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I. INTRODUCTION

This report details the design of a satellite

ele’~tron beam system . The system utilizes

a Machlett Laboratories, Inc ., Model EE65
electron gun which was de~ igned for space-
flight applications .

The e ent ract 5p .c I ficRl ,iUII e a i  I f cr -  s tx  I ‘‘vol s

1’ e t r en  beam in~ r-j’y, six levels of beam

current , thr te focus anon’ voltage levels as a

percentage of L am Ofl  rgy, and operat i on in a

puls”’i moe~ , synchronous ~~~~ thE’ spacecraft PCM

telemetry system. All instrument ope rating

modes arc ground commandabif: using magnetic

latching r el ays  wiThin th~ instrument . There
are no automatic seauential modes of operation .

To prevent poisoning of the oxide-coated cathode

at atmospheric pressure prior to spacecraft launch ,
the  electron gun is opened in t .’rbit upon ground

command . The instrument is to he used on the

SCATHA (Satellite charging at high altitunes)

sat’llit’

2 . ELECTRON GUN DESCRIPTION

rrhr Mneh] t 1 1 .  :i~~~ ~1 ecl,r- (>n gun has a h e a l er  — eathone

~~f l r j  contrel gri d assembly which is basically that

a pe~ r j r - i (~dP . In 3d (11 i i  Ufl it has a focusing,

acc’ :1er~~T, 1 ri lr ~ r i arI IJ  ~ l 1 I  ~‘nij (
~l~) or

‘~ol I’. ci . C r .  ThI • c r 5 j  ~ ( ‘C  ~ o r 1 u~~ -n as a beam

a return circuit h”fore the ~‘nr, 1:; opened .

—I—
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tn t he  er~~gina1 des  I gr~ c f the EEO~I there wa n a

han d of’ moly—martganese f’i r ed  ~o ihe outsi’J - of

a ce ramic tube  be tween the end cap and the
accelerating anode ring . This band was two mils

thick and about one-eighth inch wide . The cold

resistance was about one-quarter ohm .

When sixteen volts from a suitable supply was

applied to the band , the high current of about
sixty amperes heat-stressed the ceramic cyli.nd’ r

causing It to crack evenly around th” tub” . The

end cap was fixed to a spring loaded arm which

carried the cap to the si de of the gun a:;s mhly 
S

after the ceramic 1,ubc was cracke i , Tn U”

process of opening th”  gun the moly-mangane no - •

Land was open-circuited , shutting off the powe r

drain from the supply. The gun opening required

two to three SE;COfldn . Th is method of opening
the EE65 electron gun was successfully tested

many times and successfully used in sounding

rocket instrumentation .

The minimum cell size for fl1~”ht supplies to 
S

provide the sixty arnp”re~ was the Yardney HR-15

cell , rated at fifteen ampere—hour’s.

Since bol,h the vol tage and peak poWer levels i- ’
not. r’~adily attainable on a n a t I lil 1. 1 - , Machlc’tt

Laboratories changed the design of the ceramic tub e
between the accelerating anode ring and the end

cap . The moly-manganese hand was reduced to one

mu thickness by approximately fifty thousandths

wide .

-2- 
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Thin increased the cold resistance to approximately
Cfl~:’ ohm .

On thE : I n:-ide surf ac e of’ tb’ ceramic cylinder- ,

dIrectly uiv2’r 1-he m (J~/—manganese band , a
groove was machined to recuce the cylinder wall

thickness - Su c c e s sf u l  tub’: breaki ngs were made
o,; I ng t w e n l , y — ’ - i ” h l .  volt : ~ t a p p r o x i m a t e l y  t w e n t y —
f i v e  a mp e- r’ : for ’  a pp r o x im a t e l y  th ree  seconds.

in aud tion , a sq u i h— a c t u a t .ed wedge mechanism was
- s - r~ed t~y W. Lynch of AFGL to separate the

en~ cap f’rom tb’ ceramic cylind’ r at the brazed
,~oint b€:tween the cylinder and the cap . This

method of opening the gun was tested successfully

many t~men on dummy gu n s  at atmospheric pressure .
The greatly reduced spacecraft power requirement

of the sauib—actuated wedge mechanism over the

heat-n tr~ nsed band in obviously (1”nirable but the

effect of’ c u t — an : ;i n  of 1,he t- x p t -- ndr- d squib on

catheor poinoruiri~ has not been fully investigated

as of thc writing of th is report. .

DESIGN GOALS

of’ t h elec t r o n  gun  application as a

:;tlm’flun for ’ the SCATHA satellite , the design

goals we re :

1) an much beam curr-ent an possible within the

rest riction of’ fif’ty watts maximum with the

• 1ns~ rume n ’., and 2) as much d y namic range both In
Loam current and energy an possible .

-3—
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The f’l r-s t . goal dep’ nu : upon the ci’ U ron t ub e

v-eir ’-t r :! an i on’ r-U.I ng c on d it ,I or s . The EE65
‘- l e c t ron  gun in capaLl’ of ’ f’orm ing a beam wi th
a current of seventy—five milliamper es at ten

kilovolts of accelerating potential. At low

e nerg ies  the beam is poorly define-i r~ri ’J a
significant amount of powe r is expended in the

anode ri ng .

End cap and anode ring chara c t.s r ist ic c u r v e s
w e r e  p l ot t e d  fo r  t w (  EE6 5 I r - c t , r-cn gu n s  ( S/N 3814
& 3914) in t.h r 500 vol t  to 3000 vol t  r egion .
Assuming that  twen ty  w a t ts  of beam powe r’ r r q u ir en

f i f ty  w a t t s  of ’ inpu t  p~~ ’-r te  tb ’ i n s t ru r n e t i l ,,

maximum beam c u r r e n t  (cap curr- -nt ) at less than
twenty watts beam power occurs at an energy level

of 1500 volts. At this voltag e the cap current

is 13 milliamperes . Th’; anode ring current is
0 milliamp eres. The control grid draws about 5 ma.

Uariation in focus voltage up to trn per-cent of’

the accel erating vcitage has 11 1, 1 1’  effect on t ,he

cap cur ren t .  but a l a rge  e f f e c t ,  on anode  r ing

cu r r en t  rI the a c c e l er a t i ng  vo l t age  range of 500
volts to 3 kv . Hewever- , I~he arlI dI • r i  nj r  (‘urr~ ni Is

mini mum ~ 1 , ~j f ’ ( , I IA S (~~( , t  ]I V ( I  I t . f l j ~’ • 

~PI~ ~~~‘ I iFild . ( - I  y I l u

5% (-f ’ th’ ace’ I’ r-atI rip’ vol ta~y: and increases wi 15h

focus  anode v o l t age .

All of the tube char’actr-r’i sti e curves were taken

a t a f I l am ent  powe r- level of 7.’ v o l t s  at 0.9

amperes . Spot checks of the curves at the

nominal heater power of 6.3  volts at, 0.75 am-
peres produced similar dat-a.

— 1 —
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Fs~ ‘: h ’ - t -  t--sts .‘Je r- ’- p I - r - t o 1 - r n e u  U wr to accelerating

vol~~ar-en el l i  f t  y volts- to  try to d e t r — r ’mine if a

::isLl l’~ - r a r t L’-am c u r r e n t  coul ’l  he generated at low

- en’ rg j’-:v’:ls. It s:~:r I - - m d  t ha t  h -am -urren tn

of o n e  m.i 21 lamp ’-  i- ’ w r r oss LI e -  iewri l .o efl” r-p’i e, ;

ef one hut-u r-’ - - a n t  t i  Fty vol 1 5 , and beam eur- r-” nit

of ’ one huridr-’ u s lu r- ‘ — n f L  res down 1,0 ‘ri’ r ’gies 01 ’

~‘If’ty v elt.n.

Pt the  max moo b”am e u r - r ’ - r t .  f o r  Ii f’ty watts of’

i r m c m n t p o w e r , th e  powe r- breakdown for a flight

~.r n t r um e n t  is as f’ollown :

Beam P owe r 19.5 watts

i~ ’at ’ r Pow r 7 5
Aned’ Ring Pn-~’ r- 6.0 “

Inst rument C nf,rol powe r 5.0

38.0 watts

Asnumeo ‘(9~ ‘ f’ficL-ncy

50.6 watts input pew

A n h~ trar ly a: ~going l;-nr ’-’’ k~ lov c-l~ an an oh- I t

b o u n n a r y  -, n. auce1r~r-ating ,tenti;ii , tL- max~ rr cni

Loam corr- ’-ri t at ~~~~~~~ s potent iLl :n a non—pul sed

modr of’ op ration ~:‘ nix milliampere s.

Tb’: O~ s vn g( a I o r - - — ‘I- I’ ri ‘i WIl h th” con~ l. raint :‘- of’

maximum b eam eurr- - nt . at no mor e than fi fty watts

input , m a x i m u m  L”am en r’gy of three kilovolt- s,

anc a. maximum dynamic range arc : 6 levels of
electrOn ‘-ni i-r ’g,y : 3 kv , 1.5 kv , 500 V, 300 V,

150 V, 50 V. ~ levels of beam current: 13 ma,

-5-
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~~- ma , I ma , .1 ma , .01 ma, .00) ma. The above

two parameter- s to L’ ‘en .rrIar ~ aLl’- in any combinat .I efl ,

~ W ’’,’E:t , i h i -  c r m l i n a t i - r m  ‘- 1’ I hr -er ’  kilovo lts
at thir-t - en mu ll amper” s ‘-~~“~~-d:; tb’ maximum

Input pOw~-r - level an-I rim :nt , to a u c -m a l . i c al ]y

locked our , of t he  command ci r eull ,: ’ . Tb c rIm —

hiniatlons of low n e r - gy  and high uu r-r-”n trn arc- not

pc snible uue to  t he  e 1 e c tr -~~ni t o t ’  g urn ’-tr-y, b u t
o ar n  0 n- i ’ ’ ’- d  tI - in p u t . p ’ . w 1- tnia X I mum .

In add t. i r r  1 0  t h e  to  :1 x — l ~ v ’-l f ’ -A n c t  t o n .
d e sc r ib e r a. 1 eve , 11~ i s  r nirat lc- t o  :~~- l. on~’ f’

t h r ee po ns l  h i ’  f ocu s  vr , lt ap ’ r s by groun d “ ummar s i .

Le nt focus values a - - t - ( -  0%, 5%, and 10% c - F  t I m ”

accelerating potential as determined by least

anode ring current for- maximum beam current .

Since any space vc--hlcle PCM system can supply PCM

w o r d  ga tes  of a w i d e  var-~ ’-ty of frame wi c - i  lengths

or w or n  h it lengths , i t ,  i s  r i e s ir - a b l e  to operat’-
the electron beams nyst’-m in a pu i  o’ mod e  pro-

-iucin rn anct ir ’ 1- f a co c ’r -  of’ IC - n or- no n av - mar’ ”

b e a m  co r n - - n t  cy r i ami  0 r - a - r i r~ r a n  w c- li a : -  p r o v in e  a
dynamic stimulus- fo r  1,he a - n a  lyrr s of sp ace  c r - a f t ,

charging p h e n o m e n a  at hi~~h a !  I - 1  f i r - n - s . P wan

i ’-eI dr ‘I I .e us”  a d u l - y  f - y r - i C - of’ r - r ~ - — . - i  ‘:1 - n t h
(( .~~- s % ) .

F -n r~ f r-am ’- 1’ ngth of’ IYI w or m a o l  P H- a’n I ’s per

‘‘- eon-i , a timing gate (f ‘I w mr p r- frame

t :Nic~ per  Frame , p r - - J O e l  s n t ’ ’ a n .  p irlsi n-i ’ 3.~
m ill n ’- c c o d s  and a pul  . i -  p - i - 1 ~ or- I a ’  - ‘ of ’  i i -

pe r  sr- c coo . 
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Tb ’- : :cf . r r a t  Ic dlair r a m s  I ’ r , t  O h ’-  ‘— 1 oct r o n  be am

5:/u in p w m- ;:upp] y I -
- : ;h o o r m  - r :  F r a~ ii  r~g D—71P,

- -  - 1,5- 1 a-~ i 0

C r  ~ h - ’ - t  I , t I ’ inpu t , p w ’-t - I ir e - :; eont,ain a

F I l n ~~r s ompos ’- -i of C1OTI , IdOl , and Cl02 to

~e- L’e- o n m u c t ’  - I e m i  s n i  on :, from I L  powe r’ supply
,~~‘i l t C ~~~~5’ n - u l a ’ ors  a - n i  p owe r ’ i n ’-j e r t r  r n .  The

output of’ Oh ’ Fl 11 ‘ -  r p’ o’- n-n l,wr switching

regulators , f b i  and  Dl02. DlOl with its pass

t r ’ a n m n in t c r -  s w i tc h  circuit QIOl aol Q102, storage

:o.muct anc ’- , L202 c e mr r ru t - a - t i ng i - ’iP , CR102 and

o u tp u t  ti ) t e l  , 0 2 03  and 0)04, pi - due ’ s a f ixed
twenty vr.l t r-’ gu i  a t ’-~j OUT f lu t ,  oh oh ‘uppl ion powe r-

(‘- - n- I ’  ma- St 1 r I v I  i t ’-  r e r r  1 11 a r- ØT (ii , Q200

a-no T 0. or Sb’- - 1 , 0 ariir slav ’- - r, ow- r - inve r-ter’

QI05, Ql0( and T102.

LI -Ok w i t h  it .; pass t r - a r n i  s to r  swi  l e t  circuit ,

a - r I  ~~~-02~ , ‘-n cr - C ’ :! st, c~ -a-g1 ind u ct cr ie r- , L103,

e - 1-mn s:ita’. : . n -  en - i c :  , -~RlO’~ an- i output Filter- ,

0110 ann Clii , produces a f’our level r’egulateu

o ut pu t - i c ]  l :apy , programmed by command relays ,

1(101 a-nil KIOP .

r r h( .  rnti s t o  r- ‘ — c  11 l o t _ or ’  - a I OW ~~OW - r- , I ’~- i-ri te

, 1 r - n r i n f ’ or -m - m - t ypo de si gn ed  1-0 l’ m - t ’ e — t - u n  a t
t, Or r , t ’j  Khv. • Ii. -1;’, : ;y r i c t t r - o n i  Z O I I  by I ho p ) - I u : ~-n ~’-
of ’ a ‘- w  nt y— f ’i v ’- his .:igrial f’ r-n ir i 1-he ‘-pane vetii’1 ~’
:;ysic mr or ,  Oh pm- i irma - t-y of’ T20) . Th - t. ransfor-m - r

solater; power ground from the signal ground

re-turn of’ th~ - synchron izing signal.

—7 —
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rp 1  , - ‘ :O~~- ’ , so:-, wir ~ Ii n m ’- , t ’ ~ r )~ -~~ mn, ‘i r ( n O 1 l l a ’  ‘- r
tr-ar ;f ’ ur rrm ’ r- pr- ’- il-i ’ s a- i o(,t, :;tr-app ‘I th rr - a-nd

one —half vol t .;uppl y or t r  p of’ h r  - Inpu t i w e n t y _

‘~inI ’. wi ’s so 0ha 1 hr I ‘wi’ oi~~rm g r ’ ;rirl a i m- pan :;
O r - a n , ;  In nor-;: ma - :~‘ 

hr to 1. 1 
~ a - f  1 -ow 1 r o i l  1 1 no

‘/oltage and t b ’-  refer” - m airrt.a In high switching

efficiency .

W i n d i n g : :  10—12 a - u I  13— IS pm -- i I d ’  L a - s c - sw it ching

sIgnal s (‘or- t o t  h - -w- - r- I n v r  r 0’ r - , ; . I i  the e : : ign a I s
f’or 1 - o h  sw i  t o k , i n g  N - g u ] a t r- :; a m - ’  l a k e n  From I L -

colle ctor-: ; of t i ’ - mast ,’ r- o se l  h a t - o r -  :;wi t I m i n g

transist or:;. tJ -t ’ - t ha t , t i r s ’  s i g n a l : ;  am-’-

pr ‘- ::ent’- 1, ’ -  ij ,  - wi 1 ,yhI rig r- ’ n-u] a - Ic r-:: ri a] Li’ r -nm a l , ’
half cycle;; of the oscillator . Thei-o for-c- , th
switching regulator- s a-nd t he pow er- love i - I  or : - :  ar ’

all synchron ized to O r ’- -  m a s t e r -  ns-ei flaT or.

The pow” r- in v ’-r t e rn ;  are non— satur- atinm g ferrite

core type . The slave power’ l o v e - r i  “r- 0 err s :—t irmn -

of Q105, Qi06 ann Tb ? , pn -  ,i i r i ’  I he - i x ’ -i pewi r-

supply ‘irj l  1-n m ’ - ’  :- (‘or E L I ’  ‘ l ” c r , r i ’r :  I: ~ a - fm : y . ; ’ ’ - - m .

W i n d i n g  ~4 — 6 of’ T102 provide;; I vol 0:— r” fe r’red
tr ~ gr’ - und  f’or the TTL ic~~i c  in l b  - I rm p ’il I im i r i j r

n - - n t ” o n-’ I J J  , . WI rn-i I m g 7—0 ~) J I  i i ’  : ‘- ~
) 5 v ’ i t

re I” - m-’ no ’ ‘- I I ’  ‘ i - ’ ’ ’ :  r i I ” - I hr - 1 ‘-1 in - r-y hu f’l ’ - r-

am p i i i ’ i ’  r - : :  arid or ti er- ana-]ntr c i r c u i ts  r e f ’ , - r - r - n e e I i

to g r o u r s i~ Thi-: :’- vol Lap’ (-;: a r-’ - p1 sC — 1 - ’  -~‘- I ]  a - i --

r .y P103 a-rH Dl 04

~lr~ i r n -  ‘— 1 5  pr ’ov 1 (11 - , I i l r a-  t’ r — W a V 1  - hi -a - I ’ -r- powe t-

for t i m ’ -  electron gun. This winding floats at
t,hr - ni ~‘-at lv” high volta -n- of’ thi boa-rn (

~~~ C igy

r - - - w ’ - r  s u p p l y.

— p —
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’ r - : -  1 ~j — i 0 h r - C  / ‘ - 0  ‘ fl’ .:nm r ia m — W a - ’ J ’ pow” r- 1

i ’~ cnn: Ole-OP o r ’ i  f i  I t: t - : :  C014 and  215 pr o—

sm’- ~~~~~~~ v olts n-’ f” 'rr- -rJ 1, r ,  01 , ’ -  n ’-ga -i.lw-

r if r c ,-e1 nag’ - I - f ’  t I .  l ea-rn -i ’ - r’g ,y mm ’ -w’ - r - supply.

Tr -an For -mr r a:’::’ nni b y  TIOl  i s a - r i — , - 1 1 1  “ i i
assemb ly. Sections A and B with their respective’

~Icde  b r idge  a s s e mb l i” : ; , CR005 a-nd CR210 ,

-~~ ‘lr ’ -j ebop 750 v o l ts  each w i T  h 20 j r - f t s  co fl i he cen te r ’

t a p s of 1- h ’ - ir  p r i m a - r i ’ - : ; . ~l ~~~~ cnn C , D arid E
— a-nd their r-’-:np cti v’ t m- I on-’’ r-°ol , 1 fin- - r n  CR211 ,

CR212 ari d CR213, ci ’ -i’ lot ,  500 vol t ,:; each with

cO volts on t I ’- - c’ y m I - ’ r - t ar , . :  of th e  I r- primaries .

The f i v e  : : ‘ - c o r m - m a - r - y  v o i l , a n - - output :; are wired in
sr ~r ’In- to  form th ’  beam energy h igh voltage

-

- 
supply. The- pr’imarie :’ of section A a-nd B of

TiOl an-’ dr-lw n L~i ir ,v ’-rt ’-r’ tran:;ist,or’s Q105

a -n d  Q.l0~ ‘ hr - o-ugh c omm an re l ay K103 In the

3 Ky command mode only. The primaries of

nr ct ie r r: : ‘~ a- r i ’ :  P ar ’- dt ’ i - je n by t,r- ,an: :istor-:; 0107

a- rn-I C~10k t}s r - ’  - ‘0 ’ :- : ‘ - o m m a n r l  relay , 1(10)1, ~fl 1-h i : 3 Ky

and 1.5 Ky comman d mod ’ :; only. The primary of

section E 1:; a] way;: li- i — i - -n try t,m’annist,orn; Q1O’(

:-c nn i Q] oP . in Oh ’ - “ 1 - 1 , 1 . S Ky :rn f 500 V me Ir .

th e p r - i r c r, r - y C’ n t ’ -  r l a - F r : ;  o f ’  1 ,h ’’ I , i - a n : : f ’ ormer ’  aN -

at 20 vo lt s . In t ij e  300 V, 150 V and 50 V

modes the  cent ’-r- t,ap of’ u-ct -ion [‘i Is reduced

so ap pr- -z ima i - - l y  10 , ( ‘i ri d 2 vol t:: r’espnetl ye) y

: :f  ‘ ‘H c r . g ~~r m : ’ -  i i -  1’ —- -di - a - o k  d i v i d e r -  for’ switching

regulator U202 with r e l a y : ;  K101 arid Kb ?.

Q
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Those secondary supplies that ar° -in the off

state in othe r t han  t he  3 Ky mode of operat ion
look like short circuits dur-  to the forward

biasing of the rectifier diod e s .

U105 in; the di ‘‘di- mal,r- iw w h i c h  d - 1 r ’- r-mnin , 01w -

st a t es  of ’ me ’ ) n y : ;  Ki 01 thr - ’ ,nm t ” h K 10) 1 . T a - l i ’ - -  r

shown the  r e l a y  st aI,’-s , se-e t i  on:; of’ TIOl

ene rgized , and ou tpu t  vo l t age  of ’ pr’ogramm~- -u
swi tching  r e g u l a t o r , U 102 , a - ;-; ~ fu n ct i o n of

input command signal . Note t h at , the- s e c t i o ns

of TiOl which are powered ar-c a function of

K103 and K104 and the programmed regulator

voltage Is a function of KiOl and K102.

Five v o l t  c ommand v c  r-if’ieation f”I ag;; are
— genera ted  which m o n i t o r  t h e  s t a t e s  of ’  t ime beam

energy  r e lays . FlO and Fl. ] are p’enc- r’a t ’ - -d i’m-Urn (‘iv ’- ’

‘,olt w i n o  ing : :  on Tbo l , secf , l  or ::: C ‘~~‘i R , w h i c h

are r’e f’e ’ r -r- ’ - r J to s i gn a l  gr - ’ und . W h o  f ,h ’ f - ma - m m:: —

former’ nec :  L i o n s  a r ’ -  i - n e ’  m l  v, c -d , his ’ c- , Khs signal

is hal f— wave rec ti  f ’ i~ - - m a r id 1’ u t  , red t , o p i-  -

fj ’j e vol t : ’- or a “ o n - : ” to t i ’ - PCM :‘y :;f -rn . When
the transfo~~ er section 

j r  not  “rrer -r ~i ’/E - i , it

r ep resen t s  a very  low imp er l anc  to g r - e m m n e f  and

the negative flft’-’-n v o l t -  r ’- I u i - i :  01 ’ t h - Cl a -n -
c i r c u i t  l oa d  resistor k’ ‘‘p:; I hi-’ r ’ - m l t , i f i e r -  on

and p r o d uc e s  a negative o. ( v o l t - s  or- :n - - r ’ o t~o the

PCM system . This  m e t h o d  of’ flag i’- ’n— ’- r-at i cmi i ;;

r ” -q u l r e d  s in c i -  b o th  a - v a - i la - i - i ’ - pcI : ‘ n i  t i l l  r’ e1r, ~~:’-

be lr ir ’  m o n l t , o r c - r i , K]03 a-n il K1 04, a n-’ ii :;erl

-10-
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Flag s Fl2 a -nd F13 monitor the status of Kl0l and
K102. Thc- : :e  flag;: a r”- gon i - r-ate d from the logic
N - ~~ r su p p ly  vol  t a m ”  o f ’  5 ‘j r - ] f :; a -n i l  am ” ’ p icked
‘~r’f th e l i f lUS i  ~i pcI’- :: o f ’  t he  re-lay ::.

The state:; of ’ t i s  four l earn energy 1ev ’:) flag :;

a :; a f un c t i  °n of ’  i n p u t  c c r i n m r i a r d  5 1: ; :;hown on

Ta~-le II, FlO thr ough F]3.

‘,-n r nh -c t  t w o  of the  p o w er -  s u p p l y  :;chemat ic ’ , a

high imped ancr divider R21? through R229 is-

shown across the beam en ’- rgy su p p l y .  This

pr-ovid ’  s t a ps  at the- h i g h  erid of t,h’- divl ’b- r

f o r -  - j o l t ag -- l e v i - b  5 (‘or ti - re f o c us  an o d f -  of’ I-h i ’
e l e c t r o n  g u n .  A tap  at the  low ‘nd  is used to
deve lop  an analog m o n i t o r -  vo l t ag ’- of the  h i g h
-1c, l t agn  : :emppl y  The- bottom CflCi of ’ t~i I ’ -  d l v i i i ’  r-
is e-::tabl I :;hed at a i ~ r l .u a- 1 gr -o ;n ’3 by means
of the bra -rn current control amnplifi -r , to

be de :;cr - i b e c  l a t n - - r -. tf}-n-s d i v i d e r ’  r ” - tu r ’ n  cu r -r - e ’r t-

flu,1 ~ I a- : :u r -  cj 1 
~ 

f b i  :: amp] i Ci ’-- m- and thereb y-i

do es  no t . I n t , r ’- - i ’ j m  an ‘-rr’nr In the  control . U201

is a v er y  high impedance unity gain amplifier-

to buff’ r- 1 -h e- ‘ l i v i d ’- r ’  monitor. UPOl in’- an

I nve r’ti on- amnpl I fi or WI Oh n-a. I ri :;w ’ t e l i  a :  a f’uno—

0 1cr : of’  b r - a m  ‘--n~- r’n-,y comma-nd . When KIO1 or K102

or ’ b o th  ar ” set (~~oo v , 150 V or’ 50 V c o m m a n d ) ,

0,203 1 :; l , ij r ’n t : i J on ars i r i - l a y , K00’-~ 1: : (;icsr-d ,

: ; i - ’ -,rL  n v  ‘ - u i . k~- 3It , i no m - ’ -a : :  I nn - t I ’ ’  n-a in  by a

fact- n- n - ni ap p r - ex i m at - ’ - l y  i, en .  The focus  r e lays

change Oh’; r’e si :;tnr- d l v i  I’ m’ n i t -  L l i i ~ top of the

mon l  t , er ’ - r - r i rig ( - f ’  r - ’ :1 d o t - n , c l n i n g i CI ’- tin-- ovei - —

all ga l  r o f ’  O h ’ - ’  h 1~’h v o l t  a - n - c-  mon i t - o r ’  s l ig h t ly.

—11 —
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- Tahi’- III - t ow:: O h ’ -  ‘j :L t  I :ji ,Io rr (i f’ tb ’ h i g h

volt - an-’: tin - ru O r -  c I r -cu It WI flu  beam ‘ ‘r r ’ : r ’g :J ar id
focus eommandn .

The gun focus anode v o l t , a i r . - : ;  ar’ approximately

0%, 5% and 10% of the  beam energy  :;upp)y,

tapped down from the  negative high vo l t age . The

focus swi t ches  ‘are small r ’e’- ’U r ’-lays , K20 1 and K202
capable of 3~ kv Isolation between their- contact,n;

and their energizing coils. The coils are driven

by contacts from command latching relays, K20l-~ and

K205. The diode matrix for the three focus

commands are CR227 through CR232.

The electron gun accelerating anode Is r e tu rn ed
— to the positive end of the high voltage supply

which is at a virtual ground.

5. BEAM CURRENT LEVEL CONTROL

The f loat ing elect  r’on gun cathode and g r i d  dr - l v ’- r
circuit Is shown on Schematic  D-718, Sheet 2. The

other’ element s of the beam curr’ent control loop

are showru on Schematic D-716, “Beam Current Level

and Duty Cycle Control Card .”

U301 is a. c u r ren t  to vo l t agi  amp l i  f i & - r ’ -  w i t h
command switched ga in .  Re l ay;; K~ 03 through K30’(
ar e :;et , one at a tIme 1 y in’ ar - - oil’ ‘ : omm anids cii

the six current love) ~‘ o r n r n r u t u ,~ line:;, t h rough

--12-



~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ “ ‘

di ode m a t r i c es  U303 and 1J30)4. R325 Is across

the a m p l i f i e r  at all t imes . In the one micro-
az~pere c ommand mode , none of the f ive  relays Is
set . In each of the higher current command modes

one of the relays is set while all others are

reset . This places an additional resistor in

paral lel  wi th  R325, changing the gain of the
trans—resistance amplifier’.

Wh o-n the  beam 1:; on , the  higl’i vol  tan-i r’(-tUr’fl

curr-ent , e i t h er -  t h r o u gh  th e ’  cap and logar i thmic
amp l i f ier  ( to  be exp la ined  lat ~er )  or ’ through the
open gun and the env i r ’onm en t  to the space veh ic le
fram e , mu st all pass through the feedback

res i s tance  of the  ampl i f i e r , U301. The ampl i f ie r
main ta ins  i t s  input  at the reference voltag e of
pin 3 or zero  v o l t s .  A pos i t ive  current  into the
amn p l i f i i -  r f’orces the  ou tput  at pin 6 negative until
the refi- r-* :rrce voltage of CRL , 6 .4 vo l t s , is

reach ed . At thi :;  point  Q30l s t a r t s  to turn  off ,
r educ  I nm ’ ¶ he current t o  the photodiode of opto—

1nola 1~or- , 13204, on ~clm’;mat ic D—718.

Thi:: in tor’n r ’e ( ] U C ’ - : ;  t hm i - current t h rough  the
( m ha , ; ’:  amp] l i i i  - r’, Q2011 , and causes the

ou t p u t  c-f ’ amp l i f i e r -  13203 to go negat ive , shu t t ing
of f  th e ’  e lec t ron  gun .

Tb’: ‘:ontrol loop then in  such that the output of
t r - ann -r ’r - : ; i st ance  ampl i f i e r  U301 goes to -6. 1-h vol ts
by a-i , u: ;t - ir rg  t h e  beam curren t  of ’ the EE—6 5 e lec t ron
guru . Tb” electron gun eurr-vnt 1; tl- erefore 6. 4

-r v o l ts  i liv ded by t i e  rs-:;istance placed across U301.

—l ,~—  
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The ‘ lx commandable l eve l s  a r e :  .001 ma , .01 ma ,
.1 ma, 1 ma , 6 ma , and 13 ma. Q302 Is normally off

when t h e  c ommand relay K301 is reset (100% Duty
Cycle) and K302 is set (Beam On). However, if

Fib is- high (3  kv command) arid ‘
~~ I:; high (13 ma

comman d)  along wi th  F7 (100% Duty C y c l e ) ,  the
condition is de t e c t e d  at p i n s  1, 2, and 13 on

U302, turning on Q302 arid shutting nfl’ Q301 arid

u l t i m a te ly  the  e l e c t r o n  br - -am . This is the one

possible command mode that require s In e’xc -n :: of
fifty watts of input powe r-.

I
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3 . RESTRICTION ON PERFOHJVIANCE DUE TO DYNAMIC RANGE

Because of the great dynamic range goals in

roth beam energy levels and beam current levels,
certair~ compr’omi::e:: had to be made . The loop
gain of’ the current control l oop would change L
by 13 ,000 to one unl ’- ’ss some mean s of com-

pensating the gain change of’ the’ tr’anm ;renistance

amplifier , U301, is made . Additional relays

In o r d e r  to reduce t , t ’ -  l oop ga in  as the beam
c ur r er :t level became large were consider-ed

ar -n  N; ~e r ;t ’;d h ’-cau: :e  o f ’  w e i g h t  and vol  ume
r e s t r I c t i o n; : . A variab le- impedance electron

gun cathode circuit was used . CR221 through

CR226 and R239 through R244 form this variable

impedance circuit . A :; more beam current

(or  c a t h od e -  c u r r e n t )  is drawn , the vol tage
across  R239 i n c r e ases , caus ing  more of the
d i e -u ’::; to conduct and placing lower impedances —

acr-os:: R239. This E.i f i ’ i;C t i V el y  change:: the gain
of the ele ctron gun sy a-, factor of’ run e to f ive
thousand from beam cur-r’ents of one microampere

to th irteen miliiampcr’-s .

At a be am c u r -m e r i t of ’ one m ic ro a n ip er - - a few micro—

‘iol i , : :  c h a m ~se I’-twe e-n gr i d  and cathode is n~u f f i —
c i ’- r ~t to tu r n  the gun off. Accordingly , the
b e am cu r - r e n t  at one micr-oamper ’e Is one hundred

o e r c ’- r O  rr c, c ju l at e d  by noi : ;e -, both random and
cower -  su p p ly  r i p p l e . The lag time constan t

b

-35-
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I n  t ir e  i~ r - a -.n o r -  : : 1 ; : i i j . n c n f -  f3.rripi lf ’ l ’ - r- to stabi l ize
‘- b c -  loop at t h i  s b i b  gainu 1 s in the or-do-r-

ot t en  m i l l l o c e c o nd : ; , ar id  t h er e f o r e  the  beam
c annot be pulsed at the four -  m i l l i s econd  pulse
width at this current level.

The powe r- supply noise at the higher’ beam
potent ials is h igher . Over the complete r-a-.rrp~
of beam potent ials the one micr’oarnp (-re can
be controlled only to within i- 30 percent .

EVen at t 2u c -  ten rn I (: r ’cwr lpcr ’e lOve’) the 1 a~ t ,lrrn’-
constant in the tr’an::r-e’si stance  ampi I f’ier-
requ ired to stabilize the- loop lo in ti’; er ie- I
of one m i l l i s e c o nd  and the beam pulse 1:; not
a f a i t h f u l  r e p r o d u c t i o n  of the square d r-lying

pulse.  The 100 percent  du ty  cycle  cont ro l  is
good to w i th in  5 percent .

At the lowest  beam en e r g y  level  of f i f t y  v ol t s ,
the  F-’-un geomet ry  doe s not allow control of
beam c u r ren t s  above 100 microa,mperc: : . At 150
and 300 volts the cur-rent cannot be n’ontr-olled

above Ofle ’ mil l i amper ’e . At 500 v o lt s  the

cur-r ent  cannot  ho n ’ru n t  rolled above ;: x lii i. ] 1 i~ —

ampo- r-’: S

At the loW beam energies t he  cathode potential

w i t h  respect to signal ground (beam potential )

is a func t ion  of beam current because of the
var i ab le  ca thode  Impedance . The ene rgy  level  at

the f i f t y  vo l t  command mode can va ry  between

55 vo l t s  and 45 volts from one microamper’e to

-16-
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one hundred micr -oamper-eo . The actual change

in vol’ s a:: a function of beam current remains

app r-ox imat~~1y the  same f o r  each energy level
b u t t h~- perc~-n t  v a r i a t i o n  f r o m  nominal  energy
1e-~e1 d - c r - ~--’a::e:: a:: the high vol tage  level is
Inc rea. :E-o .

7 . DESCRIPTION OF TELEMET RY INT E RFACE CIRCUITS

Sche m a t i c  D—7l 7 ::hows t h e  space veh ic l e  i n t e r —
f’ac’- circui ts- i o n - t h i ’  In,:trumr:nt analog outputs

ann the  timing al - ’- Input .

U? 1;: a t o l ’ l e : r ’  a m p l i f i e r -  w i t h  a ga in  of — 0 . 62
with its- r-’ i’er- i-nc e at ground . This samples

the output of the transrenistance amplifier

which goes- negative with beam return current .

Since the tr’an,:ri-sinta,nce amplifier gain changes

with beam current commands , Table 4 lists the over-

all gain f rom beam return current to telemetry

output .

u8 , TJ9 , and Ql fo rm a unpolar  logar i thm ic
a m p l if i er  w h i c h  is u sed  t o measur e the ele c t r o n
guru cap c u r r e n t  p r i o r  to cap removal .

The ¶ , r - r t r u : : l ’ er ’ ( ‘t u a rae t c: r- ’ ::tic of ’ th e ampl if i e r
- log

10 II 6, where Ii Is in ampere s.

The cap cur’rent is passed through the logar—

Ic element to the amplifier- power supply

an’; on to the transre::istance amplifier for

l i r e - a r -  m ea su r em e n t  and beam current control .

1~-
-17-
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-
- Ulc Is a temperature monitor. The thermistor

(T) is located on a p r i n te d  c i r c ui t  ca rd

re ta iner ’  wall  at the c en t e r  of’ the assembly
near  the top  p la te . Thi,: I:: phys ica l ly  close
to the electron gun socket w h er e ’  t i i : at ’- r  power

of 14 .75 w a t t s  is c o n t i nu o u s l y  expended when

the in :;t rument  is on.  The t ransfer ’  character-
i s t i c  of this circuit 1s:

1
T(°C) 3 - 273

A +-B in ÷ C (in Rt)

where

Rt ~-.78 EUM f- 5.67
X l0~ ohms

6 .49 - ETLM 
-

and
A 1.276 K lO~~B = 2 .380 X 10~~
C -

~ ~ .575 X l0

This produces temperature measur’ement~s from

0°C to 70°C where ’ ~-5V in equivalent to 0°C,

$ and OV is e q u i v a len t  to +70°C.

Re::istor’ d ivid ’-r ’ : :  H?? — R23 and H2 11 — H ? ’ ,

p r o u d ’- -  rrionl ton - :.: fo r- t he  i ow voltage power-

::upp l iee  f’ o r’ diagnost ic  purpose s  in t he  case

of f ’l ight  oata anomalies .

Is a Schmitt t r igger  input buffer for the
beam pul :’: gating signal and the powe r supply

nynchr’e-nising square wav e of 25 KU .
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~1 ~. :-: -‘1 m oru i t  -r  m i ( : r o :o - ;ILch  located on the

g u r u  1 i -  - :  ,- s c - r u  1 ri: - c  : - o r :  s i  ~:: t .; - rn ’ — ; t a r  U e

ru - r;i ‘- ‘irw - a t . -
~~ 

1’ th’ - eb cc t x - - r :  en C op.

- 
Tab) c- ? I:: a I tot of’ ni 0’ i t ;  1 . 1 r u g : :  n : :e ’d  to

-Jc r i f ’y c c 4n rn :x r r : : :  ann ger  - - op d ’ - p1 o,y m r - r r t  . Figure

1 1:: a i’n -ap r of ’  l np u t  p o w ;r ’  r - ’ - a - u i r - c - r n e n t : :  v e rsu s

the Learn en ergy  an d c u r r en t  comman d ::c --ttings .

I
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