
Ef = 9. OV 

0 

16 
92 

184 

305 

423 

592 
757 

0 

16 
92 

184 

305 

42 3 

592 

757 

TOG 

98 5 

986 
98 5 

98 5 

98 1 
985 

984 

98 5 

98 5 

983 
98 5 
984 

98 7 

98 5 

984 
98 6 

I I -28V 
P I P  

I 

IIp-30V 

2 0 . 0 1 1 4 . 6  

1 

I -42V 
P 

27. 5 
26. 5 

26. 8 
24. 5 

25. 9 
25. 9 
24. 5 

25. 0 

I -5OV 
P 

28. 5 

29. 5 

28. 8 
29. 0 

28. 2 

28. 0 

27. 9 
27. 8 

DIpToC 

899 
957 

970 

971 

9 54 

954 
--- 
958 

91 0 

94 1 
945 

931 

932 

93 7 
--- 
938 

I @ 936OC 
T) 

19. 3 

17. 5 

16. 5 

17. 0 

17. 4 
18. 1 
-c-- 

16. 4 

18. 8 
16. 0 

15. 1 
14. 0 

18. 0 

17. 6 
-L-- 

17. 5 
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40. 0 

40. 0 

38. 2 

38. 4 

36. 0 
36. 5 
36. 3 

35. 9 

Life T e s t  Results 

Pore-Type Dispenser  Cathodes 

T2  = 985OC 0.80 amps/cm 
2 

32.0 

32.0 

30. 7 
31. 7 

28. 5 
29. 0 
29. 0 
29. 0 

Diode 

40. 0 
40. 5 

40. 0 

40. 5 

39. 0 

39. 8 

38. 7 

39. 0 

Hours  

31.0 

31.3 

31. 0 

31.4 

30. 3 

31.0 

29. 3 

30. 0 

TOC 

M11 

E = 65V 
P 

Ef = 9. OV 

M12 
E = 54V 

P 
,Ef = 9. OV 

0 

16 

92 

184 

305 

423 

592 
757 

0 

16 

92 
184 

305 

423 

592 

757 

98 5 

987 

98 6 

98 5 

98 5 

98 3 

984 

98 6 

98 5 

98 5 

984 

98 6 

98 3 

984 

98 5 

98 5 

I I -54v 
P , P  

I -76V 

49. 5 

48. 0 

45. 8 

46. 8 

42. 2 

43. 7 

43. 8 
42. 3 

I -64V 
P 

50. 0 

50. 7 

50. 0 

50. 2 

48. 5 

49.5 

48. 0 

49. 5 

P 
D TOC 

964 
975 

98 2 

968 
96 7 

964 

I? 

--- 
966 

91 3 

943 

940 
920 

932 

92 5 
--- 
938 

I @936OC 
P 

28. 0 

33. 0 

31. 0 
32. 5 
33. 5 
33. 0 
---- 
33.0 

38. 0 
30. 0 

35. 0 

38. 5 

37. 0 

35. 0 
---- 
36. 0 
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TABLE XIV 

Life T e s t  Results 

P o r e  - Type Dispenser Cathodes 
T3 = 1035OC 0.60 amps/cm 2 

Diode 

M13 
E 3: 45V 

P 
Ef = 11.OV 

M18 
E = 48.5V 

P 
Ef = 11.OV 

Hours 

0 

16 
92 

184 

305 

423 

592 
757 

0 

16 
92 

184 

305 

42 3 

592 

757 

T OC 

1035 

1037 

1034 

1033 

1033 

1035 

1034 

1036 

1035 

1036 

1032 

1035 

1035 

1034 

1037 

1035 

I I -36V 
P , P  

30. 0 22. 5 

30. 8 22. 9 
30. 4 22. 8 
30. 9 23. 2 

30. 1 22. 7 

30. 7 22.8 

29. 4 22. 0 

29. 8 22. 2 

30. 0 

28. 0 2. 18 

29. 2 22. 4 

29. 2 22.4 

25. 5 19.8 
28. 0 21.7 

26. 0 22. 0 

27. 0 20. 8 

I -54v 

38. 5 

39. 0 

38. 8 

39. 6 
39. 7 

39. 1 
37.1 

38. 0 

I -59v 

38. 0 

37. 0 

37. 5 

36. 8 

32. 0 

36. 0 

33.0 

34.2 

P 

P 

DIpToC 

965 
952 

945 
91 3 

925 

949 
--- 
93 5 

94 9 
980 

98 5 

98 0 

99 3 

99 1 
--- 
98 3 

I @ 1005O( 
P 

29. 2 

29. 0 

29. 2 

28. 8 
29. 2 

26. 8 
---- 
28. 4 

29. 2 

28. 8 
27. 6 
27. 0 

27. 0 

26. 4 
---- 
26.4 

- 4-6 - 



TABLE XV 

I 
P 

Life T e s t  Resul ts  

P o r e  - Type Dispenser Cathodes 
t 

T3 = 1035OC 1.20 amps/cm 2 

I -72V 
P 

Diode Hours  

M17 

E = 90V 
P 

Ef = 11.OV 

M14 

E = 98V 
P 

Ef = 11.OV 

0 

16 
92 

184 

305 

42 3 

592 

757 

0 

16 
92 

184 

305 

42 3 

592 

757 

TOC 

1035 

1033 
1035 

1036 

1034 

1033 

1036 

1034 

1035 

1035 

1037 

1034 

1037 

1035 

1035 

1037 

60. 0 

61. 0 
54. 5 

58. 5 

58. 7 

57. 4 

53. 9 
54. 0 

60. 0 

61. 4 
58. 5 

60. 4 

56. 0 

57. 0 

53. 2 

52. 9 

45. 0 

45. 5 

41. 0 

43. 5 

38. 0 

43.0 
40. 0 

40.8 

' -78V 
P 

44. 5 

45. 0 

44. 5 

45. 0 

42. 0 

42. 0 

39. 7 

39.3 

I -108V 
P 

78. 5 

75. 9 
67. 5 

75. 0 

63. 0 

71. 0 

66. 0 

68. 0 

I -118V + 
78.5 

75.0 

76. 5 

71. 0 

71. 5 

70.4 

67. 2 

DIpToC 

99 3 

1020 

1007 

1017 

1002 

1008 
---- 

997 

995 
975 

975 

976 

967 

963 
--- 
969 

I @ 1005°C 
P 

55. 5 

52. 5 
51. 5 

51. 2 

50. 8 

51. 2 
---- 
53. 6 

56. 0 

56. 0 

55. 5 

55. 5 

52. 2 

56. 4 
---- 
57. 4 
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TABLE XVI 

M2 1 

E =67V 
P 

Ef = 11.OV 

M2 3 

E = 73V 
P 

Ef = 11. OV 

Life T e s t  Resul ts  

Pore-Type Dispenser  Cathodes 

T4  at llOO°C 0.8 amps/cm 2 

0 

18 

118 

261 

432 

576 

0 

18 

118 

261 

43 2 

5 76 

Diode Hours  

40. 0 

40. 7 

38. 2 

38. 6 
37. 9 
39. 2 

23. 0 

23. 0 
22. 0 

22. 0 

21. 8 

22. 8 

T OC 

40. 0 

40. 4 

38. 2 

40. 0 

40. 0 

40. 8 

1100 

1102 

1097 

1099 
1104 

1102 

1100 

1104 

1100 

1102 

1100 

1100 

24. 0 

27. 5 

23. 4 

24. 5 

25. 5 

25. 9 

I I -43v 
P , P  

I -81V 
P 

52. 0 

52.4 

49. 2 

49. 0 

48. 0 

49. 9 

I -87V 
P 

51. 0 

50. 8 

48.4 

50. 0 

49. 8 

47. 0 

DIpToC 

957 
1005 

1002 

976 
---- 

995 

997 

963 

976 

1035 
---- 
1045 

I @ 1045O( 
P 

37. 6 
37. 0 

35. 0 

33. 5 
---- 
34. 0 

38. 0 

37. 0 

33. 2 

31. 0 
---- 
31. 0 
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TABLE XVII 

Life T e s t  Resul ts  

Pore-Type  Dispenser  Cathodes 

T4 llOO°C 1.6 arnps/crn2 

Diode 

M19 

E = llOV 
P 

Ef = 11.OV 

M22 
Ep I l06V 

Ef = 11.OV 

Hours  

0 

18 
118 

261 

432 

576 

0 

18 

118 

261 

432 

576 

T OC 

1100 

1104 

1105 

1102 

1100 

1104 

1100 

1102 

1105 

1100 

1104 

1102 

- Ip-89V I 
P 

80. 0 

83. 0 

77, 7 
78. 7 

79. 0 

80. 2 

80. 0 

87. 0 

82. 0 

83. 0 
85. 0 

85. 0 - 

61.0 

72.4 

59.0 

62. 0 

62. 0 

61. 3 

I -84V 
P 

59.0 

65. 5 

62.8 

64. 5 

65. 3 

66. 5 

- 

I -132V 
P 
94. 0 

108.0 

98. 0 
100.0 

98. 5 
100.0 

I -128V 
P 

100.0 

110.0 

107. 0 
110.0 

110.0 

110.0 

DIpT OC 

1049 

1029 

1006 

1037 
---- 
1039 

1039 

1042 

1052 

1038 
e--- 

1030 

I @ 1045OC 
P 

77. 0 

81. 0 

71. 5 

66. 0 
-e-- 

75. 0 

73. 0 

77. 0 

66. 5 

65. 0 
---- 
73. 0 
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After the diodes were  s e t  for  operating parameters ,  they were  

burned for  the t ime noted in  Table X through XVII. 

At the stated t ime intervals,  the diodes were  checked fo r  

cathode tempera ture  and anode cu r ren t  at the predetermined constant 

plate voltages. 

plate voltage. 

Then, plate cur ren t  can read  a t  f 2070 of the prescr ibed 

The diodes were  tested f o r  dip tempera ture  a t  each interval 

of life burning. 

determined from the curve tracing obtained by the dip tes t  method. 

Cathode cu r ren t  at 9570 of the operating tempera ture  was 

After the electr ical  testing was 2ornpleted, the diodes were  

replaced on the l ife burning rack, recalibrated,  and allowed to run until 

the next t e s t  interval. 

An analysis of the tes t  data shows 4 diodes out of 16 to have 

changed 10% in the operating anode cur ren t  at a constant voltage. 

diode a t  T 2  - 0.8 A/cm , one diode a t  Tg - 0.6 A/cm2, and two diodes 

a t  Tg  - 1.2 A/cm have shown this change in cathode current.  

present  t ime, no significance o r  reason can be assigned to this change 

of 10% in anode cur ren t  fo r  4 diodes. 

the tes t  data i s  necessa ry  before any conclusions can be drawn f r o m  the 

te  s t r e  sult  s. 

One 
2 

2 At the 

Fur ther  life burning and analysis of 

In summary, the diodes a r e  operating satisfactorily up to this 

t ime in life burning. 
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5.0 PLANS FOR THE THIRD INTERIM PERIOD 

The third in te r im period of this study, f r o m  October 1 to December 

31,  1967, wi l l  include the following work schedule: 

a. Continue life testing of pore-type dispenser cathodes. 

b. Review and reevaluate t e s t  diodes using coated particle cathodes. 

c. P r e a g e  and tes t  diodes using ba r ium strontium oxide cathodes. 

d. S t a r t  life testing of bar ium strontium oxide cathodes. 
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