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ABSTRACT 

l-unhiT tpiif ol the offccti of hijih currfnt-den«ity electron bomharH- 
.m-nt (0. 7S A/cm^l ami of reiiduat oxyncn (^1. 5 x lO'5 Torr) on the gecondary 
«•mission ratio (A) wore jjerformed in the Electron Bombardment Vehicle 
lEBV).    6max for a  U)0A electron-beam-evaporated layer of alumina on 
molybdenum increased from 2.0 to 3.8 due to O, pressure of 1. S * |0-5 Torr 
and decreaaed from 3. K to 2. 0 due to 0. 75 A/crn2 electron bomba- Imcnt 
without oxyyen.    6_ax for an anodi/ed beryllium target (3Ü0A oxi lc laytr) 
increased from  1. q to >,. 0 under the same Oi treatment. 

Operation of the QKS1347 CFA test vehicle lor more than 200 hours 
has shown that the available emission (using the Oi dispenser) from an 
evaporated aiuminum-on-copper cold cathode appears to have stabilized 
near a peak current of 40 amperes (-2 A/nm2) at a 0. 002 duty factor. 
Approximately 70 hours of operation were obtained at 2. 5 A/cm2. 
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FOREWORD 

Long-life cold cathode studies for crossed-field tubes are authorized 
by the United States Army Electronics Command,   Fort Monmouth,   New 
Jersey   under DA Project No.   7900-21-223-12-00.    The work was prepared 
under the support of the Advanced Research Projects Agency under Order 
No.   345 and is conducted under the technical guidance of the U. S.  Army 
Electronics Command,   Fort Monmouth,   N.J.   07703. 
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1. INTRODUCTION 

The objective of the present cold cathode study program is to 
achieve long life cold-cathode performance for crossed-field amplifiers. 
This program is being performed for the United States Army Electronics 
Command,   Fort Monmouth,   New Jersey,   under contract DA-28-043-AMC- 
01698(E). 

In this study,   selected cold cathode materials will be evaluated 
as to their secondary emission properties,   their ability to withstand environ- 
mental factors expected in a crossed-field amplifier,   and their crossed-field 
amplifier performance.    Based on the above experimental information and 
pertinent theoretical calculations,   a life prediction chart will be established 
for a number of cold cathode materials. 

The program is divided into two concurrent phases,    Phase A 
being concerned with the measurement of various pertinent properties of 
cold cathode materials outside of the tube environment,   and Phase P involving 
the evaluation and life testing of selected cathodes in a crossed-field 
amplifier. 

The first quarterly report of this contract (Technical Report 
ECOM 01698-1) contains a discussion of the objectives and plans for the 
over-all program.    Quarterly Report No.   5 contains a description of the 
CFA test vehicles used in this program. 

2. PHASE A - MATERIALS EVALUATION 

2' 1      Electron Bombardment Evaluation.    During the present quarter, 
several samples were evaluated in the Electron Bombardment Vehicle (EBV). 
The effort on secondary emission ratio (6) of high current-density electron 
bombardment (up to 0. 75 A/cm2) was measured as well as recovery with 
oxygen.     These samples were as follows: 

a. 

b. 

c. 

d. 

e. 

a. 

b. 

300A aluminum-oxide layer on 1100 aluminum (anodically 
oxidized) - 20 hour continuation of sample A-2. 

Another anodized 1100 Al sample  (like A-2) - sample A3 for 
30 hours. 

A nickel-cermet sample for 6 hours on the hot/cold EBV. 

300A electron-beam-evaporated layer of alumina on Mo for 
41 hours. 

300A layer BeO on Be  (anodically oxidized),   37 hours. 

The following samples were prepared during the present quarter: 

Four 300Ä electron-beam-evaporated alumina on Mo samples for EBV. 

Four Be samples for EBV.    These were diffusion-bonded to 
copper.    Two of these samples were anodically oxidized by 
the tartaric acid method to form a 3 00Ä BeO layer on Be, 

• j. 



c      Eight beryllium-copper temples for EBV were mechlned. 

d.      Eight «ilver-megne.ium templet for EBV were mechined. 

In eddition teverel EBV gun unitt were ettembled. 

DuriJ'AI  u00k Eleci' 0"-Be^-Ey»Poreted Alumina on Molvbdanum. 
During a 41-hour period of electron bombardment evaluation    6 vTri, H 

AU o anwdh3;8 AFigure ij'fa order to achieve ^itw..^.:::^ to admit 02.    While O2 was admitted to a pressure of 1. 5 x 10-5 Torr and 
during electron bombardment at 0. 15 A/cm^ (corresponding to 3 ma)    6 

ment atT 75 Vjl ^    After ^ ^ Wa8 PUmPed awa^ electron bTmba  ^X 

THI   ?   ; /^   (corre8P0nding to 15 mA) caused 6max to decrease from 
3. 8 to 2. 2 in nine hours.    Testing of this sample is contTnuing. 

•   }' H   Anodized Beryllium - 300Ä Oxide LavPr.    Durinc a 37-hour 

J. u (. igure 2)     O2 at I. 5 x 10" ^ Torr caused a significant increase in 
6    af   particularly with 3 mA borrbardment rathe/thanwUh no bombard. 

Hon      AW flf'n0me temPeratur« ^crease is beneficial to surfac^reoxida- 
bardm^n     0  T6. Ar'l PUmPed ™Y'   '-ax decreased due to electron bom- 
bardment.   0. 75 A/cm'    causing a more rapid decrease than 0. 15 A/cm* 

A    n     2-1'3    Anodized Aluminum (Allny n nm _ ^nnX  rvririr  T ,. Ir   ,       „_   . 

aJax «mll^Tentt^y ™'.^""tr WithOUt ^    ^^ ^ 1>eri0d' 

Another similar sample (A-3) was evaluated for a 30-hour oeriod 

m^^th«^,     Un^o'?!*;   A"' 'K
5
-^' P"'^ of electron bombard 

waTad^t?:^ -to^p'r"    k7 e^TttT-^Irr 7" To^ J,^ ^ 
^^o^u^Ä^:-»-1'-- 

—pie2»;' in^Ulli'd^tr'n^OldlBv'^Th" E ^    fn0,h" "^'-«rmet 

Ao^r.nt^ fh        ?lm;.ValU' 0f 6™* Was U 5 and the maximum value was 1   8 
^ lSwT';l        ao''vit'°" wa= "»' successful.    The test was terminated due to 
a leak ,n the gun housing.    The gun unit has been replaced and furSer EBV 
evaluat.on of a nickeUcerm.t sample will be attempLd in Te ntt^arUHy 

3. PHASE B - CFA TESTING 

3- 1      QKS1397 Test Vehicle 

ducted^nMo^ltrH0--80^ Cath0de emission ^-test evaluation was con- 
test stüor TL cath^ng the

tf
rep0rt ^rio^   at a cathode-pulsed modulation 

on In OT^ cathode emitter consisted of 0. 0005-inch aluminum deposited 
t ?u   COvPPer baSe-     The Cathode was  l- 645 ^ches in diamete^    0  670 

inch axial height for an emitter surface area of 22. 4 sq    cm 



10 

'IMt  -  H0U*< 

Figure 4 6 
max vs EBV Time for 300Ä A1203 on Molybdenum 

- 3 - 



• • 

• 

lm 

%■ 

Figure  5        6 v 
max ■ EBV Tim« for 300A AnodUvd Beryllium 

- 4- 

• 



  .     t,    : 

Ph« * Mt   ^ 

7 :" 

■ ♦ 

». 

fß-vm* 

Al« 
I» IM 



«♦      t —I 

»•      • n ••• 

^J 

■•9 i» IM 

(b) 
'«• ••* IM if« IM 

l«tti MtMliM tiM . MM1 
'•• W }>0 ;» 

Figure 10    QKSI397 No. 8C - pln . 110 kW,  B - 3000 Ciauit 
0. 0005 in.  Evaporated AI on Cu Emitter 

- 6 - 

» 



'0 

to 

so 

du 0 002 

io    ■    I.» «Hi 
> Ul  "i.       ....     ,.,     „   . 

•   •   MM «lull 

I. 
= 

.0 

oL 

A r\. 

•KMi •i|»|i||l •it'll rwit 

2M 2M 7M J-o 260 270 210 2«0 300 

I0'«l  OttUTlRO TIM . NOUIS 

JI0 

70     r 
ar 
w 

60    ^ □ 

so z 
m 

HO    o 

o 
30 

IM '30 

Figure 3 - Sieet 2.       QKS1397 No. 8C - Pin=»10 kW,   B=3000 gauss 

4.        CONCLUSIONS 

4. 1      Phase A - Materials Evaluation. 

a. 300Ä oxide layers of electron-beam-evaporated alumina on 
molybdenum,   anodized beryllium,  and anodized aluminum, 
show generally similar behavior in term« of beneficial response 
to oxygen and deterioration of 6 due to electron bombardment 
at 0.75 A/cm*. 

b.        A possible interpretation of some of the data reported above is 
that some elevation of temperature above room temperature 
may be beneficial in the response of 6 to O^ for a beryllium 
or aluminum sample. 

.     1
4* 2     Phase B - CFA Testing.    Operation of the QKS1397 CFA test 

vehicle for more than 200 hours has shown that the available emission from 
a deposited aluminum cold cathode appears to have stabilized near 40 amperes 
at a 0. 002 duty factor.    At 0. 001 duty factor,  approximately 70 hours of 
operation was obtained at a peak current level of 54. 5 amperes.    Activation 
of the 02 dispenser was required throughout the test period to maintain the 
cathode emission. 

- 7 - 



5. PROGRAM FOR NEXT INTERVAL 

5. 1      Phase A 

a. 

d. 

e. 

Conünue testing of electron-beam-evaporated alumina on Mo 

b.       Continue testing of anodized beryllium sample, 

c       Test a new nickel-cermet sample. 

Process Ag-Mg and Be-Cu samples for EBV. 

Test the Ag-Mg and   Be-Cu samples. 

5. 2      Phase B 

a.      Continue life testing of OKS1397 model 8C. 

"■      "."" QKS,3,7 leSt V'hM* -'" «" -probated tung.te, 

C-      .^.rQKl! iT^K:?- U" °" "" ^P"gna.ad „.hod. 
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