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FOREWORD 

This  s tudy w a s  conducted by Northrop Corporate Labora tor ies  , 
Hawthorne, C a l i f o r n i a ,  i n  accordance wi th  c o n t r a c t  NAS2-4143 , " F l i g h t  

Model Cesium Ion  Source f o r  E l e c t r i c  F ie ld  Measuring Instrument ,"  cover- 

i n g  a program t o  develop a cesium ion  source f o r  i nco rpora t ion  wi th  a 

f l i g h t  pro to type  instrument  t o  measure the  e l ec t r i c  f i e l d  i n t e n s i t y  i n  

space.  I t  i s  a follow-on e f f o r t  t o  Phase I and Phase 11 of t h i s  

c o n t r a c t .  T h i s  r e p o r t  i s  the  f i n a l  engineer ing r e p o r t  f o r  t h i s  t a s k  

and has  been assigned NCL 68-2 as a company r e p o r t  number. 

L i n l o r ,  Chief ,  Electrodynamics Branch, NASA/Ames Research Center  w a s  

t h e  Contract  Monitor. 

D r .  W i l l i a m  I. 

M r .  Mark A .  Greene was t he  Cont rac t ing  Of f i ce r .  
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SECTION I 

INTRODUCTION 

The purpose of t h i s  program was t o  develop a cesium i o n  source  

s u i t a b l e  f o r  i nco rpora t ion  i n t o  a f l i g h t  pro to type  instrument  f o r  t h e  

measurement of t h e  e lec t r ic  f i e l d  i n t e n s i t y  i n  space.  This  program 

i s  a con t inua t ion  of an experimental  e f f o r t  conducted under NASA/Ames 

c o n t r a c t  NAS2-4143, "Study of an Electric F i e l d  Measuring Instrument ,"  

and an e a r l i e r  a n a l y t i c a l  s tudy  conducted under NASMAmes c o n t r a c t  

NAS2-2895-2 t i t l e d ,  "Radioact ive Sources t o  Measure t h e  E l e c t r i c  

F i e l d  I n t e n s i t y  i n  Space." 

The conclusions drawn from the a n a l y t i c a l  s tudy were t h a t  a cesium 

i o n  beam source  instrument  could measure e l e c t r i c  f i e l d s  2 v o l t s /  

meter i n  magnetic f i e l d s  500 times g r e a t e r  than  those  i n  which e l e c t r o n  

beam devices  can perform. These r e s u l t s  were proven i n  t h e  subsequent 

experimental  program conducted f o r  t h i s  purpose during which two cesium 

i o n  beam sources  were cons t ruc ted  and t e s t e d .  I n  p a r t i c u l a r ,  t h e  second 

source  t e s t e d  provided e x c e l l e n t  r e s u l t s ,  producing a c lean  symmetrical 

i o n  beam. The experience gained i n  s tudying  t h e s e  sources  has been 

u t i l i z e d  t o  completely design a f l i g h t  pro to type  ins t rument  f o r  t h e  

measurement of t h e  e lec t r ic  f i e l d  i n t e n s i t y  i n  space. Except f o r  t he  

e l e c t r i c a l  connections and a few components, t h e  pro to type  source has  

been cons t ruc ted  and assembled i n  t he  labora tory .  

This r e p o r t  desc r ibes  t h e  design and cons t ruc t ion  o f  t h e  cesium 

i o n  source  as i t  p e r t a i n s  t o  t h i s  e f f o r t .  
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SECTION I1 

SOURCE DESIGN AND CONSTRUCTION 

The pro to type  cesium ion  source con ta ins  f o u r  modules, t he  source  

assembly, t h e  spacer  assembly, the l ens  assembly, and the  d e f l e c t o r  

assembly as shown i n  F igures  1 through 4 .  The f o u r  assemblies  are 

s tacked  one on top of another  wi th  t h e  source assembly a t  the  bottom 

followed by t h e  spacer  assembly, the  l ens  assembly, and t h e  d e f l e c t o r  

assembly i n  t h a t  o rde r .  A l l  f o u r  modules are enclosed and secured i n  

a hermet ic  enclosure shown i n  Figure 5. A schematic of t h e  complete 

des ign  i s  shown i n  F igure  6.  

Source Assembly 

The source assembly c o n s i s t s  of an i o n i z e r ,  cesium r e s e r v o i r ,  

cesium feed  tube,  f i l amen t ,  a c c e l e r a t o r ,  counter  e l e c t r o d e ,  h e a t  s h i e l d s  

and suppor t s .  Cesium vapor passes  through the  r e s e r v o i r  through t h e  

cesium feed  tube t o  the  i o n i z e r  from which cesium i o n s  are evaporated.  

The a c c e l e r a t o r  e x t r a c t s  t he  c e s i u m  i o n  beam from t h e  i o n i z e r  and 

a c c e l e r a t e s  t he  i o n s  toward t h e  o ther  assemblies .  The counter  e l e c t r o d e  

i s  both a h e a t  s h i e l d  and an e l ec t rode  which r e p e l s  t he  e l e c t r o n s  toward 

t h e  i o n i z e r .  

The i o n i z e r  tube and t h e  cesium feed  tube a r e  of chemical vapor- 

depos i ted  tantalum. Tantalum i s  used because i t  i s  the  most d u c t i l e  

r e f r a c t o r y  and has  e x c e l l e n t  welding p r o p e r t i e s .  This  material i s  

produced by vapor-deposi t ion because this  i s  t h e  most s a t i s f a c t o r y  

method f o r  making small-bore th in-wal l  tantalum tubing.  

Tungsten 3% rhenium i s  used f o r  t h e  e l e c t r o n  emi t t i ng  f i l amen t .  

The rhenium content  prevents  the low temperature  embrit t lement problems 

of unal loyed tungsten.  

0.5% t i t an ium,  0.5% t i t an ium,  0.1% zirconium) s e l e c t e d  because of i t s  

The f i lament  support  i s  made of TZM (molybdenum, 
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F I G U R E  5. H E R M E T I C  ENCLOSURE 
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high r a t i o  of f l e x u r a l  r i g i d i t y  to  thermal conduct iv i ty .  Because of 

TZM's low thermal d i s t o r t i o n  behavior ,  i t  i s  t h e  material used f o r  o t h e r  

p a r t s  i n  moderate temperature reg ions  where d i s t o r t i o n  i s  t o  be minimized. 

S l i t  p l a t e s  and B e l l e v i l l e  spr ings  are of unal loyed shee t  molybdenum. 

Syn the t i c  sapphi re  b a l l s  a r e  used f o r  thermal and e lec t r ic  

i n s u l a t i o n  and t o  assure permanence of mechanical alignment. Sapphire  

w a s  s e l e c t e d  because of i t s  h igh  compressive s t r e n g t h ,  reasonable  thermal 

and e lectr ical  r e s i s t ance , and  l o w  c o s t .  Other metallic p a r t s  are made 

of s t a i n l e s s  s teel .  

This  module has  been designed f o r  ease of assembly and alignment.  

The a c c e l e r a t o r  s l i t s  a r e  mounted on a movable assembly which can be 

moved l a t e r a l l y  and r o t a t e d  f o r  alignment wi th  t h e  i o n i z e r  s l i t .  A 

s p e c i a l  s l i t  r i n g  has  been designed i n t o  t h e  connector  between t h e  

adap te r  feed  tube  and r e s e r v o i r  t o  f a c i l i t a t e  loading of cesium. A 

t h i n  copper s p i d e r  p l a t e  connects t he  r e s e r v o i r  t o  the housing which 

acts as a h e a t  s ink .  A thermocouple is placed through the  center of 

t h e  copper p l a t e  t o  the bottom of t h e  r e s e r v o i r  i n  a s p e c i a l  r e c e p t a c l e  

f o r  monitoring the  r e s e r v o i r  temperature.  

Spacer Assembly 

A space r  i s  used to  l o c a t e  the l e n s  an appropr i a t e  d i s t a n c e  from 

the  i o n  source .  A beam monitor i s  incorpora ted  i n  t h i s  assembly. The 

a p e r t u r e  i n  the  monitor e l e c t r o d e  i s  s i zed  s l i g h t l y  l a r g e r  than t h e  

l i m i t i n g  a p e r t u r e  of the system r e f e r r e d  t o  t h e  p lane  of t h e  monitor 

e l ec t rode .  By t h i s  means, a s i z e a b l e  monitor c u r r e n t  i s  c o l l e c t e d  

wi thout  decreas ing  the  n e t  beam curren t .  

Lens Assembly 

A t h r e e - p l a t e  equ ipo ten t i a l  l e n s  i s  used t o  focus the  i o n  beam. 

The middle p l a t e  i s  connected t o  a nega t ive  p o t e n t i a l  and t h e  o u t e r  

p l a t e s  a r e  grounded. 

Def l ec to r  Assembly 

The uniform electric f i e l d  requi red  t o  d e f l e c t  t he  ion beam i s  

r e a l i z e d  by two p l a t e  e l e c t r o d e s  and seven guard r i n g s .  The guard r i n g s  
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F I G U R E  8. ELECTRICAL CONNECTOR 
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FIGURE 9. MICRODOT HERMETIC CONNECTOR 
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are t i e d  t o  equa l ly  spaced p o i n t s  on a vol tage  d iv ide r  and thus  al low 

the  use  of a much smaller s t r u c t u r e  by l a r g e l y  e l imina t ing  t h e  e f f e c t  

of t he  f r i n g i n g  f i e l d .  

Cons t r u c  t i on 

The f o u r  modules are separa ted  by 1/32-in.-diameter sapphi re  b a l l s  

pos i t ioned  i n  h o l e s  t h a t  have been j i g  d r i l l e d  f o r  accura te  alignment.  

Electrical  connect ions f o r  the  r e s e r v o i r  h e a t e r ,  f i l amen t ,  anode, 

a c c e l e r a t i n g  e l e c t r o d e ,  l e n s ,  and ground connect ions t o  a l l  f l o a t i n g  

e l ec t rodes  are made through t e f lon - insu la t ed  wi re  routed through 

grooves i n  the  ou t s ide  s u r f a c e  of t h e  modules t o  a hermetic  connector  

a t  t h e  bottom of the  assembly. Location of t h e  grooves i s  shown i n  

F igure  7 and d e t a i l s  of t he  connection t o  a t y p i c a l  e l ec t rode  a r e  

shown i n  F igure  8. The hermet ic  enclosure f i t s  over modules secur ing  

the  wires i n  p l ace .  The enc losure  a l s o  inc ludes  a removable cover 

and a t a b u l a t i o n  t o  allow s to rage  o r  t r a n s p o r t  e i t h e r  under vacuum o r  

i n e r t  gas .  

Very-low-noise t r i p l e -  sh ie lded  cable  i s  used wi th  the  beam monitor 

and d e f l e c t i n g  e l ec t rodes .  A microdot hermetic  connector i s  a t t ached  t o  

the  o u t e r  cy l inde r  and modified t o  permit  s l i d e  con tac t  t o  the  i n n e r  

connector as shown i n  F igure  9 .  The i n n e r  b ra id  of t h e  cable  i s  a 

d r iven  guard s h i e l d  t o  minimize the  no i se  l e v e l  of t he  system. 

There are over 6 1  ind iv idua l  components t h a t  have t o  be a c c u r a t e l y  

machined f o r  t h i s  source.  Many new and novel des igns  had t o  be invented  

and incorpora ted  i n t o  the  dev ice  because of t h e  small s i z e  and complexity 

of t h e  components. Since t h i s  i s  t h e  f i r s t  p ro to type  of the  sou rce ,  

t h e  modules are designed so t h a t  they can be removed f o r  modi f ica t ions  

when r equ i r ed .  Addi t iona l ly ,  TMZ w a s  used t o  r ep lace  t h e  n i cke l  

components because of i t s  supe r io r  performance, and this requi red  

cons ide rab le  more machining hours  than o r i g i n a l l y  a n t i c i p a t e d .  A s  a 

consequence, f u r t h e r  work is needed before  t h e  device can be t e s t e d .  
~ ~~~ 

Although most of t he  machining has  been completed so t h a t  each of 

t h e  modules could be assembled i n t o  a complete u n i t ,  t h e r e  remains 

a s i g n i f i c a n t  amount of work p r i o r  t o  completion and checkout. The 
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r e s e r v i o r  has  to be completed, and t h e  i o n i z e r  and feed  tube  must be 

e l e c t r o n  beam welded. Machining of many h o l e s  f o r  ho ld ing  sapph i re  

b a l l s  i s  s t i l l  requi red .  Most of t h i s  work, however, i s  r o u t i n e  and 

can proceed wi thout  undue d i f f i c u l t i e s .  
- 

. *  I 
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