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recommendation, or favoring by the United States Government or any 
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I. SURFACE STUDIES 

A. SURFACE THEORY 

No work was performed on this task during this report ing period. 

B. SURFACE CHARACTERIZATION CHAMBER 

Samples from seve ra l surface charac ter iza t ion exper iments under­

went chemical analysis by Auger spectroscopy. Results a r e given in 

per t inent sect ions of this r epor t . 

C. ACTIVATION CHAMBER EXPERIMENTS 

The suspiciously low bare work function values repor ted las t month 

for sprayed LaB, were found to be caused by t r ace amounts of BaO impur i t ies 
6 

on the RCA-Vidicon nickel subs t ra te s used. Since this compound has a work 
-4 

function of about 1.6 eV a res idue covering less than 10 of the subs t ra te 

a r ea is sufficient to give a thermionic emiss ion cur ren t corresponding to the 

work function m e a s u r e d with sprayed L a B , . 
D 

The Vidicon guns a r e supplied with a s tandard bar ium carbonate 

coating and the coating is removed with alcohol before the nickel subs t ra te 

is used for the exper iments in the Activation Chamber . The following 

exper iments lead to the conclusion that, after wiping off the deposit, t r a ce s 

of the carbonate may be left on the sidewall of the gun which is not coated 

with L a B / : 

1. A nickel subs t ra te was etched with HC 1 pr io r to depositing the 

L a B . . A work function above 3 eV was obtained with this surface . 

2. After wiping off the BaCO , a nickel subs t ra te was examined by 

Auger spectroscopy and t r ace s of bar ium were observed. 

3. A molybdenum subs t ra te was sprayed with BaCO and the coating 

was removed in the conventional manner . Low work function 

was measu red and bar ium was again detected by Auger spectroscopy. 
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These bare work function resu l t s should not be confused with 

the values below 1. 1 eV m e a s u r e d for LaB, activated with ces ium and 
6 

oxygen. Such low values were measu red i r r e spec t ive of the subs t ra te 

on which the LaB, was deposited. 
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II. PLASMA STUDIES 

A. CONVERTER THEORY 

No work was performed on this task during this report ing period. 

B. ENHANCED MODE CONVERSION EXPERIMENTS 

In order to reduce e lec t ron space charge effects sufficiently in 

close spaced diodes with rigid e lec t rodes , surface distort ion must remain 

well below 0. 1 mi l (25fi.m). Quantitative es t imates were made of such 

dis tor t ion by observing the reflected profile of a He-Ne l a se r beam 

incident on a l a se r m i r r o r e lec t rode during heating. Aiming the 1 m m 

beam at an incident grazing angle of 83° produced an 8 mm long in te r ­

sect ion line between the ray and the surface of the sample . The reflected 

beam was observed on a sc reen placed approximately 20 m away. Monitoring 

the spot size while the sample e lec t rode was being heated to 15 00 K did not 

indicate any significant t he rma l dis tor t ion. Thermal deformation of the 

s t ruc tu re supporting the sample did, however, significantly affect the 

observa t ions . Consequently, m o r e refined measu remen t s will be performed 

with a double beam sys tem wherein the f i rs t beam is reflected from the 

center of the sample and the second from its edge. Measurement of the 

distance between these beams, as a function of sample t empera tu re , will 

provide a better determinat ion of the the rmal dis tort ion of the e lectrode 

surface at emi t t e r t e m p e r a t u r e s . 
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m . CONVERTER DEVELOPMENT 

A. LOW TEMPERATURE CONVERSION EXPERIMENTS 

1. Tungsten Emi t t e r , Lanthanum Hexaboride Collector (Converter No. 180). 

In an effort to cha rac t e r i ze lanthanum hexaboride as a collector 

ma te r i a l , a var iable spacing conver ter was built employing a s tandard 

e lectropol ished tungsten emi t te r with a sprayed lanthanum hexaboride 

col lector . A guarded collector was used to obtain accura te work function 

m e a s u r e m e n t s f rom dc back-emission data at low cur ren t values . The 

guard (Figure I I I - l ) is designed to el iminate emiss ion from the collector 

and to lower emi t t e r - t o - co l l ec to r leakage cur ren t . The collector surface 

was p repa red by spraying an approximately 2.5 fim thick coating of lanthanum 

hexaboride suspended in organic binder onto a molybdenum collector 

a s sembly . The binder was subsequently evaporated by heating the 

collector to 675 K during the degassing of the conver ter . Sprayed, ra ther 

than s intered, m a t e r i a l was chosen to simplify fabrication by eliminating 

seve ra l brazing s t eps . Backemiss ion collector work function ve r sus T / T 
C R 

is shown in F igure III-2. Work functions as low as 1.45 eV were obtained 
at T / T values between 1.4 and 1.5. Measurements were made at a 

K 

constant T for seve ra l different col lector t e m p e r a t u r e s . No significant 
R 

t empera tu re dependence was noted. Corre la t ion between back-einission data 

and re ta rd ing plots will be made during the next report ing period. 

B. HIGH EFFICIENCY CONVERSION EXPERIMENTS 

1. Tungsten Enait ter , Lanthanum Hexaboride Collector ("Showerhead" 

Conver ter No. 166) 

Severa l exper iments were per formed in which oxygen was diffused 

through the porous "showerhead" col lector during ignited mode operation. 

The emi t t e r t empera tu re was held constant at 1400 K with a fixed electrode 
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spacing of 2.5 m m . Both the col lector t empera tu re and the ces ium 

r e s e r v o i r t empera tu re were independently var ied in an at tempt to find 

the min imum oxygen p r e s s u r e behind the showerhead requi red to enhance 

the per formance of the conver te r . Typically 1 to 2 t o r r of oxygen was 
_2 

n e c e s s a r y for a ces ium p r e s s u r e of 5 x 10 to r r in the conver ter and 

a collector t empera tu re of 85 0 K. In these exper iments a change in 

ei ther the emi t t e r sa tura t ion cur ren t or the back ignited cur ren t from 

the collector was used as an indication of oxygen penetrat ion into the 

conver te r . In al l cases such penetrat ion de-ignited the conver te r . As 

the oxygen was pumped out through the porous collector re- igni t ion 

with enhanced per formance was observed. Saturation cur ren t s from 

both the emi t t e r and collector were increased by factors of 2 to 3. 

These l a r g e r cu r ren t s would r e tu rn to their original values in about 

30 nninutes. 
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IV. COMPONENT HARDWARE PROGRAM 

A. HOT SHELL DEVELOPMENT 

Three CVD tungsten shells were fabricated, each at a different 

tungsten hexafluoride flow r a t e . The p roper t i e s of these shells a r e 

compared in Table IV- 1. For the higher WF, flow ra te s , the tungsten 

coatings were smooth and gave no indication of faceting. 

The exhaus t -gas sc rubber was slightly modified. Polyethylene balls 

were added to the 10 N KOH scrubbing solution in o rder to r e s t r i c t bubble 

size and impede their upward flow. The resu l t is a more thorough 

scrubbing of exhaust gases . 

Simulated furnace test ing continued at a furnace gas t empera ture of 
-7 

15 73 K (2370 F) . The inside of the shel ls is evacuated to 10 t o r r . 

Table IV-2 p resen t s the status of these tes t s as of October 5, 1977. 

A leak was observed on the chromized 446 CRES sample on September 27, 

1977. This shell was subsequently removed irorxx the furnace for 

failure ana lys i s . 



Table IV- 1 

CVD Tungsten Shells 

Run 
Number 

7 

8 

9 

10 

Duration of 
Run 

(Min. ) 

78 

85 

85 

75 

Shell 
Number 

W2 

W2 

W3 

W4 

WF, Flow 
Rate 

(SCCM) 

50 

100 

150 

200 

Coating Thickne 
Hemisphere 

0. 012 " 

0.018 "(net) 

0 .023" 

0 .018" 

ss 
Wall 

0 .004" 

0 .010" 

0 .012" 

0 . 0 1 1 " 

(net) 



TABLE IV-2 

SIMULATED FURNACE TESTS 
(5 Oct. 1977) 

HOT SHELL 

REACTION BONDED 
SILICON CARBIDE 

KANTHAL Al 

KANTHAL Al 

INCONEL 671 

CHROMIZED 
STAINLESS STEEL 
446 

KANTHAL Al 

TEST HOURS 

13, 733 

12, 146 

12, 012 

5, 183 

5, 172 

2, 330 

COMMENT 

LEAKTIGHT 
THIS HOT SHELL WAS 
BRAZED TO A MOLBYB-
DENUM SLEEVE WITH 
NICKEL-COPPER 

LEAKTIGHT 

LEAKTIGHT 

LEAKTIGHT 

LEAK OBSERVED 
REMOVED 27 SEPT. 1977 

LEAKTIGHT 

DATE OF TEST 
INITIATION 

9 Apr i l 75 

25 Aug. 75 

9 Sept. 75 

17 Nov. 76 

17 Nov. 76 

7 May 77 


