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ABSTRACT 

Reduction was observed in 6max from 2. 3 to 1.4,  typically,  for 
sputtered region compared to unsputtered region of electron beam evapora- 
ted AI2O3 films on Mo substrate. 

Two 200 A CVD-prepared BN films on Mo substrate were evaluated in 
the Electron Bombardment Vehicle (EBV) and had a 6max of 1. 7 to 2. 0 
which did not deteriorate under electron bombardment at 0. 5 A/cm2 and 
1. 2 kv   for 8 hours. 

A 98 + % beryllium sample was evaluated in the EBV.     6max was 

approximately 4. 0 and did not deteriorate during 80 hours of electron bom- 
bardment at 0. 5 A/cm2 and 1. 2 kv .    Indication of 6 increases due toO"*" 
bombardment was observed. 

The Hot/Cold EBV has been modified and recalibrated. 

The QKS1194 crossed-field test vehicle,   containing a barium-calcium- 
aluminate impregnated tungsten cathode, has been completed and is ready 
for test. 

A brief summary of Cold Cathode Materials Evaluation work performed 
to date under this contract is included. 
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FOREWORD 

OX'NI^IV thf .^PP0'* of the danced Re.earch Probet. Igency under 
Order No.  345 and is conducted under the technical guidance of thL US 
Army Electronics Command, Fort Monmouth,  NJ.   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 estab- 
lished 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 B involving the 
evaluation and life testing of selected rathodes 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. 

2. PHASE A - MATERIALS EVALUATION 

2. 1    Secondary Emission Measurements.    The series of sputtered 
samples tested in Table    1     were examined in the Secondary Emission Test 
Vehicle (SEE). 

Sample No. 

Table   I 

Sputtered Samples Examined in SEE 

Composition        N   Sputtering Historv 

1 500 Ä AI2O3 on Mo 5 min,   1 ma/cm .   1200 volts 
2 500 Ä AI2O3 on Mo 10 min,   1 ma/cmS   1200 volts 
3 1000 Ä AI2O3 on Mo 10 min,   1 ma/cmS  800 volts 
4 1000 Ä AI2O3 on Mo 20 min,   1 ma/cm2, ^00 volts 
5 1000 Ä  30% Mo - 70% AI2O3 22. 5 min,  2 ma/cm t   1150 volts 

on Mo 

All samples were electron-beam evaporated on a molybdenum (Mo) 
substrate at a deposition temperature of 600oC.    The  sputtering due to 
nitrogen ions was done in the Ion Bombardment Vehicle (IBV) and caused 
depletion of material in a 3/l6in.diameter circular area, located on the center 
of the sample.    By visual examination,  samples no. 2, 4, and 5 appeared to 
have been completely eroded in the sputtered region down to the base metal 
(Mo).   Samples no.  1 and 3 presumably still have half the original film 
thickness remaining. 

1 - 



The observation« in the SEE vehicle «re ■ummartsed in Table U 

Table   11 

Sputtered Sample« SEE Examination Data 

Sample     After System Bakeout and After 30 Minute # 950*0 
No.      30 Minutes @ 400oC on Target on Target 

Target current erratic, 
gas bursts 

Some gas but less than 
no.   1 

Target current erratic, 
gas bursts,  like no.   1 

Similar to no.   2 

Similar to no.   2 

No noticeable gat evolution. 
ave-*max («puttered region)    % I. 35 
ave. 6max (unsputtered regioi^ * 2. 30 

No gas. 
ave. 6max (sputtered region)     * 1.20 
ave. 6max (unsputtered region) * 2. 00 

No gas. 
ave.6max(sputtered region)      »1.70 
ave. ömaxCunsputtered region)  % 2. 5 

No gas. 
ave. 6max(sputtered region)     ft 1.65 
ave. 6max(unsputtered region) « 2. 45 

Gas released at some spots,   not 
erratic. 
ave. 6max Ä  2. 5 (averaged over both 
sputtered and unsputtered regions) 

u-  u u   J u
The.8a

i
8 t™"18 were presumably due to the release of nitrogen 

whxch had been imbedded in the target during the sputtering process.    The 
apparent lowering of 6 in the sputtered region is believed to be due to the 
injection of nitrogen ions rather than a reduced film thickness as such 
With regard to the amount of gas released,  note that samples no.   2,  4,  and 
5 exhibited no gas bursts and were in general less gassy than the partiallv 
sputtered films no    1 and 3.    The oxide films released more nitrogen than 
the Mo substrate films. B 

Secondary emission scans were taken of all the targets with 
three scans in the horizontal and three scans in the vertical direction     It 
was thus possible to obtain a complete secondary emission topography of 
the target surface.    In general,  the 6 values were more non-uniform on the 
surface   han the original "unsputtered" surface (see Figure 1) probTbW was 

i T^ter^e qlSSr6? V^'.^r at VPmax' Ö-oughV center of sample no.   1 after the 9SQOC heating is shown in™1" Figure 2.    Scans of primary 
current were relatively constant as the beam was deflected across thT 
target surface.    Figure 2.  therefore,   reflects the 6max variation     The 
central sputtered region shows non-uniformity as wflf^s lower d'        th-n 
the unsputtered region. y e    Ömax than 
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I. I     EUctron Bombardmtnl InveiUgattont 

I I- > Boron Nttndr (BN) Ftlmt.    Two BN nim •ample» wer* pre- 
p«red «nd ev«lu«(ed in me EITcircm Domb«rdment Teni Vehicle (EBV). 
The»» dim* were formed by chemtcel vapor deposition techniques to a thick- 
nri. of 200 A on « Mo «übst rate. 

The result» of electron bombardment at 0. 5 A/cm2 and 
I. 2 hv   are shown in Figures     J   and    4    for BN samples no.   I and 2 
rvspectlvely.    The secondary emission ratio remained constant for up to 
I hours of bombardment.    6maK was between I. 7 and 2. 1 and V- was 
between HO and 400 volts.    These values of A were much lower flWff the 
v^lue of Amaa of 4. J reported In the Third Quarterly Report for an apparent- 
ly simitar BN ßlm.    No explanation can be given for the discrepancy,    6 
values m the EBV may be \$% low a» indicated by our previous mea»ure- 
ments on   platinum.    The discrepancy 1» definitely outside of experimental 
error.    Although no deteriorstton was observed in the 6 hours of electron 
bon-bardment the A value was low.    Further evaluation of BN films will be 
aitemnted to obtain electron bombardment eval jatlon of a high 6 BN film. 

1.1. I Beryllium (Be) Samples.   A Be disc sample of 98 ♦% purity 
had been cui from a sheet by a photoetch process and then diffusion-bonded 
to a copper surface.    This sample Is referrei to as Be no.  2 as distinguished 
from Be no.   I reported on In the Fourth Quarterly Report. 

Beryllium sapnple no.  2 was mounted in the EBV and elec- 
tron bombarded at 0. % A/cm* and I. 2 kv   for approximately 90 hours in two 
run«.    The course of Afn^-v»-time is recorded in Figures    S   and  6     for 
runs no.   1 and 2 respectively.    6maM remained relatively constant during 
bombardment periods in run no.   I. although    some increase in 6max was 
usually observed during the overnight off-periods.    It wac also noted that the 
Introduction of oxygen to a pressure of 10-* torr had no effect on 6 while 
*max * *• «pproximately 4 during the oxygen treatment. 

The data of run no.  2 also indicated no deterioration of 6 
during electron bombardment periods.    A rather interesting phenomenon 
was observed during this ran and is noted on Figure    6  as a «drift phenomenon. 
While measuring 6 and under voltage conditions for which the anode is more 
positive than tile target, the target current increased gradually while the 
primary current remained constant.    In this way «max would typically in- 
crease from 4 to S in about 2-3 minutes.    The 6 drift described here did not 
occur with target positive with respect to the anode.    Under bombardment 
conditions (0. ) A/cm2) the 6 would deteriorate from 5 bark to 4 in a few 
minutes and then re'naln constant.    It is supposed that electron bombard- 
ment rsleases ony,       atoms which can be ioniteo .oQ* by the electron beam 
and   then imbedded       the target.    The ion energy would have been «-  200 volts 
and it is speculated .nat at this energy the ion range is small enough to 
influence 4.    A aimilar process can occur near the cold cathode surface in a 
crosted-field amplifier (CFA) and serve to enhance 6.    In fact it is entirely 
potai'ale that such a mechanism may be responsible for the discrepancy 
between secondary emission measurcments^on Al or Be targets and the 
effective 4 in the CFA.    The influence of angle of incidence does not appear 
to be large enough to explain the observed discrepancies (see the First 
Quarterly Report). 
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Near the end of run no.   2,   a water failure occurred causing 
the target to overheat.    The 6max decreased to approximately 2. 5 and re- 
mained at that level under further bombardment.    Beryllium sample no.   1 
also had a constant 6max of 2. 5 under continued bombardment.    Further 
analysis and comparison of Be samples no.   1 and 2 may lead to an under- 
standing of what causes a Be sample to have a 6max of 2. 5 rather than 3. 5. 

2- 2- 3 Hot/Cold Electron Bombardment Vehicle.    At the end of the 
fourth quarter ol this program,  the Uoi/Kold EBV had failed due to the over- 
heating of some stainless steel component.    The vehicle now has been re- 
designed to avoid this difficulty, with the heater shield modified to achieve 
more efficiency and to prevent any evaporated material from depositing on 
the target surface. 

The vehicle has been reassembled with an impregnated 
tungsten target,   recalibrated for temperature vs heater power,  and will 
shortly be installed on the EBV vacuum system for evaluation. 

2- 3     Summary of Phase A (Materials Evaluation) Work to Date. 
Phase A work has been perlormed with the following purposes in mind: 

(1) To met sure 6 vs V    for candidate cold cathode materials. 

(2) To evaluate the effect of electron bombardment at 0. 5 A/cm2 

on secondary emission ratio. 

(3) To observe the effects of ion bombardment on cold cathode.'. 

We will now outline briefly,  in the abovr order,  the resu.ts of the 
work performed. 

*• 3   • Secondary Emission (6) Measurements (in SEE Vehicle). 

2. 3. I. 1      Aluminum 

a)        Thin oxide layer <- 25 A) on surface. 
b^        *«»** ln SEE ^•Wcl« was approximately 2 while effec 

live value in CFA is typically   ^ 6. 

c)        Measured AmAK vs angle of inodence («).    Found 4m4X 

in range 2. 0 to 2. 6 for $ variation 0    to 70*.    This is 
intufficient to account for the discrepancy. 

2J-,Z      Alumina    (100 A  . 1000 A) Films on Molybdenum Substrate 

a) Electron-beam evaporated AI^Oj films on Mo substrate. 

b) The use of a Mo substrate allows for heating to achieve 
higher degree of crysUllinlty and thus higher 6 (in 
comparison wtth Al^O) on Al). 

c*        ^aju*  *• *»>4«,P*ndeni of film thickness In range 
100 A - 1000 A . 

-   7   . 



2.3.1.3     Molybdenum-Alumina   Films   on Molybdenum Substrate 

a) Electron beam evaporated films. 

b) Purpose of Mo is to make thick films conducting to 
allow for current transmittal.    Thick films mean lona 
sputtering life. 8 

c) Most significant parameter of film preparation is sub- 
strate temperature during deposition. 

d) Agglomeration of Mo caused reduction in 6max from 
3. 5 (deposition temperature ■ 600oC) to 1.8 (d^posi- 

litn S^r^nV iVi0 C WhereaB ""Position varia- 
tion of 10% to 30% of Mo resulted in «maTvariation 
only in range 3. 5 to 4. 0. «"auon 

2'3. 1.4     Barium Calcium Aluminate Impregnated Tungsten 

*'        *max '• i'b to 2.0 before activation. 
b)        V/Mt'o*** t0 * V*lue of 4- 5 a£ter continuing activation 

at 1050 C. then decreases to a value of 3. 0,  and then 
levels off. 

2.3.1.5 Nickel Cermet 

a) 6 behavior due to thermal activation similar to 
impregnated tingsten. 

b) Maximum value of 6mAX   - 6. 

c) *max l*v«1« oW *t ~  3. 

2.3.1.6 Semiconducting Diamond (elemental semiconductor) 

•>        *max ~ *• 3- 
b)        Would not evolve atoms due to electron bombardment 

dissociation. 

2.3.1.7 Semiconducting Compound» (non-oxidic) 

a)        Would evolve orders of magnitude fewer atoms than an 
oxide due to electron bombardment dissociation 
mechanism. 

b^        *maji 0' O^At was 3. 5. 
c>        *max ot CdS     WM 2. 0. 

4)       *maJlo£C*,T• wmi   I-75- 



2.3.1.8     Ti14Ni48>5Si37>5 

a) Refractory, intermetallic compound, possibly 
semiconducting. 

b) 6maxwa8l-95. 

2. 3. 1.9     Boron Nitride Films on Molvbdenum Substrate 

a) Non-oxidic, large gap material. 
b) 6

max o£ one samPle (200 A CVD preparation) was 4. 3. 
c) *max oi 2 additional (similarly prepared) samples 

were in range 1. 7 to 2. 0 (measured in EBV which 
might be~   15% low). 

2. 3. 2 Electron Bombardment Effects (in EBV) 

2. 3. 2. 1      Molybdenum-Alumina Films on Molybdenum Substrate 

a) 6max oi 3- ^ could be maintained in a 500 A M0-AI2O3 
film by an O2 partial pressure of 6 x 10"7 torr during 
electron bombardment at 0. 5 A/cm2 and 1. 2 kv . 

b) Without O2, deterioration occurred typically from 
6max of 3. 8 to 3. ,J in 3 hours. 

2. 3. 2. 2     Beryllium 

a) Two samples of 98 + % purity were used. 

b) Sample no.   1 — with electron bombardment at 1 A/cm2 

and 1. 2 kv ,  6max deteriorated from 3. 5 to 2. 5 in 
2. 5 hours and remained constant for 16 hours. 
10"5 torr oxygen did not cause recovery. 

c) Sample no.  2 — 6max stayed at ~  4. 0 with electron 
bombardment at 0. 5 A/cm2 and 1. 2 kv , p = 10-8torr. 
6 drift phenomenon observed,  (described in Section 
of this report);  indicates 6 increase due to O+ 

implantation. 

2. 3. 2. 3     Chemical-Vapor Deposited Boron Nitride Films on Chemical-Vapor Deposited B 
Molybdenum Substrate 

a) Two samples 200 A BN film for EBV prepared by 
chemical vapor deposition technique (CVD). 

b)        «max   ~   1.7-2.0. 

c)        No deterioration from this value under electron 
bombardment at 0. 5 A/cm2 and 1. 2 kv . 



2- 3' 3 Ion Bombardment Effects 

2- 3- 3. 1      Alumina Films on Molybdenum 

a) Electron beam evaporated films. 

b) Sputtering of 500 A and 1000 A films with N? indicated 
yields of 0. 015 molecules/ion at 0. 8 kv   and 0. 017 
molecules/ion at 1. 2 kv . 

c) These films,  when half eroded by sputtering,  had 6 
(in SEE vehicle) of ~   1.4 in sputtered region and    maX 

6max of "^  2- 3 in unsputtered region of same  sample. 

x /ciri" 3,u3' ? 4   
Platinum •    Sputtering with N2 had no observable effect on 

o loxLiL. vehicle), 

2-3-3-3.    Molybdenum-Alumina . Films on Molybdenum .    Estimated 
AI2O3 sputtering yield was O.OlW molecules/ion for N? at 1 ma/cm2 and 
650 volts. 

2-3-3-4     Barium Calcium Aluminate Impregnated Tungsten 

a) Sputtering with N2 for 2 hours at 2 ma/cm2 and 1.8 kv 
caused a significant amount of falling out of tungsten 
particles. 

b) These sputtered samples showed a reduction in 6 of 
approximately 10% by comparison of sputtered and un- 
sputtered regions of same sample. 

2- 3. 3- &     Nickel Cermet.    Sputtering using N2 at 2 ma/cm2 and 2 kv 
for 1-2 hours caused 6 reduction by approximately 10% by comparison of 
sputtered and unsputtered regions of same sample. 

2.3.4.        Conclusions.    The following conclusions may be drawn from 
Phase A (Materials Evaluation) work to date. 

1) Electron bombardment induced dissociation of oxides 
is the most limiting failure mechanism. 

2) Oxygen may be used to suppress the dissociation. 

3) The angle of incidence variation of 6 is insufficient to 
explain the discrepancy between 6 in the SEE vehicle 
and effective 6 in a CFA for Al or Be cathodes.    Of 
implantation, quite possibly, is responsible for 
increased 6 in CFA. 

4) Electron beam evaporated films of aluminum oxide 
have high 6 of approximately 5 as for crysUlline oxide. 

10 



5) Agglomeration of Mo in A1,0, films causes reduction 
of 6. 2   3 

6) The most likely cold cathode candidates for CFA's 
are: 

(a) Al or Be 
(b) Impregnated tungsten 
(c) Nickel cermet 
(d) Doped boron nitride. 

,   ,_   2- 3' 5 Future Work.     The planned work in Phase A for the remainder 
of the present contract is as follows: 

1) Evaluation of impregnated tungsten and nickel cermet 
samples in Hot/Cold EBV at 0.5 to 1.0 A/cni    electron 
bombardment. 

2) Evaluation of CVD boron nitride films in EBV at 0. 5 
to 1.0 A/cm' electron bombardment. 

3) Modification of Electron Bombardment Vehicle (EBV) 
to allow for electron bombardment up to 5-10 A/cm2. 

4) Evaluation of Be and Al samples at 5-10 A/cm1 

electron bombardment. 

5) Correlation of 6 and electron bombardment resistance 
with structure (by electron diffraction) of thin 
aluminum oxide films on aluminum. 

• it 



3.        PHASE B - CFA TESTING 

3. 1      Description of CFA Test Vehicles 

3. 1. 1 Introduction.  The »pectrum of CFA test vehicles which have 
been or may be used in the present cold cathode study program has recently 
been reviewed with the contracting agency.    These include the L-band 
QKS1319.  the S-band QKS1194, the S-band QKS1397,  and the C-band QR1480. 
Short descriptions of these tubes are presented below in sequence for easy 
comparison.    Each represents different stress levels and environmental 
factors for cold cathode operation. 

To date the QKS1319 has been used to evaluate Pt, Al, Be, and 
M0-AI2O3 film on Mo substrate cold cathodes. The QKS1194,which has the hot/cold 
(thermally activated) feature, will be used to evaluate a barium calcium 
aluminate impregnated cathode.    The QKS1397 operates at a much higher 
stress level than the QKS1319 vehicle for further cold cathode evaluation and 
life testing. 

3. 1. 2 The L-Band QKS 1319.    The QKS1319 is an L-band forward- 
wave CFA which provides 100 kw of peak power at 1 3. 5 db gain over a 
100 MHz frequency band.    A photograph of the QKS 1319 is shown in 
Figure  7.       It operates from a dc power supply at 10 kV,  and its cold 
cathode is pulsed on with rf drive and off with a low energy control pulse. 
Principal «operating characteristics are given in Table III  . 

Table   III 

QKS 1319 CFA Operating Characteristics 

Charartcristic 

Frequency (Instantaneous Bandwidth) 

Peak Power Output (minimum) 

Average Power Output (minimum) 

Pulse Width 

Gain (minimum) 

Operating Voltage 

Operating Current (nominal) 

The tube "package" contains tube, magnets and an outer 
■hell which serves at fluK return path and also provides magnetic thieldtr.  . 
The rf couplings mate with standard QA coaxial lines. 

The QKS 1)19 was under development during the first 
12 months of the cold cathode study project and low aad high average power 
versions of this tub« have been used (or all Phase B secondary emitter 
•valuation to the present.    The «at of an oxygen source In a CFA for long- 
111« secondary emitter enhancement was first evaluated in a QKS IS 19 test 
vehicle. 

Symbol Quantity Units 

f 1250- 1350 MHc 

Po 100 kw 
Po 3000 W 

V 250 H« 
A 13.5 db 

Eb 10 kV dc 

lb 22 1 

• u 



Figure   7     QKSl 319 L-Band CFA 
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3-1-3 The S-Band QKS1194.    The QKS1194 is an S-band backward- 
wave CFA employing a double-strapped vane Amplitron slow-wave structure. 
A photograph of the packaged tube is shown in Figure   8.       The tube provides 
1 Mw peak,   15 kW average power output over the range 2800 - 3200 MHz. It 
also features interchangeable cathode heater and coolant assemblies for the 
initial activation and operation of its thoria - impregnated tungsten secondary 
emitter.    This feature makes it readily adaptable as a vehicle for evaluating 
that class of cold secondary emitters which must be thermally activated 
before tube aging and processing.    It operates cathode pulsed at 50 kv and 
30 amperes peak with a mean peak current density of 2-3 amperes/cm2. 

3- 1- 4 The S-band   QKS1397.       The QKS1397 is the final stage of 
an S-band forward-wave amplitier chain comprised of three Raytheon tubes. 
Both the driver CFA (QKS1396) and the QKS1397 have reached the final 
stages of development.    The major performance goals of the QKS1397 have 
largely been achieved.    Electrical performance is given in Table IV.. 

Table IV 

QKS1397 CFA Operating Characteristics 

Characteristic Symbol Quantity        Units 

Frequency (Instantaneous Bandwidth) f 3135-3465 MHz 

Peak Power Output (minimum) p 1000 kw 

Average Power Output (minimum) P 4000* W 

Pulse Width tp 15 us 

Gain (minimum) A 16 db 

Operating Voltage Eb 28 kV 

Operating Current (nominal) i^ 80 

*   Limited by present power supply 
a 

This forward-wave CFA provides state-of-the-art electrical 
performance and severe environmental conditions for cold cathode evaluation. 
The cathode    stress level of approximately 6 amperes/cm2 can be extended 
to as much as 8-10 amperes/cm2 by employing a slightly larger cathode 
diameter and by increasing the rf drive level.    The tube has been developed 
to a point where test vehicle construction is immediately possible. 

3. 1. 5 The C-Band QR1480.     The QR1480 is a C-band forward- 
wave amplifier feasibility study now in the hardware construction phase. 
Both the anode and cathode stress levels of the QR1480 exceed those of the 
QKS1397.    The tube has not yet experienced hot test operation and is there- 
fore not presently available for cold cathode test vehicle use. 

14. 



Figure   8     OKSn94 AMPLITRON 
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3'    sJggQgjgFr15 EValU>ti0n • HOt/Cold {Th*r™^ Activatsd) 

Amnli.3;«: ' Con.'tr"cti0"-     A modi£ied version of the QKS1194 S-band 
«Ä r^.K H   COni:niC,;i

d dUrin« thiB tIUÄrt"-    The heater-nange . «sembly 
•nd   he cathode.coolant flange a.,embly were redesigned to change from 
original heharc flange seal, to de-mountable rubber -'O" ring sefl.    The 

"ctW^'olT^ /MS ZI**" *nd ?UiCker method for «^t^ing between heater activation and cold cathode operation.    The exhaust tubulation ^sembly was 
redesigned to permit the addition of an oxygen source. 

A barlum-calclum-alumlnate-lmpregnated tungsten cathode 
«hut        int0 te,t VehicIe 'nd «xPerienceJ a successful bakeout and 

i-l'l'        Barium-Calcium-Alumlnate-Impregnated Tungsten-Cathode - 
^Evaluation Procedures. The Impregnated tunp.t/n ZStSxöSö wüTI be eväTüItea I» the 
next quarter.    Under normal circumstances,  emitter activation would occur 
before applying rf drive, however    an attempt will be made to operate and 
process the emitter with rf drive before activation.    If this does not succeed 
the cathode water coolant system will be removed and the emitter surface 
will be activated by the usual heater activation schedule.    The coolant assem- 
bly will be replaced and low gauss emission current boundary data will be 
taken during tube processing and aging.    The schedule for use of the oxygen 
source will deperd upon cathode performance.    A controlled experiment will 
be conducted in tie future to obtain quantitative data concerning the effect of 
Oi upon the cold cathode performance of Impregnated type emitters. 

3- *     High Average Power Life Test Facilities.    Installation of a 
QKS' J19 hign-average-power nie test station was completed during this 
quarter.    Parts for the construction of the life test vehicle were ordered, 
but work on this test vehicle was discontinued to permit concentration on' 
higher stress level QKS1397 CFA vehicles. 

i' 4     Present Status of CFA Testing.    Platinum and various, metal- 
oxide-film type cathodes have been evaluated in specially constructed L-band 
CFA test vehicles with QKS1 319 basic design at low and high average power 
levels.    The aluminum and beryllium metal oxide film emitters have been 
evaluated in a test vehicle with cathode-segment type control electrode. 
LCB's (emission current boundaries) for these emitters have been measured 
and Interpreted In previous reports. 

A barlum-calclum-alumlnate-impregnated tungsten cathode has 
bee    sealed into an S-band QKS1194 test vehicle for "hot/cold" cathode 
ev.   aation and has been successfully processed.    The cathode is ready for 
evaluation testing. 

The installation of a CFA test position for cold cathode life 
evaluation with the QKS1319 L-band forward wave amplifier was completed. 

16 



4. CONCLUSIONS 

The work of the fifth quarter allows us    to draw the following 
conclusions: 

!• N    sputtering of alumina films results in a lower 6 for the 
film, which does not recover on exposure to air. 

o 
2. 6max f0r a 200 A CVD-BN film ori a Mo substrate can be as 

Iowas 2. 0 and as high as 4. 3. 

3. A beryllium sample can maintain a high 6(3.5 - 4. 0) for 
periods of at least 80 hours under electron bombardment 
at 0.5 A/cm2 and 1.2 kv in a vacuum of 10-9 torr. 

5. PROGRAM FOR NEXT INTERVAL 

During the sixth quarterly report period 15 January to 15 April,   1967, 
the following work is planned. 

(1) Complete evaluation of impregnated tungsten cathode in 
QKS1194 test vehicle. 

(2) Construct first test vehicle of QKS1397 type with beryllium 
cathode and oxygen source. 

(3) Further evaluation of BN film samples in EBV. 

(4) Complete test of impregnated tungsten sample in hot/cold 
EBV. 

(5) Design,  construct modified EBV for 5 to 10 A/cm2 operation. 

17 
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