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EVALUAT I ON

1 . This is the Final Technica l Report on the contract . i t covers resear ch

done on swi tching ma trices during the full per iod  of performance . P r o g r e s s

was made i n  the on-off ratio ~‘td power consump tion of the switches , and i n

demons trating the feasibility of int egrating amp lifiers i nto the switch

ch i ps . A s tud y was made of the poss ibility of fabricating a resistive

ga te switch which would greatly reduce powe r requ i rement s , as powe r is

~~Ji 
u sed i n  sw t i c h i n g  from on to off or off to on , as opposed to the PIN

d i o ’es switches which require powe r at all times .

2 . Frequency syn thesizers are finding increasing use in m i l i a ry and other

sys tems due to the efficiency n making a large number of frequencies

t av a i l a b l e , all locked to a sing le stable reference frequency source . Fas t ,

compac t swi tc h i n g  ma t r i ces  such as these w i l l  a l l o w  mo re compac t , fast

hop p i n g  frequency synthesizers to be made .

/ / ‘(~~~~.t  / ,~~~~1h-~~~~/

ALAN J . BUDREAU
Pro j ect E rg i neer — ‘

i l l

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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1.0 I N I l l  hI~ I L I  (N

The :uajo r  ob j t - c t l ’.- s’ o f  t h i s  p r o g r a m  p hase h a s  bee n to inipr ’ ‘v s  L i t

cc l : l l ’ac t  mic r u’ .-.’ ,l ’~’ c fr e q u s - n c v , 16 — i n p u t / I — o u t p u t  , s a l  c l u i n g  i r r a v s

U O V I ’ i O ) ’ O A I  In L i l a  p r e v i o u s  phase . h i s -  do ’’ ! cc ci s a r a c t e r i  s t i e s  and i H I p r o ’ ,” —

Ha UL S are summari zod in T a C i t . - 1. As w i t h  t he  p r e v i o u s  device , the

tec hn o l o c ’,’ se l a c t a d  f o r  I DV  improved Os ’Vlce  s w i t c h  c o n s i st s  oh a comb i-

n a t i o n  of v e r t i c a l  j u n c t i o n  P I N  d i o d ~ ’~ on a s i l i c o n — o n — s a p p h i r e  (S OS)

su h s t r ot e . As seen in Table  1, the  ma jo r  p o i n t s  of improvemen t  consis t

of i n c r e a s i ng  the  UN/ OF ’l-’ r a t i o  b y 15 dli and r e d u c i n g  the  DC p ou r d i s s i -

p a t i o n  . The i1::~’ r ay s ’ ) on—off ratio u-as a c h i e ve d  l i v  In c  r s ’ :is ing t is’  t t i ~ u t : € -  F

o f S I N  d iodes  ‘ron three  to s ix .  ‘F l i t ’  secon d g u a : i l  s, ’as a c h i e v e d  ~ ) V ~

r ep l ac i n g  the s i l i c o n  r e s i s t o r s  used i n  LI f t ’  p r e v i o u s  d e v ic e  f o r  F

i s o l a t i o n  and ground r e t u rn s  w i t h  p lanar  i n d u c t o r s .

It t  S ec t i o n 2 .0 , t i l t :  d e sign  and u ’x i a ’r i m e n t a l  r e su l t s  of th e  improved

de v i ce  are p r e s e n t e d  t o g e t i l t - t wi t l~ i n s t a l l a t i o n  and o p er a t i o n  t’~’ ’ ,t:’~r~ ’n L i —

t io n s .

a l S O  Lui v s ’s tj s ’ , i t , a d  du r l i s p  t h is phase  of the  c o n t r a c t  i s  t h e  f s - : i s l —

b i l i t v  of a !-ts.’s i s t iv a  L . i L s ’  Sw i t c h ( I L l S ) .  The :u d v : i n t ; t i ’ , s- of t h i s  u .i e v i c e

i s  tha t no DC pusS’s ’  r is r e q u i r e d  t o  m a i n t a i n  t h e  sw i  tc li  in s I  t i l e r  t l t e  \‘

r OFF stiles • I’hs’ onl y pol~’a r r . ’qu i red Is t i l t  n€ ’ s- s-ssal ’v to ~‘I i a r p i ’  or

d i s cha rge  the LOS gato c:ipaci t s u r e  during a state transi L i o n  ( i l L / 0l”I- ’ isr

O FF / O N ) .  -tn RGS dcvii’ .- a:is i n c l u d e d  in t I l t  5t-? l t c i i  , l r r : l v ’ IS I< s u e t  and

in Se c t io n  3 .0 , t H e  d t ’ s 1 1 ’ i t  ~ nd ox i ’e t ’ H — , ’ n L : i l  res u l t s  of t i l l s  s t i l d \ ’  u S F s ’

p i
- . ‘ e i : t s ’ d .
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TABLE 1

SW ITC H AR RAY CHARACTER I S F 1  CL

Ch a r a c t e r i s t i c  P r e v i o u s  I ) e v i t ,- s- Goal

F’ r equencv  of Ope r u s t  ion 0. ~ 5—1 .22 CII  Sams-

O n — O f f  Ratio 51) dB M m .  ( iS  dli

S w i t c h i n g  Time I t~sec M ax . Sa me

DC Dissipation 50 mU Max . 40 mU M a x .

t n se r t i on  G a i n  — — — — 5 dB

Inse r t io n Loss l;ni f o r m it v  1 dB S u i t ’

h’ i ’w c t  h and l in g  C a p a b i l it y  10 111W M m .  Su im e

—‘ — -~~~~~ V -~~~ -- -‘u, ‘ ‘ .- ‘-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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A t h i r d  task of t h i s  c o n t r a c t  is to stud y the  i’e a s ih i l l t y  of

incorporating an amp li I v  [t i p  s tage  w i t h  each s w i t c h  in t h e  a r r ay . To

t h is end an Lu .) S/ t lVS FE!’ device was also Included In t he  s w i t c h  a r r a y

r a s P  set  and is discussed in  S e c t i o n  4 .0 .
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2 , 0  DES I 5 OF THE 16X1 SN L T L I I  ARRAY

‘F lu e f i n a l  s w i t c h  s I t - s i gn is an e x t e n s i o n  t t~ t h e  p r t - ’ ,’ i s ua

l~ input/I output type o f  switc h . T u e  major ri ‘ I  S I , l i ’ i  c o n s i s t,  f

(1) incorporating square p lanar inductors t o  h ’ t ’  u s t ’ t l is RF cIuo k s-~

u - u i c h  rep laced the  r e s i s t o rs  in t i l t ’  p r e v i o u s  sa’ h t c u i  and  ( 5 )  1 fl i r t  u s  [ isp

t i le  number  of I ’lL diodes to  s i x  i n  order L a  j r , :  r~- ’ . ~
- t 1 ie o n — o f ) ’ r o t  i o .

I S o  f i n a l  sw i t c h  c i r c ui t  is  set’s in  Fi g ur e  1 . ° 1 t h roug h R 5

t h e  r e s idua l  r e s i s t u i n s ’ &-s ‘ ‘ I  i - i : i u u i t i c i o r .  ‘F li t ’  a a ’ i t c li c i r t ’U i I  i s

seen to c o n s i s t  tw , ’ , 3 — d z i ’ t h t ’  i a t ~ - t a t  i o n ~ i n s t - n e--i . L u i u ’h I t t ’

se c t i O n  has  a Se; - r i te  er o u n d  i u i d  b i a s  ~‘ o 1• I t  i s  c i t  t h a t  t h i s  is

tis e only  means b~’ a -j j & ’: u L i i , ,, aS ~I hl s i n / o f f  r a t i o  can be i s - . :  e ’:s’C in  so

co rp ac t  a c i r c u i t .  11w: s l t ’s i ciu of t : i o  s w i t ch  p r u - u : e t e r s  i s  d i sco :  se:!

in the  f o l i o w i n g  s e c t i o n s .

-1 .1 i n t e g r a t e d  I n d u c t o r s

T u e  Us e of i n te p r a t e d  I n d u c t o r s  to rd I s - . ,‘ t i l e  b i :is port  i s o l a t i o n

and ground r e t u r n  rca istors oh’ t h e  pr oc i ,uus s l t - ~~I g ii i s  the  p r i n c i p a l

t e c h n ique by w h i ch  t h e  DC power  r e q u  F :‘ e r e s i t  s ci  lOse i t ch  - u ’ m v  can he

r e d u c e d .  Then onl y t h e  r s-sidual  m e t a l l iz a I  ion I’ s-s [s ta nC e  0 1 t u e

S n d u e  tor  t u r n s  and t i us ’  ~1 Iodes rem a in t o  d isisi p sI t ’ DC pos t ’ r ,  [ ‘ l i t . ‘ , i , s j g n

o h  this’  r e q u i r e d  i n d u c t o r  is d e t e r m i n e d  by t h e  t o .i I , t s ’ i sss ’, co n s t r a i n t s :

1,) ‘th e p h~’s is’ S I s I cc of t h e  in du c  ts’r m u S t  i s  a in  i m i  zi ’s I I I

t ’ s ’ : I p . - i c t  sw i t c h  a r r ay  is to  mesh 1

( 2 )  ‘l ’hi ~ i n d s i c t a s i c s -  must  be 1ar~ c’ t ’u o ~~~h t o  - i i  s o  an i c t ’s’ p t i L I t -

v a l s u s -  ansi un i  f o r m i t v  of  [fl i r t  ( c i ,  I ~t iS i n  t i u t ’  I r e i iu o n cv  b and

( I f  i u i t , ’ r e st  , 1i S 1i ~ 1 2 2 1 )  5 1 h z .

-
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(3) The i n d u c t a n c e  m u s t  not  i n c re a s e  this ’  s w it  d u n g  t Inc  bevs .ind

1 ,~sec.

(4)  T u e  inductor metalltzation width and thickness must he

sufficiently large in order to handle t h e  e x p e c te d  b i a s i n g

curren t density.

(5) The chokes m u s t  not coup La vi :u m u t u a l  i n d u c t a n c e  s m  st  r ay

t ’ u lp a c  it aisce wit Ii in us gi s t-n su it eli and between adj scent

ass ’ i t C h l C S .

In the foil owing se c t i o n s  , t h i s ’  t cad s -u i  t s u l m i s n ’ g  this’ above requi re—

meats  is d isc u ss ed

2 .1 .1  M i n i m u m  i n d u c t an c e  V , i ,Iu e

In orsis’ r to d ot e  m ine  thi s ’ ru sso ,. ’ of i nd uc t i sn - s- vu l ue s  vh f  s ’ l i  ar e

co l l : it , i t  ib Ic w i t  uu t h e  above insert ion loss requirements , the effective -
‘

Iii si i i !  I i n  h ”i pus rt ’ 2 w , ss  a n a ly z e d  u n d e r  the t’ctndi L i o n s  that all six

di odes u s r~’ i h 1 ’n t i c, i  1 , ~~~~ t, l ist  t h e  f o  ru -u i rs i I’s’s i s ta nce  1’d 
and th is ’  dep l e —

t i o n  l u ivs - r capi t a i t a l i c, ’ C
1 

i s the same for till diodes , and th at u uh I F i v ’

ind uctors us z’t ’ jdt,’,it ica l . N t - u i : .  n r e u u i e n t s  oh previous lv  f a h r  I c a t  ‘d

i n d u c t o r s  i n d i c a t e  t h a t  a Q i n  t h u s ’  r a n g e  of  5 to 10 is achl j a v :lI’hs’ at

I Gl ( z  w i t h  on ly  m i n o r  p r o - s- a s  i s p  s’ I u u l f l l l i s . ‘ l ’h ie r s ’ I  cr 5 ’ , t o t ’ c o u l v -n i t ’ s u ~ -~’ ,

t h i s ’ c a l c u l a t  i s l u l s  be low ,us su n l e  I i i dus ’ t o i ’ s v i  t h u  0 = 2 ” . ‘i ’hie  s’ b b ‘ i t  o h

v a ry i n g  t h e  i n d u c ta n c e  I’ rom S to 2 5  n h h  i n  i i i  i -p s  i f  S n i h  is’~~~,t ’ t ’l’ , i n

[-‘[ p u r e  3 , wh i c h  shu t s - s t h e  ‘‘on ’’ s ta t e  i n s e r t  i o n  lu s a  ~ nd t h e  1 1 — o h  r a t  ic

a I u n d t  i on  of F r e qus ’ncv  I ron 0. 1 t o  10 CF.~ . ‘11w c u t i  ( ‘lu St i o u  was

h e r ?  o r n i e d  o ver  tWo d e c - i s l e s  u t l  b i t ’: j l l t . ’ h l a V  f o r  tlh u u i ’f los t i C i l l j 5 i ( : i ( :i . h i l t ’

d u i t i o h ’ F i p u i t ’ ’ I i s  r s id iu c e ’ d i i i  “ i  i ’ l i I ( ’  :4 t I )  s u I l t ’ S ’  ( I I I  t ’ ’ t  l v  t h u e  i - I t  t a t  i t

the  , i w . k c  i u u , 1 l 5 - t u f l c s -  or r e s i s t , ’sn , - v ,‘n t h i t ’  i i i ’ s - I t  l o l l  h t i s ; s  - i t  I

t h u  t i n ’  h i  f t  s- r e i n ’i ’ i n  i n s e r t i o n  l~ t s~: u ~ t i . l d l i ,  u u i h I ..‘ l : h i u ~~. ‘ I h u , ’
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f i gu re shows t h a t  if th~ in s e r t i o n  l o s s  is to It e 1 t - s s  t h a n  SI )  d l ;  and

va ry  less than 3 dB u i c r s t u -u s  t h e  band , t h e n  t i l t -  i n d u c t an c i -  r u i i s  t u

grea ter  than 13 nIl . I n F ’igur s’ 5 i, s  se t -u i  t he  in d u c  l a li e c  ansi m e s h  st  a f l t ’e

of a typ ical squar e p lanar i n d u c t o r  as a fun d l o u t  o f  t h e  s i de  i , f  t I l t ’

sq uare in mils . Th ie most compac t  geometry w b u i c h  i s  ~s usIgs ’d  p r u a t  i i u i h

c ons i s t s  of an i n d u c t o r  w i t h  t u r n s  5 ‘,~m ~~lds ’  and s b l u l C s ’ d 10 ;~ni cs ’n t i -r—

t o — c e n t e r .  Th is geometr y  has beem assumed in t h e  u - u u i  a u h  a t  i o n .  - l i i i ,

gra ph sh ows th a t  a 20 all in uuctor  w i l l  occupy an uirs-:i oh 144 S q U u i r a  I tu l i s .

2 . 1. 2  S w i t c h i n g  Time E f f e c t

‘f lu e  b ias  current  rise t ime hue t o  t h e  p r e s s ’ I I I ’ e of  [ s t  h i t t i s u ,  t u r : .  is

s ’ i S L i I t u , i t ed from

T = L / R

w l u e  re L and R ul re t hus ’  in ductan es-  autsi u s ’S is t ance o h t he RF a s l u t - . [I

L = 20 nIl and R = 20 ,u , th en the rise time u h f  t h u s  i n d u c t o r  is I nsi’a~

wel l  w i t h i n  t h i s ’  1 isec  m a x i m u m .

2.1.3 DC Capabili ty

“lss uisure n~,ints Insh icats - that t hu in a l u m i n u m  stri ps’s w i l l  s h u r v  i Vi ’

cu r r en t  d e n s i t i s ’ s  in  excess  of  2X10
10 

,-\ I ’ lil ’ . A c s u r r s ’n t  i t t  5 mA f l t ’s’ h op

in an i n d u c t o r  s t r i pe 1 cm t h i c k  u s i s I 5 DIII is’ i & i s ’  u m p i i i ’s ii a l i r r e u l t

d e s in i t v  oh  10~ A / ; :i ~ so t h i u t t  t he s w i t c h  S l i u s h i l d  s u r v I v e  s’u r r i ’ I l t  pul~~t~ u

In s’ x i s ’ s s  u I  10 mA .

2 . 1 , 4 i n d u c t o r  C r o s s — t a  II - .

‘ t h e  o n l y p n t e u s t i ~s I  p r , t b l t ’r . i t  t h i s  t it : : ’ i s  i n d u i t ’ t t ’ r — t t t — h n d u u l ’ t i t I

I a l k  V i i t  ( t i l t  ‘ i i i  l l l t l u d t u i l H I ’  S I S I  e u i h ) , l a h i  l u n d .  A i ’u , i sk  was  I s I n —

, u t ~~d w h u i t ’ h i  - o u s t u s j u u s  s - - s  r, s l  i t i d i u t ’ ’ u  t e s t  ‘ i t  t~~’ i i i ’  ‘ n r  i i l l s ’ ’ , 1  s,,’ i t h

- ‘u ’  h t ’ , u l  s’s i t  a u —  t o — ’ -iw u I eli sp it i u S ’ . ‘ l i n u s , I 1 s t ’  1 511 , ’ h - I  - v i  or  o f  t i ’

l 0

-~~~ --
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s q u a r e  p la n a r  i n d u c t o r  was e v u u l u a t e s l  i~~d s ’p ’n ) I t  I v  ( i i  us s app l i l  I t ’ ~uil~—

• i u s -u r S ’e u it  l v  , aut an u i  [vs  i s  w u s ’ u  und i ’  r t  ii ’  i ’ l l  t o  ‘ :~ t i H I tS t 5’ t u e

h a l t  ii,iI iu i ( hU S’ t ( l I e s ’  51151 , h u s ’ u h u s’ , c r i ’ - , s u — t u s  1k . ‘l ’h i s nu t  m~~s l  i u t d u c t ; s n i ’ , ’

b e t w een  t w o  s i s s u u l a r  ‘a~~h h 5 r t  p l an a r  i n d u c t o r s  w a -u  u i p p r o X i a u u l  i ’d by  t u s l u i g

[h ue t ’ m p i !  j i - , i i  u r s i : l u l a * f u r  two u ’ ’ 1 t l a u i u i i ’ c i r c u l a r  s’ m u r u ’ s ’!it f il titt us’nts ,

s’j s’hu of w h u i ’, ’hi  have a ru ish [us h~ , and ,tre ss-p~ rat t I  by u u si I st  i l l  as’

= lU~~ R ~~ ( 2 R  ~

uh ue r s ’ M is t h e  nu t  ual  i n d u c t u i u i ’ s- i n  , h i , R ,u n d  - , u  m e  i n  cm and t i m e

u n c t io n  I) (~
) is t a b u l a t e d  by dn o v s ’r .  l i t  t h i s ’ c a st ’  o f  uss ’ i t , ’ l t — t o —

se - i t c h  c r o s s — t a l k , = 0. 2 aui ,h o(~~ ) = I . a 2 .  T h m e m i  ~I 0 . 1 p 11 . I a i n c e

t h i s  : 5 1 1  i n d u c t u i i i c t ’ o f  ~ uu ’ h m  i ’ o i ] . s i s  L = 20 u t h i  Si 1 t h a t  ~
- = 1.5 X I O ~~

I I L i i - j t S  u I - t~ t I l u l l  u i - I  ~j  ~
‘
~~

‘ I t i ’ , i I O t l e led  ;~~u ~ t ‘,,- , ‘ — - ;  ‘ a  u’t , t l i en  I i s  - h c ~ ,’ S u i t - t ’

s : , u t  r ix  j a 

= j 

( 

“n)

w h e n ’  . i s  t his ’ r u s j i u u u t  I reqtuetu c\’ and = ~‘— I . ‘ ! h :, ’ n s - t r a , f l i t ’ i n s e r t  i o n

los s  t r omi u , u -, i ’ n s ’ I ’ , i t ’ r ’ R t o  ui l oSt1  i s

. 1 .  = 10 l o s ’,

w hit ’ r t,’

j ( J 2  
= ( ) ~~ 2 (L~~ ‘~~Y 

- l

auis l  ‘i i  N - 1, t h u ~’u u

i~~ ( k - ) ’
* I ’ . . i r s  iv. ’ r , I sl u t I t i l t ,  - ( i  h a s  i h u i  l u l l , 

, I ’  . i l l  5- -~ 
- i n ,  I 

~
- , ,

.t r t ~ , I
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[u n t h i s ’  C O St ’ o h  s C ’j t u ,’ h i — t o — s S ’ i t s ’ I l  t ’ i’ ,i ’ u ~~~t u j I k

t . L .  = — I O U  dB .

S i n es  th us ’ i n p u t  and o u t p u t  i n d u c t o r s , ami d L
5 

(si’s’ F i  a i r ’ ’  I )  , Sr i

p rou n ds_ ’d , ~ t i.’ i s as sU IIu s ’d  t i u t i t  t i t ’ I  r ih i l i t  115 1 t - , i b ( u s c i  t a n t ’s ’ i s  i n s i s t s i I I can t

‘ h u e’ t s- st inductors v i s ided s m i  lu u r exps’ r iins ’ui t al  r e s iu  1 Is in  t h u s  t no

5 i ~ula Is w er e  I~ r i  “ C I I  t down t ~ t t i m e  _ o) 0 d B 1 s’ve’ I , t h u s ’ I i I ~s i t  o f  t h i s ’ i t t  a’, - r u

anal~’ z e n .

2.2 Cir cuit An ,i lv ’u is of thus ’ Switch

i . 2 . l Rh - ’ C i r c u i t  , \ u u a l - .’ s is

Fhme af I a - ‘ t . iVs ’  t ’~~ rc tu i t i n  F i gurs’ 2 wuu o 11: -s d  to s ’v,u luutt i ’  t i e  p e r —

L O U I : , , i f l s ’ s’ o f  t b u s ’  s t — U  j u d e  :,~~j t c h m  v e r s u s  t h u ’  si i o d e  p u i r a u n e t e l ’ - R 1 Slid t d

uu ri tu s h, ‘s ‘. t hu € ’ “ , ‘ u u ’ ~~t ,i  E s ’  i m i s e r  t i o n  lo s s  and  t i ’ s ’  o n — f l b  I rus t i o  or

= 10 , hI  , ~U ut ut si  81) ~, . t t L s : i ’ O i l  t h a t  ,u ‘5 d l )  o I l — u  I t  r a t  io  i
- i - - U h I ,  -

t h a t  R
0 

1130 ,.. s u e  i o n — i i s u j ’ l u m n t e d  P i N  d i h s , h t ’s I u u h ’ r i ’ c u i t e , l  p I ’ i ’ ’ ,’ i , ,i u - u l v

exh i b i t e d  R
d 

i i i  r u u s h i t s ’ 10 — 2 0  C so t l i u t t  t I u ~ u n — o f f  r a t i o  s h u i t i u l , l  t N t ’ , ’ ’ - ?

i l ’  d O .  F i s t i u r s - 7 s h o u t ;  t h e  ‘‘ s~ li ’’ S t l l t s ~ i l i a s - r t  i O u )  l o t u s  ansi o i l— o h I l u s t t O

l o t  C
1 

= 0 .05 , 0 , 1 0 , 0 . 1 5  and 0. 2 ( 1  p h ” . Apa  in , t lie h ” dl ) o n — o h  I i ’ - - : l u i  r e —

nue ui  t i~u : u p l i e s  I h u t  t C 1 ~- 3.2 p h” . St ’ , i -  u ni ’ t t l s ’ I I t  s i iid I aS t a thi s t t s r  t h i s ’

d i s_isi s ’s to be uses! e’ i t l u i  ii t h  15 15 1 t (‘h 0 . 1)5 P I” C~ 11 . 08 P

2 . 2 . 2 DC I’ e r t  u’r ’ I l ; s l lc i -

‘[‘his’ DC s’ i ‘ala i t i s  Os ’ s - I )  ~fl F I S l u r s ’ S . A s s i u n u i U~ t i l t ’ t h t l t ’ I — V

h u u i  is u ’ t s r  i~~t i c wh j i ’ h u  was as’ .s s I l l ’, ’ sI (iii p 1  5 ’ ’ ,~ 1. , l I l t ;  l v  I - I I  - I ’ I 51  ed i 011— I i t ~~ 1, 1 1 1 1 1 ’ ~1

u t  - ;  tim e rs’su It i o~ i,J C p05’s ’ r d i  us I p u t t  1 oil vs -r s t I s  t I l t I ’ l l  I f ‘ 1’ t i n  RI ”

- - h i o k . ’  r es I - - I  i l l S ’ s’ R , 2’u , O , i’S , 101) i i i s  ‘ t o  I i  [‘1 s t i l l s ’  . it

t i e  h u - a -  I u i y  en F u , at a, i l l  I s ’ k , ’~ t i t  ‘ i  i t t ’ 1 ssw 2 i (  : - - ‘- t i t ’ U i ~~s i p u t

: ‘ws - t w i l l  h i ’ lu€ ’ lo w saP , l i i  ~~t ’ 5 t ’ l  , l ov e s  I I ’  i - l i t  i~~, a I v  i f l ’ - t ’ O S l  I h ’ , ’
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h T ’ s~ h 1 i 1 t O i i ’ \ ’  , ( l i z
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to  ~l s t ’ cot  r e s i s t a : t” l  i t t  t l u s ’ 5 u s l u - .’ e s:on s i I 1~’ r , - d  ( I I  t o  100) ) .

t h e  d io d e  s- i d t l  L i s  t h e  o n ly  p b l \ ’ s i e u i l . d il : t e l l a i o n  w h u i e h  c a ll  h~ id l us t s’s]

ea~~11v t Ot  v a r i , u t a , ) n  o f  d i s s i~ ’ t u t  1 - i  powe r (‘or ss- ’,’t ’r :u i v a i s i s ’ s 1) 1 C i s

so c i t  in F l e u t s ’ 10. ~n t l l i s  cu .i~ e l i t s -  RF d u k e  r e s i s t  t u n c e  is l i t - I d  c o n —

st a Rt  a t  50 and P = 5 , 10, 15 , 2 1) a i l s . s u e t -  O~~ i i 1 i l  t h u  I C ’ s 0 c t u r ’:-’s

art’ t l t s t ’ f l S lt l V s’ tO t F ~ l I l , . ’J s ’ w i d t h . In F i g u re  11 is st- -n t h e  d v i i , i t a I s :

t e s~~S L d u l C O  R
d 

oh t I u ~ d t o s ! - s  w i u i c h  r 5 --u u l  t - - s’ o t ’r c t - u p i u l d i i l s t  t o  t h u ~- aI ’ ’v s ’

d i s s i p a t i o n c u s i - - s l a t i o n s .

2 .3  F~~v c s u t  of - -i - i l t t : l t  C c l i

In  order to sftttp li fv  t h e  1 e, ’o s i t  , a l l  s i x  diode ’s  ‘, -,‘s ’ r t -  C t t ~~s s - ’ . I ; ’  he’

10 m i l s  w i d e .  l i s t  t a rg e t ‘- ‘ u I l  u s _ s  I o r  t h u s  -~~ -a r 1 0515 c i t ”  i t t  t ’ l e a a ’ u s t s  s i ’ s’

su t:imu u r u ,, ‘. :~~ below :

R
d 

0 1 ,

C
d -~ 0.1 p F

L

R 50 1s
C —

A p ’i u ’o t u gr ap h oh the  c i r s - I u : t  ~or ii 5 1 10 1 5 ’ s~ ’i t cIi i s  5 5 t h  i l l

F i g u r e 12 . l im e  DC b I~n c k i u u c  I ’ s l ’ , u o i t s l r s - i  pre tis I l l  in  t b ~~’ p r s ’ v i t ’ i l s  o w l  l a b s  -:

ds ’~~I 1 ’ t t  art’ not r c 5 I u l  red lucre . l ’ h i s  I t - a s o i l  is  that i l mu .’ 1)1 vu- i i , i ~~ t - a :-:-

p u ’u t t s ’ sI ,acr i ’ : . s i t i d l u c t o r  and , h I s - l i l t ’ , u u ’ r , t s s  t i e i n p i l t  I ‘ - r I - i l l u u l  5 15

only  a t o w  t t - n t l u s  of  u s  v o l t .  ,‘ -u f l i t  - U  u i l l o V t - , u - t n - l i  t -W b t c l i  i n  I i i ,  a t  r u s v

h i s s  t w a  s t ’~’ u u r u s t t ’  DC bi as T s - ’ t l ’ h i h s p  p a ds  1511 t . u’ s, • p s r a t s ’ g l I - h I l I l l ”  , h I s s ’

s t ’ p u s r u s t . i t ’ n  is u n c u t  e ’ - u s a r v  t o  s y b i l  t b  “ : Lust iim ~t c u ’ , ’ i u h l , ( ” s i t  s i l t  S i l l)

c, , s i a, ,l i ’ - , I , a  l i n l , l [,I h i u t  l h ’ ’ l t — 7 ’ ’ r O  l l l : I h l a t l i l l ’ e s f  t h i s ’  p1  - t u t i s h  b o n d  ui i a - -.

( n s ’ t t ’ sh i n  , ; c i u ’ m m  i i  I c  P s - j o n  ~~~ 1 , A l ” C l , — I h l — 7 ’ l — O t l h ’ s )

I ‘0



- - “
_

~“ ‘“ V ’ “‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I~ ø 
_ _ _  ~~E E E E E  

_ _ _

_

EE

~~~~~~~~

EEF t EI

~~~~~~~~~~~~~~~~~

:L

~~~~~~~~~~~~~~~

~~~ 
_ _ _

_ _  - -  _ _  i

_ _  

— - - p - -  
~~~~~~~~~~~~~‘1~~~~_ _ _  - -  _ _ _

U] V

I _

~~

iiI ~~~~~ ~
CIJRRENT( MFI

F i p t u i ~~ h o . D i s - i p u t  ad I’ s l C ’ ( ’ I  V er s us  t b , i 1 l ’ s m u ’ i~~- n i  . II  — h)
U I ’  :- ‘ , u l , - , ’ t ( - r 5 D i - I t ’  h b - I t l u  I a - l t so: l - b I t

- I - l i t - I  ( I I  - i s  ( S i  r i o  ‘ h i m

L .~~~~ , ~~~~~~~~~ - ‘  -‘



“
~ ‘ ‘ V ’~~~~~~~~~~~ V

_ _ _  

— — -- ~~~~~~ ‘ 
_ _ __ _ _  - 

_ Li :

____  — - -  ____ — ,‘— —

Id

I I~
CURRENT( MA )

I” I ,~s u  r u I I . I)yuianu i a Ru’s b st u s u i i , - ‘u t ’  r s s u : s  l i h , m  - 1 5 5  r n t - I l l

I ixi U” ‘~ A 5 1 1 - b  P = 2 .25 )

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



— - ‘ - - _ . - ‘ ---‘-‘- . -— - -- -- -— --. - - - - ‘--—~~~~---- - ---V----’-’ ---- - --‘-- - --‘ - “~~ 1

I 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
:j ~~~~ 

FET 
_ __

~~— ,‘ _t

~
wrt

~~~~~~

l 
~~~~~~~~~~~~~~~~~~~~~ (fl iT

~~
, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ -~lt~~~_~~,, —‘_____________

-~ 
V

,~~~

- - 

‘1 “ 

, 

,

,,
, ‘

~‘:“~~
‘ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

-

_ _  

:~~~~~~~~~~~~~~~~~~~~~ 
V

(
1

\ 

L
i 

1)
2 ~~~~

‘: 
L I )  /

~~ ‘~~ c 
/

u~~ .
V

V
~~~~ -

t

~

t ,‘ .“4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~~~~~~~~~~5

;
I ~~~~, 

~~~~~~~~~~~~

‘ I  
~~~~~ 

- ‘ 

/
i _ u  

- 

- 

0 
~ , 

-

‘1

- - - —--- ‘— - -“ -~~~~V-— ~~~~- ’- - ---~~~-- - ’ - V ~~ V V - ’ - - ‘-“ ~~~~~--~~~—‘~~~ -- ‘  -



iu ’u i~~i est1 y, tin’ swi tclm arru sv was ar r an 1’ed  as a 17X 1 w i t h  55 n i l

- -u - u t s ’h s~m a c  i ng  . At  t h i s ’ Cove rnn m eu n t  ‘ S r eq u e s t  , t h i s ’  l ay o u t  W u i s  uiu od i l i ed

t o  p r o v id e  f o r  t w o  s e par u i t e  a r r u u y s :  A 9X1 array with 122 ml 1 sw i t c h

spac tri g and uu 7Xl  a r r a y  w i t h  f i v e  s p a c i n g s  of 100 m i l s  and one s p a c i ng

ci’ 150 m i l s , as sceun in F i g u r e  13. The c h a n g e  doub led  t i m e  l e n g t h  of

t h e  s w i t ch  u i r r a v  arid r educed  the  number  of pos s ib l e  s w i t c h  a r r u u v s  per

2 ” SOS wafe rs from 20 to 10.

2 . 5 D e v i c e  F’ab r i s - a t i o n

A mod i f  i t ’d doped oxide  p rocess  was used t o  f u i b r i c u s t e  t he  swi t c1

arr ays . ‘ h i s ’ mod i i ic,ttions were n e c e s s a r y  t o  a c c o m m o d a t e  the d o u b l e — ’

m e t a l  i i  z a t  ion r e q u i r e d to  achi eve  low r s - s i s tan ce  i n d u c t o r  c o r s s— u n d er s .

iSte ~~i OCe 5 s  s t u ’ pS a r t ’ se en in Table 2 u in d  are iliustr tut cd in Fi gure 14.

One ~. ot  of  n i n e  w i l t ’  us - ; w , i s  p r o c e s s t- d to  c o m p l e t i o n .  ‘tIm e wusfers

ori g inall y ct t ns is tt ,-sl o f  a 0 .7  pm (100) Si f i l , nm in a 13 mu , ( 1 1 0 2 ) ,

s, i i s p h i r i . The r e s i s t  i v i t  v w i t - i  g re at e r  t h a n  300 ,. —s - n t .  ‘th e imp I u u m 3 t u i t  101)

schedule f o r  s t u d s u- u u f e  r i s  seen in T a b h s ’ 3. i t u i t  a from a test resistor

i l l d i l ’ , i t s ’ d  t h a t  t I m e  h — r e g i o n  re’sist ivitv is ab o u t  30 C—cm w h i c h  i s  u u s l t ’ s l u u i t e

fr om g o d  shiocl e ‘art ‘ i ’ I ’ i , i ! l ,  e .  A f t  t i ’  100 i nm p l t i u u t u i t  i o n , t h e  w u i f t ’ i ’ s us i t -

c c ss s’ ’ I  n o r m a l l y  u s - u  t s r  L u l i l s ’  2 .  N i  I s r o b l e m s  v s - n t ’ s-m oun t , ‘i ’t ’d i 1 I i ~~~n~~

p r o s ’ s - - s i n g .

2 . 5  D e vh ’ t- Re s u l t s .

Fmull y I s i s - I  i s i r i u s i  s w i t c h  u u r r , s v s  uss r , ’  i d e n t  i t  I 1-d by  l u F f U I  I i  ru g (1)

V i  ‘t , i , i  1 iil ’ 9 1s ’ ’ - Ii 011 , s i r  p h lv s  u - i l  s h t ’ f t ’ c t  s I h I  I t t a t u 1  I i  ‘ s t  1 st i l  “ - g .  , ‘- -5 ’  ~ N d o r

DISt Il i s u , l s i ’  t u ’ i’ ’ , t ’t c  • , and ( 2 )  1 t ’~~~t I ns~ t luu ’ h i s s  ‘ ‘ 1  I tsr t -on el u- I ion . \ i

RF  I s ’s ‘ - s  k , s ~~t . - w a s  , ‘ n s u t  r n i t ’d u l u l c h i  li r a’ i ,ls’ sl I a  h i , s s l n p  I i t s ’ s , RI - ’

i n p u t . I i t i t ’ s  ~~~~~~ U - P ‘ V I , ’ ’ ‘ t a x i . s l  a l ’ l l l l s - , l t j i ‘ - , ,sntl I Ri” - i l t  1 1111 ii : , ,

~~-~ - s  i n  l’ i u - s u r ’  ] r ~ ha - ‘ a ~ - i i ’ , a s i t u , ,  , t i i I  , I I I I ”  i l l  t h a t  n - ni - . ‘ t

_ _  
— — ~~~~~~~~~~ -- 

~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - V ’- --- - - - - ’
~~~~~~~~
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TABLE 2

I)OPE I) O X I I ) E  PROCESS

Step

1. P h o t o re s is t  s i l icon i s l u u m s s l  and e t c h u  s i l i c o n  i s l a n d s ,
removing a l l  unwanted  s i l i c o n  f rem sapp hii  r u  5110 st rats’ .

2. Oxidize silicon , photoresist I—r egions and s ’ t c l u  oxide ,
leaving an oxide bar wh ich d e f i n e s  I — r s ’g i on .

3• Deposit N
+
_doped glass.

4. Photoresist P
+ 

pattern and etch glass.

+5. Deposit P —doped glass.

6. Drive  in dopants .

7. ‘Pho to res i s t  c o n t a c t s  and e t c h  g lass .

8. M et a l i z e .

20 ,



TABLE 3

1I~~LANTATION SCHEDULE

Incident  Ion Dens i ty  xl0 10 cm~~ 
N o .

25 k ey  20 0 key 400 key 10 1k cm 3 

1. 2 . 3  1.08 0 .9  1. 6 4

4,5,6 1.52 1.26 2 . 2 4  6

~~~~~~~ 
2.1 1.8 3. 1 8
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sh ie ld  used to reduce  d i r e c t  f e  e- c l ’ — t i u i ’ u ’s ug l u . A b lock dia pi ’ ,it- ,t 111 t n t ’  RF

tes t  s e t — u p  is seen in Figure 16 , In order to irucre i ss’ t i l t -  d y t s a t n i c  r s n g e ’

of t he  svst e t ’ t , u u 20  dB pad t a s  i n s t a l l e d  in the  r e f e r e n ce  l i n e  of t l t e  S

, ‘u i r , l t t t t ’ t e r r e s t  set • l i m e  n e t w o r k  a n a ly z e r  v-i s cal i Or a t e d  us ing  pi’ a~ L 5 L i ’ t ’ u

at  t e n s i a t- ’r -i l ie f a r s ’ each  t e s t .  At 1 GhI z t I ’ s  no I se f l o o r  Si  t Os- syst 0tH

( t i - s t  t i n t - b  op e n ) ,  was a t  — 7 5  dB to —80 d B .  ‘ b u n s , in o rde r  to t t t e i s u r s ’ 1 , u

— S O chB o r l e s s  si p n a l  f i r  t i m e s w i t c h  o f f  s t a t e , i t  was n e c e s s , i r v  to

ins  lusle  an amp l i f i e r  in the  t e s t  a r m  fo l  l o w i n g  t i l e  s w i tc h  - I l h ip u t  as SeOfi

in F i gu r e  16.

-‘s DC t e s ted  s w i t c h  a r r ay  I r o t -, u- t i le r  5 i,’u -ls i r i s t a l l e - i  in t h e  RF t s-at

p a c k a g e .  A l l  c o n n e c t i o n s  s’e r e  ria ie u , i in’c t i t a r ’ t : u 1 — -:’ - -” , :s r~’ss ion bonds  a s s—

-: i a r in g  o f  2 t n i l s  d i a m et e r  go ’. d w i r e .  he 05 5111 t s  for a i ’ ’ , i c , i l  s w i t c h

a r e  seen in Fj c s i r t ’ 17 in t O t -  f r s ’ c l u e t t n ’ \- r . sn ~~e ‘LO to 1 2 2 0  ‘-Dl z . a b l e  4

S s i t ’ O T , u l ’ L ‘/ t - S t he  R F t ’ s’ s t s o t s s’e of t im e St ’\ ’e t) a u ’ it c i i e s  i n  t he’ 7 x 1 u r l ’,sv . is

m i n i m u m  ‘ a — o f f  r a t i o  u-a s 55 dli s n - b  os ml ix  b o : i u ”: t .’;ss 00 10

The 5 i l i t  -, ‘ : u b t b g  t Ur is- t n ea su r t -m, s -nt  v,is a - t ’ ~ y-” s’ ,l u s i n ’~ t - , , -  s t-t  — ‘ ui  Ss ’s ’t l

i n  5’h~~s i t ’ ’ I - S . In o r d e r  to  t r . m n s : ’ t i t  i n L ~~ t - u- it i i i -  - sn i f - s i - t i t t t e s  o f

‘I , m lou’ sa ss  s v s t’c ’tts w i t  ii  a m i s  i t t - l i t - b  buu nd u’ i (ti -r

- 5 , 3

r

i s  req u i r e  I . I f  ~ , lOth  puUse I i sh e l i t ”  i s  r e q l l i i ’s’Ih t ’,,, ” t ,  s b , s ~~it , ’ u 1 t h  -u  t u t

S t It-l u ’ .5 I i’s aei ’ u ’ i - i s t i I ’V . F i n c t ’ t h e  am- i I s ’ : ’ , S w i t  i i i  i x 1 ‘ r t ’ , ’ i re

e t-: p u ’ .’ t ’ ’ - l  t i  ‘ s wi t c h  i n  3 t i  10 na”c t - i t - ’ - , i s  ( 5  t o  70 I - h i . ’, .  t u t t t - I , i r ’

‘5 - u i :’,s’ls’ ‘ss5- i t c h  v i a  in s t i l L ’ 1! i n  1 , - t a t ,  i i  t t - ’t  ‘n ick  sg a  i t t - b  1~

F i m l t i t ’s’ k’) . ‘i ’he pac c t -  p i ’ s ’ ’ i h ~~’s 31) m i c r o s t  r i p l i nes  ( g o l d  1.111 , i i t i r t h i u , s )

‘ - ‘ t O t ’  Oh’ b l O a t  it) I ‘ l a s  p o r t ’ - 0 t  t h e  ‘; ‘ -‘ I t , ’ 1 s . !ue F R  i n p u t  if L I t ’  tIis ’ i t , ’ i i

I s con n e c t e d  d i t ’ ~ - s t t l ~ ’ t o  t l ’ t  cu ’n h ’ ’ I — p i f l  i f  t l i t ’  ‘ o t i x i , u l  r i n t ’ - I ‘r .

‘ I t o - - a i x  g -ncm ’ a t ’~ r p i  ‘v ides  ii b 1 ~ -‘t ’ - i f  s n p l i t  ‘ i - I t - , —2 t in 4 ~t ‘7 SI )  5, ~~~~ t h i ’

s w i t c h  Is  t s u r ~t t ’ , l ‘N u n - I  l O f  • he  ‘ s u l s u ’  ‘ u ’ s t - ’ h t O  O h u — l  I , ’ - w i  t - - ’ i i s  — t o - t i

En  U ’ i - .~t u r s ’ 2 1) t , r  s 70 i~ I - u - I , w h i t - h i  s p p r i t x l m a t t ’s t I  E n n u i  t ’t - ~;’ u ’  ‘ t i l l - , ’ u i f
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TABLE 4

SUM ,’IAR Y OF RF TEST

su~’ u L~’1~ - - - 

1 I~ is .5 60

2 19 01

3 19 58

4 lb  5 7 5
5 18
6 18 58
7 18.5 60

u )

a -— . ,
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t he s~~i L c h  h i a s i z u g  ‘ - I l .  b i l e  ‘-~w i t a h i n g  p u l s e ’ s i mo ’, ’s a r i s e  l i t ’ , , -  ot

1. 6 nssc . l O t -  r espo nse  01  the s w i t c h :  t o  ii  1 (liz signal i S st ’ & ’ f l  h O

F ’l g a t ’ e 2 ’ . ‘t h u s ’ su ’ i t s t l l  r i s e  t I t t l e  (10 t o  90 p e l ’ c s n t )  l’s s’ u ’t t -~’ t u ~ ~: i s -  t o

t a , i t  01
’ t O t ’ i n p u t  p u l — t -  i n sh i c a t  115)! t i i , s t  t i m e  p u l s e  i ’ s ’ l t a r a t ‘0  l i i :  ~~s- t h i s

I I i !  i t  i lig  i ’ O t t t 1 Oi ’it’ f lt  in t i s s  ‘ l’,e a ’ :  Ii  r e ’ i : t s ’ I u  t sys  t ‘1 1, .

2 . 6  I-~ecen : ’ , t ’ l , u t  1 ,1 1 5 or D o y l e -c l o s t  s i  h , u t  ion and I l s u - r a t  ion

i t  IS I s ’ - s ’ t , i : , , ’ ’ , i , l~~d t h a t t h u t ’  f o l l e s c i n u ’ ,  11us - , r, a i  1 s t 1 , 5 1 1 p r ’ ’  s- - b r ’ s -s i l’s

s is i d in o r s i s ’ i to t t ii i’’ rs ’u i l i /t ’ t i e  p o t  C I I I  t~ ,1 pt r I , ‘ I- : , u ’, l c ,  s- h i  - i a t e  r I st  t C s

Of m e t e ’, I c e s  dej i ’, ’s’reel d u r i i u s , t  t i l l s  ‘ i t  , -  s f  t i l t  c t ,  t r , s ( ’ t 500 i t n t - - u ’

d5- ’ , i c es  d e l i  co r e d  s iu r i n u ’ ,  a ~s r a y  ‘ s i n  i t s O t ’  i t t  t h ~- coOt  r u s a t

2 . ’’ . I  l I u , , t , i l  1 u t i o n  of  t i t s ’ L I s T ’

I t I s we r ’ .’ i t :  - ‘ s i t a n t  t h a t  U I  s p u u t ’i ’ , , i u ’ , s ’  i s -  r ts ’ I I I i c (p  r u I s -i ’ . 0 1~ - ~t si  I

1i i , 5 t ~ ’ 1 i )  a~ d I h u s t  t i u s ’  b a ck  s i d e  s s ’ ~~ ’a ’  h I s ’  c i  r e s u l t )  ‘ f  t h ~ - ‘ s u s l i i , j r s  5505  -

s t r u t s - ~.o- 10 I n t i t n at e  c e l i L d s ’L s- i t l u  t h e  1i , i c k , u g e ’ . I n  t s ,  i s  tu l t in f l e r , so-’ t i t ’

t tt s -- .t  r i ’ ,’ f I s ’ I ds due t o  t Os - 0 I ) !i i  d i e ’  1 s e t  r i o  con s-i ll h I l t  i s h  t b i t  - s 0 h  l i t  5 :  t I -  —

s t r a l e , i r e  I e rs’ i i n a t e ’d on t i t s ’ p u u s ’i - u : t ! u t i ’ :  r t ’ , i s u ’ ; i t l s t  d i r t - i l  “ ‘ , I — t  i u r , s i - c ’ s .

, , l i a : u  e , t u u t , i c t  is t is h lt”,’s ’ cI Ow t m t t : u a h i n s :  l i s t ’  c h h i p  ui  t i s e  s u s , ’ k , i c ’ t ’  ‘ h  h i

u h S , t I u  I l v i ’ t ’j ’ o xv . I t - c ’  F i c - t i r e ’  2 lu i) .

2 . • 2 1-.’ 1 rs’ i i s ’u t s l  I i i  it

l i t ’  I W O Ch ip  gr u l i n s i s  ‘ t O  s w i  I t ’ll , ( ;
~ 

, m m u , l  (~~~~ I E I t ’t i i ’ t 1 2 ) , 1 , - ‘0

b o n d e d  u - i  t h u  1 ar gs - d i  i t - a t  s’r u - i  n t  , pre- h t ’  ~~ i v  u s ’  I , !  o h  ‘ - 1 , I t ’S-I - - - s i  - - i

I ‘ ‘ i i i ’ ( I I  ~s -  - : -  - I hi i s - )  , il l o r ’I e r  t o  m i  11 l I’l l / s ’  I I ‘ I s t i r -  I i l l s - , - : s m c t  Ia - I  s I l o  -

I f  r l i - b o h u  is i n - t ’ . ’ - i i i - i I ’ - I e , t h a ’ u ’  a t ’,n - r S l  i s ’t s t l  - ,~~i ’ l s i t ’ U t lt! S ’ I l ’  ‘O- - ’

i t i ,  s l i t  t ‘ ‘ ‘ ic - l i  r -  - ‘ I t s ’  p - i  . l u s t ’  t ‘ ‘ 5  I t t  - ‘ I i - ‘II I t ‘ t - s - 5 5  ‘ I —i - - i I 
~~ 

u’ - -

i n s 1  lb , ,;i io  u ‘I h e  ‘ - a I ’ - I t s  u 
~ l - - s r - u  ‘ t ‘ I  : ‘ i i i  t I i i  i I - - ‘ - - t a - -, - , ‘ ‘ . ‘ - - 1’

uS s s m i i s i s’ t l  W i t  - 5  bi i g b m - ( ‘ i :  ) t ’  - I , u i - , u a i l ’ ’r  a t - t - - - - f -  : 1 1 ,

‘s t , ’ 1 t l ,  1 . i i i , u l i I ’ ( ’ ’ ’ t i t  ‘s - , ‘ t n ’ -. u ’ : ’  ‘ I I  -
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2 . 6. 3  RF S h i el d

I t  is reconunen ded t h a t  a w e l l — g r o u n d e d  pus s t i t  ion l ’~ ’ p o s i t i o n e d

ove r the swi t ch  a r r ay  ti ’s close t c . t h e  c i r cu i t  s u r f u u c s s  aa poss~~b 1e t i n

seen in Fi g u r e ’ 21b . The sh ield is i s s - c e ’ n s a l’v  to provide n O t - i s ’  Eiu I’I i so-

la t ion  between t h e  input  bond w i re r  and t I R -  o u tp u t  and DC bias b ind

wires .

2 , 6 . 4  DC Bias

The recommended ‘bias conditions for each si-itch is +10 mA

(2 volts) at bonding pad B1 
and B~ f o r  i b N  s t a t e  and —10 mA (—2 vo l t s )

at B
1 

and 8
2 

tor OFF state, ‘h Oe absolu te maximum current a t . and

IL, is ± 50 ritA .

18 
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3.0 S I L I C O N — O N — SA P P H I R E  R E S I S T I V E  GATE 1-IOSFET O W !  C I !

3.1 In t roduc t ion

The s i I i con—on—sapp hire Resistive G a te  S w i t c h  (RcS ) I s  ai m a l  u 5 - r u - s t  i se

to t h e  s i l i et o n — o n— s a p p h lr e  P i N  d i o d e  s w i t ch e s  deve loped  on t h i s  h ’ r ’ g r s l t t .

Time r e s u l t s  of an inve s t i g a t i on to assess  t h u s  u s e f u l n e s s  of  t h u s ’  RGS i n

the 9 6 0 — 1 2 2 0  MHz f r e q u e n cy  range , an d to  c o m por t -  it with the PIN d i o d e

s w i t c h , are d e s c r i b e d  irs t h i s  see’tion .

An inhe ren t  advan tage  of the  RG S is  t h a t  i t  s i l l  o p e r a t e  w i t h  no DC

p l sw er  d r a i n  i f  i t  is h e l d  i n  s i tber  t h e  (IN or OFF condition . The da~ ’I

s t r u c t l i r s ’ i s  shown S , l h s ’ l t h S t i C i l h I V  i n  F i gi ur s ’ 2,1. It s ’ ,’n s Ist s of ,s s I l I c o n —

o n — s , spp h i  i’s’ I s  Lund  w i t h  a the r m a l l y grown s11 icon d i  , s x i c ie ’ f i l m  on t O t ’

V 
is laud . ,‘s re s i s t  1 s’s- f i l m  on t s > p  of the  si I I &~OO d i  ~ x b  do I u r n  h I S S  I IO u d o —

pus  j t s ’d  ~~‘ t t u l  e l e c t  r o d e ’ s “5” and “ D ” w h i c h  u u r s - t i u a  i l p u t  and u h u l t p u u t  RF

t t - r i u in a l s . The p r i n c I p l e  of s ’ s s - r a t i o n  i s  d s - s c rih e d  i n  t a r t - u s - ,  o f  t i i s ’  ‘ s I I t i I ’ I a

eup , u i v a l e m i t  c i r c u i t of Fi gu r t ’ 2 2 ( b )  . C u s p t i 1 ’i t a n c s ’S ,
~~~ 

, C ,,~~ , C 5~ ro l l n t - a s - l i t

t i m e  geo~~ t r i  c c u u p t u c i  tanc’e ht ’ tween the S and [) e l i s t  r o d s ’s , h it - i W u ’t ’ f l  t h i s ’  S

o Is ’ c t rode and t h e  Si is l and , and be tws ’t ,’ n the D s ’IC C t r s s eh ’ t u n d  is , - S i

i s l a n d  s t r u c t u r e , r e s p e c t i vel y .  R (. is t hit ’ r e s i s i  u i t b c t ’ of  t i u c ’  r e s i s t  l v i ’

f i l m  he tween  S and 0 t- i ec t  r t s s l e s  , a n d  R1,11 is t h i s ’  ~~‘s t i-u t ; sn c u ’  of  t hi s’ N S I  Ii (‘01)

s u r f a c e  c h a n n e l h e t w s ’t -n  S and 1). h h t ’ v i s - t ’  gs - t l m e t r h - s  t u n d  mts t ~ - r i , s l  , - h u , u r , i , ’ —

t e r i s t  i c ’s  ar t ’  c i s , -  des i good i s ’  , sc h j t ’ v s -  an - i u ’ t ’ op t  , s h s 1~ t ’ t i mp r , t m i s s ’  h i t - i w - - i m

51155 1 1 CSI) , ( m l  g i s  F , 
, s l i d  1 m 

~~~~
- ~~~ , s i m d c . I t I a t (men sp l i t s ru- nt t h t n s t  i t

can it t ’  s i t  i - h u e d  l i t - i  s’, t i  s’ - i - - l i i  g ) m sin ! v~’ i \‘ i s ’s ’  v i i  l i t ’S , t in  u I I i s ’ 5 1 1

) S N / O F F  s w i ts  I s  w i l l  n t - s u i t  -
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‘ I t o  s w i t c h  is t u r n e d  ON b y b ias ing  the  r es is t i v e  ga t e  ma t e r ia l

t u s i  t i ve w i t h  r e s p e c t  to t h e  s i l i c o n  i s l a n d .  T h i s  induces a c h u t u r ) ! s -

a c c u m u l a t i o n  i~~~vs ’r on t h e  s u r f a c e  of t h e  s i l i c o n  i s l a n d  w h i c h  r e d u c e s

‘Cii 
t o  a low value , allowing M~ cu r ren t to f low th roug h the s w i t c h .

Reve r s i ng  th c  bias  or r e ’duci iug  i t  to zero e l Imina te s  the a c c u m u l a t i o n

l ay er , R
~~1 r e ver t s  b u i c k  to a h igh res i s tance  and time swi t ch  is tu rned

OFF.  The m a j o r  advan tage  of t h i s  s w i t c h  ove r o t h e r  devices  is tha t  no

DC power is r e q u i r e d  to m a i n t a i n  t h e  s wit c h  in e i t h e r  ON or OFF posi-

t i on s  and onl y s u f f i c i e n t  ch arge is requ i red  d u r i n g  a s wl t c h i i n g  pe r iod

to a c c u m u l a t e  or dep l e t e  t ime  s u r f a c e  charge  on th e- s i l i c o n  i s l a n d .

‘I ’huu s , t i m e  d e v i c e  w ill ha ve ve r y low power loss in e i t h u s - r s I N  or

OFF state. Various series and parallel combints t ions can he u sed to

achieve very  lu ig h  O N / O F F  ra t ios  in a s i m i l a r  m a n n e r  t o  ( ‘ I N d i o d e  c on—

f i g u rat  u ~~i m 5 u  b u t  w i t h o u t  Liii- DC power r e q u i  r e m e n t s  . i -or  5 1 5 - h O app l i s  s t  l o u I s

the  i-sw i I cu i ng  t i I l l s ’  r e q m i  i. red f o r  ru in  s i t  ion I ru n t :  s ) N  I s  I ) h F s t a t s - s  ansi

w i t ~u ’ v er s a  may  be u ’i , e’,e ss iv s’ S II I CC time su .i r f a cs ’ c h i t s  r g  I ng  t i i : a ’ e ( t l h s  I t i n t

s i l l  o b v i o u s h v  be a ( u n c t i o n  of t h i s -  h i g l u  u’ s’s i s t i v lt v  0 5  l > s ’ t i s  t h i s ’

r i  - - - 1st i ye I ii i t ,  ansi t hu e sil i c o u — o n — st s p p l m i re i si  tn i d

D c sig s m  u l t h e  R h i O  dcv i c e s  e s s t ’ n tj :u l I v  r e t i u i s ’ t ss  I l l  a i u ’ t i ’ ,h s ’ — , t h  f h u t  5 5 , 1 1

i n s e rt  j ot )  l oss , i s i s 1  - i t i o n , t u t i d  s w i t u t h m i n g  s p t - o s l  c t t t s s h i , u r t ’ , I t o  t u e  P h  N d i  ‘s i t ’

t r a d e — o t t ’ o l  r n se r t r on  i s s ss , i s o l a t ions , an d h i s s  ps t \-: s ’t’  d h s s i j s , s I  i’m . O s t ’

s~) u ’ s i t  i t s  t u t  I h u t ’ l{C~- t ~a s i 5  — 0 1  I s i l ’s’ , t s u i  l i m i u ’ d  i rs  t us’  f , t  I h ’s , miss  - - a s - i l o t s .

- ‘4 1



i.  2 EGS Equivalent Circuit Model

A comprehensive  ci r c u i t  model used to anal yze  t h e  RGS s w i t c h  is

shown in Fi gure  2 3. Tim e r e l a t ion  of time device s t r u c t u r e  to the  c i n c u i t

compone n t s  is u Ss  in d i c a t e d  and the fo l lowing  convent ion is used :

R e s i s t i v e  Cats ’  Thickness

T 5 Si licon Dioxide  Thickness

T
0 

Si l icon Thickness

R R e s i s t i v i t y  of Ga te  M a t e r i a l  (ohm cm)

Resistivit y of Silicon—On—Sapp h ire (ohm cm)

L Separation Between Contacts on Resi stive M , i t e rj t i h n  —

Also Contact Width Since 1:1 W i d t h  /Space is Y s u - s i

W W i s l t l u  of R e s i s t i ve  t i t i t e r i a l  in D i r e c t i o n  !‘ s ’rps ’ lus I  i c u l a r
to  i ’l ane  of  F i g u r e  23

C J’c r s - i t t i v i t s -  of  S i lic o n  S i o x h d e .

R
1 Radiation R e s i s t a n c e  of T r a n s d u c e r  Source

C 1 Capa c  i t  sos s’ ‘ ‘ I  l ’ r t i n s l l , n s r  0, - s u r c e

E l e c t  ron Nssh  j i l t - .- in S i l l  e o n — s  l t i — O 5 p p bl i re

Ib i s ’  -~ u I n s ’ o f  R 7, as s s u m i n g  o h m l s ’ Cu m n I  , s ~ I s  I t S- u t - f l  l th t ’ t . t i l  t in , !  l’s ’’ - i . S ’t  I l l , ’

‘u i t c  m at s - r i al  a n t i  1. ‘ -‘ T 1 (hot !,  s - s l i d  , i a ’ O l i t ! l S t i l S l l ) ,  I S  ( t b ’ , ’ t ’ l l  by

FL
F

7 
-

R e s i s t  , i m i ’ ’ u ’ F
10 

is .s f u i n c t i o u m  s ’ S  t i m e  b i a s  u s , ’ rsi ss t h s , ’  r e s i s t  1’:, g u t , ’ !

si  h i s - on d i o x i de  comb m o ss  i on .  A u i u - - , ’ - s t h ’ ,’ s ’ h i ss ‘ 1 V a l l ’ s  t ’n  I l i t - s i  l ! u ’ t t l l

i i i s f s i - c s s  a s l i r f a a s ’  . t t t c s u : n s s I  1 1 , 5 1 1  b u s v t ’ r  ~‘ii h ’ im r e s u l t s  !n , s s i l t s ’  ‘ f  l~

g iven ls~’
- C

I 5
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A p u s s i t i v e  b i a s  app l i e d  to t h i s , s i l i c o n  g i ve ’s

R (OFF ) F10 1)

Capac i t ances  C 3, C8, and C11 are  cop l a n a r  g s s t l l u s t ’ t n  Ic s’ t i p t u c i  t a f lc ’ s 5

due to  ad j acen t  m e t a l  s t r i p e s  on t ime s u r f u m s ’ s’ and can h e  c a l c s u l u m t  ~d Dv

ce n l er :nj l hti ~ V p i r 1 g t s ’c l i I :  i q ues  as d e s c r i b ed  in  t h u s  p r s ’v i e’us r s ’so r t  ,

~\ v CL— f i < — 7 6 ~~Ou l b , ( p g .  19) .

C a p a c i  Lances  C
5 

and C~~ t i r e  p a r i l l e l  p la te  l ’ i i ~~~ 3 5 ’ t t a n ce s  o f  V S I i i t ’S

r s - , i d i i v  cu .u l c u l ab l e  f r o m  t h u s ’ me t a l  s t r i pe a rea  and d i e l t ’ s t r i o  t h i c k n e s s e s .

The va lue  of R~ i s  due to  s i l i c o n  r e s i s t a n c e  and t o r  t h u  I ’ t - ~ s a t  rv

shown is a p p r o x i m a t e  lv  equ a l  L’s R
10

(OFF )

I n d u c t o r s  C , , L 6 ,  L
1 

and t h e i r  t s s s , i c i a t s ’d c r t ~~-s  I’ s ’s i s - u t  SIl s’(’S

F , ,  F6 ,  R
1 , 

s r i ’ I s o l u i t in g  in d u c t o r s  to  a l l o w  c h a n t  i n s ’  s l i d  d i s c h u s i ’e i t m g

lie - i c c i l m u l  l a t  ion l u i v s -r  w h i l e  p re-sent  I ng ~u ii I g i l  I mp t ’ i s i t e s ’  t o  gr o un d  us t

1 G I l L .  P1 t l se r  1. ) or L
1 -, 

c o u l d  be’ e l i n u i n s s t e d  w i t h o u t  s-u i g n  i f ’ i cars  I l v

~i f f s ’c t l u i g  s l t ’v i c e .  p s - r f o r m a n c e . P r o v i s i o n  i s - u made  i n  t h u s  c i t ’ s-u i t m o d e l

t o  par~sl  Id tune,  (i~ w i t h  C
9 

to i mp r o v e  i s o l a t i o n . Ind u c t o r  L
1 

i s  u -  ad

to  s~’ ries t uric t ime  t r u m n s d u c t ’  r ‘son s net s Cutp ,lC it 5 1 ) 5  0 C
1 

all c s - s i t  i’ I’ ~~~ s’ l i s ’ISC\’ I , ’

r educe  insertion loss.

For ‘ - o t : b p , u c t  m l  s - i - r e s t - h  sw i  t c i i  a n r u i \ - s c o n t p u s r t u i ’ l u ’ t o  t h i s - P I N  ‘‘t  n s i ’n s

dc-sc r ibs’d i i i  t i l t -  p re’s ’ i ous st  s ’ t i  on , i t w ill I ’’ - lIe ci ’ s-t s ts  i ’ ’  I t t  i n  I t i - I S  1 s ’

t he jn,hs s e t  o r  ii Ori t bu s ’ smelt ’ sa’s ’b’ h t I r u  ans i ’  at  n - s I t ’  , s  s-i I i t  - 
~b 0 . An S O t  j i - ’  i i -  I

Is v t o t ’  gus t - u t - i  ry  h t i - t t i s t ’ r e b  s i r e lit ’ - ; s - I u - c t t ’ s h ~‘ 1 u i c b m  i s  s s t t t i p i t  i h 1 ~ - s-i t i u

l t - , u  s lb Is’ thu in f i l m  sp i r t i  I i od in ’  t o  r s’s I s u , ’

‘i’he s i n o h u ’ , i t ’ V b ,  t’ t ’ i r a l s i t  i u u o u l e i  o f  t-’ i g u i r u ’  ,~1 wa -~ , s l l t u l v , ’ s ’s! ~‘ h s j  I ,-

h i ’  Id in g  t a-  1 01 low i l l  ~~d t 5 ’ : , ’ t t l  - - c uss  t sn t . h i s s ’  s - , u u u  a t  t u t u  t s-u i I s i t - s u  ~~‘, 
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= 20 ohm s

C
1 

= 2 pf

R
2

=R
6
=R 12 50 ohms

L ) =L
6

=L ],2 
= 50 nh

= 50 ohm s

1000 angstroms

Parameters  varied to SSS e S S  t h i s ’  effect of device geometry and

m a t e r i a l  p r o p e r t I e s  on s w i t c h  p e r f o r m a n c e  were F , F , and R
0
. The

p a r a m e t r i c  search was made bo th  w i t h  and s~- i Lh o u t  t he  paral le l  t u n i n g

inductor L9 . The resul ts  of this  evaluat ion are  summarized in

Figures 24  to  2 b .

Fi gure 24 shows the performance of tin RGS as a t u t t c t i o n  c u t

silicon r e s i s t i v i t y  f rom 2 ohm cm to 92 ohm c-- .

The ;butitted l l f l~ is time pe r fo rmance  of a t ’~-p l i - i l  s i n s i l s, as-n e, ;

connected P I N  switch ( f o r w a r d  res is tance 20 ohm s , r e v e r s e  c t m p ic i tan o c =

.1 p f f o r  comparison . A l s o  included is t h i s  i so la t ion  p r e d i c t e d  i l ’ t h i s

p a r a l l e l  tuning in s luc tor  I.~ is om i t t e d , in thi s case t O t ’ cu r v e ’s f o r  F
0

12 , 22 , 52 , ~ 2 all  col lapse on to  the 12 dB curve joining t h u s ’  t r  i u i n g u l , i r

p lot poIn t s .  For t h i s  figur e R 1,100 ohm cm. w = .6 cms , and 1 5) i s-i

43 nH.  The swi tch ing  t i m e  for  this device is  ~“5 ~-ss~c , p r i m a r i l y  ds ’t e ’ r m i u m e d

b y the hi gh ga te  r e s i s t i v i ty .  Fi gure 25 repea t s  Fi gure  24 w i t h  w = . 2 c m’s

whic h changed L 9 to 11~ ni-I . A ’s can be ss’s,n t ime i so l a t i o n  impr o vs - d Dv

-‘-10 dB - i t  the expense o f  ‘ I diI e x t r a  inse r t  ion h iss .

Var  1 s t  ion of RGS p e r f o r m a n c e  w i L l s  g :u f  e r e s i s t  iv it y  is shu s ’sen in

F i ~~s sr s- 2 f i  (‘o r  H
3 

= ‘12 ohm ‘sn , w = .6 g ,  t i i i s i  I~9 
= 4 3  oh . H u c ’ h i  i f e r , - l i s ’ c

in S N / O F F  r a t i o  fs ’r  100 vs 1100 ohm cm i s-i i i ’s-n I s ’  iii sm, m 1,1 i l t h o m i c i m  t h i s -

swi t c h i n g  L i t - s i ’ s  s - e n s ’  . 5 , h ~~~
- , e s i -  v-s . 5. 7~ .’s~ ’i ’ rt ’ sb ps ’ - -l Is’t - iv .
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3.3 Experimental Results

‘l ime d imensions  of the  i n i t i a l  RCS des ign  ar t - :  C = 8 tn ,

= I , = 0. 1 t m , and N = 4000 ,,nm . ‘l i m e  r e s i s t  i v e  gate ’ i ’ i a t e r i u u l

is RF s p u t t e r e d  t i t a n i u m  d iox ide  (Ti  02 ) . I t  sos f o u n d  t f u t u i t h e

T10 2 ch emica l  i t ch  n a t e -  was ve ry  low . Consequs ’t u t  l v , t h s e  g u u t e

p a t t e rn o i l ’ 10 , was d c l  ins’d Dy HF s p u t t e r i n g  t’t c h i n g  u s i ng  Si0 5

as a mask ,  h i s s  RF p e r f o r m a n c e  of an FF0 d e v i a t -  is s i t u  in

Fi gures 2 7 , w h I c h  sh ows t l u e  in s s ’ rt  i on  loss of  t u e  ds ’v i  cc f o r

va r ious  b ia s  v o lt a F ’s’ s i n  t in ’  I r equency r armge 0.1 to  1.1 ( H ~’ .

‘ s r i / o f f  r a t i o  v a r i e s  i rons  24dB to 8 . 5 d b .  l i s t ’  r e s o n a n c e ’  a t  0. 18 s f 1 , ’

is due to t u e  RI! c imoking i n d u c t o r u~-s~’d in t he  t u ’st  f i x t  u n ~- , , u n , f

i nd i ca t s ’s t hat  the t r ue  i n s e r t i o n  loss of t ime  t - s w i t ,  is  a t  ?, ‘ n u s  h i t s ’ s

is probab ly lu i giser. Titus , the t r u e  o i m / s l ’ f r a t i o  is u i - ~, s  im i s ’ i u u ’ r .

The l a rg e  DC vo l t age  r e q u i r s-d to  to rt s s s n  t h u s ’  swi  t cli is bel is ’vs -d ,h ie

to L t s a r , ~ s ’ f i xed  at t h e  m a t e r i a l  i n t t ’ r f  ui - es . 1 i i i  s- u r s -s b d s s t s l  e i I , s n u ’ a

can probab ly be removed b y a n i m e a l i l s g  and r e - d u e t  i on  s i f t h u  die ’  I t - u t  t i c

h i m  t h i c k n e s s e s,
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_‘ , sJ S i L l s - s i  — s N — — S A I > b ’ h i l k F  1 0Hz ~-uOOi - ’f - l1

l O s ’ m aj o r  s i  t o r t  on t i m i , ,  l s - r o ) ’ r u i n .  has i s-en  to ‘ l t - v a l u p  t O t

L i t  e~;r u i t t ’ si  s i ll i c o n — o n —  - , i 1 s ; - h l  ru  P u N  u l l s , d a  s w i t e h i t u s - :  , s n n t s v /

u n u l t i p  [cxc r t o r  use ’  In t h u s ’  ss ut p su ’ stags’ of a r e q t i e f l c v  s v t u t h e s i  zer

w l u i c l m  use s a s u r f ac e  ui e’ o t i s t i a  w av e  f i l t , ’r Dank . his t o  t h e

in s t - r i  i clii loSsc5 of  t lie OAF ’ l i i i  lers u u s d  t i ss - m i i i  t i p 1 t ’xs -  r , thi s -

o ut  i~ s i t  Siu t lual w i l l  p r o b a b l y rs- q u i  r e  amp l i f i c a t i o n  p r i o r  I i  b e i n g

used as a c u r  r is- n or nios iu l  a t  i op  s ign a l  . ~\ e c s ’  rs .i i ng lv  , a m i n o r

tas - , k was iu m c l u d e d  ill t h i s  p n ( s g n t s l s u  to u s - s - s e - us time I’ti ’uusih’i l i t \ ’ of

i r m t c - g r a t iri g atnp l i s  i t -n a  on t : s s ’ s - - S r i - l i ’  s u u p p h s i  rs ’ s u b - s - - t r a t s - as tb i t-

I’ 10 di tisle switch t u r n - u - .-

A si lico n— o n—su ipp hui ri b-lut- l- ’IH e i s ’ V i c s ’  e’us ’s  i n c l s i t h s  d i n  I - s  1 0 , 1 1

P U ~ d i ’ , tj e  ~‘,-,‘ i t c h  1 s h m o h , m u s H’ s . lb ’ S’ I ut ’ a d d i t i o n  01 ant- t ’xt i i  i-musk

l , s . ’ er  - s t u d  O u u e  s’ x t I , i  l r L t a L ~s s i I u g s te p ,  t h u i s  M s 5~~HJ  uc u s s  f u i l ’ n i c a t t - d

us1t~~- i s - V a  - p r o c  - - - - I up , ss’ qu t ’ t s c e t s s  h i s ’  1’ 10 cii ( i l l s  a wl  h c - i t  u i r n , u v

4 ~
i t  . ‘ u - u-, I n i  t u I a 1 i i  i t s  N 0’- ‘s i_ t 11 t s i t ’ . vi th u a I n i i  c i- , rut -~~ ‘so s t

U 5 1 5  , h i i  s-
~~~

V i
~ 

i Ii, ’ ,i lsd -, ,~~~~ JO m i c r o s i  g u i l t -  w i d t h .  ‘
~ l i — s t  s’ OX d s -  f l u b

0

s i t  - -
~ o t  1 s ) i  - ii i ’S  g, iv - - a r u t s  - d Oct - ,  s ~

- t - i n  t hi ~’ I 5’— 21) I::nt h l i t ’ s  I us t m g  t -

‘h Oe de ’ , ’ i t ’t’ u ,’ u s ~ ‘‘v s s t a t  t -tI o ver  t h e  . 7 s - h i s — I  . ‘, ( - I s ,  I s  s a l t - i - n v  rasm~’

- i n s h  t h e  N u s r u i s -  - f t  rs , s l - t ~~~i i i u ’ , I  l i t  - s 00 ‘ b u t :  sv ,-~I i - i s  i l -  - u l u s t w l i  i l l

l i - l I t  , - s i t  nu , s : ’ :~~: l u y  u ] ’ , :  Iji h a s ’ ,~~jn - ,i ul s t s , h  I n t ’l ’  t h i s -  S - s n - i —

t u i s , t  c r ’s  Iu~ sI u ’ ’s~’t1 irs i i  s i i ,  2 ’ ’  11’ l’s’ - I - - I t ,  s u p  I a I . O i l, ’

‘1 i~ s s a t  s i t - - us ‘ l i t ;  I I 1 - s  f t - u s I D i  I S t y  f , s ~~ u s ’ , -p rust i ll )-; b u t  ‘ ‘  0 I I

il ~~‘ i -  t - ~ us ,  I s i t  -- u: - s- ,- s~~n ~r ,  ‘st2~ 
- t rust t u u s  I b - s  ‘ h  0 ‘1 i u s ) , -  - i - . - ‘ i s  

s t i u l  i t - ‘i u - - ‘ s ’  I .  I -  i s - -s h i ’  . 5 1 1 5 5 I s--’ 1 - ‘ Is u ’ I t - t i  l i t  ii s s i a i u  - i - 1 - - ,~ i - —
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versions of the  P10 diode rsul tip 1~’x~-rs , sh u i t s u  1 d usi l i ’.: t lie I ;,,i j  —

:atiofl of integrat tisi molt i—stagt ’ nioflol It iii u i t t - I  i i i  i n s .
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5.0 CONCLUSIONS AND R 0 0 0 M M F h N D A T I s  505

Time teasibility of a compact , mono lit imie , 1~u— input ,

1—output UHF switch using SOS technology was demon sti ,;ted.

A comparison of actual ps-rfornuance wi t im perfon s : ;r ucu gi st u l s

is seen in Table 5.

1. The :ss’tssure,h o n / o f f  r a t i o  v a r  it~ i I ronu 57.5db to

o2d8. Tu e true ott/of i ratio of the swit cli is pr s s l s u u i s l v  h u i g lu s ’ r

a l thoug h it is ex t remely  d i l l  i c ult  to reduc i - s t r ay  RF Ic-ed—

thmroug hm .

2. By develop ing time techmn o logy f o r  i i u t i -g n t u t s ’ i h RF a t i ,kt ’’s

the DC power r e q u i r e m e n t s  ps - n s w i t ch  have he’ s-n n e d s u c s - d  f r o m  SOmN

of t ime p rev ious  device , to 3OmN . T h u s ’  s i t - s e of in t€ ’g nu u t s - d iimsluctors

l u u s s  also e l i m i n a t e d  t ime less rs’l j ab  is ’  ~hO cap a c  i t t t r s  wi s i c h u  we- ri ’

used fo~ DC blocking in t h i s ’ p r e v i o u s  switch tm rn ,uv .

3. A l i m i t e d  t h e o r c t i c u i  1 and e x p e r i l l t u - c u t t i l  i t l v i ’ s t  i c at  i,on

of a Res i s t i ve  Gate  Swi tch  ( 1(00), bmas v i s ’ i ’ l e d  ‘.‘s-r v  s l u c s ’ u s r u u i i - i I l p

resul ts’. An analy s i s  of t he  d e v i c e  ‘,s 5 1 5  p n s - s u ’ I u t e s l  w i u i c h  I t r e s i  i c t  S

t h a t  t u e  FF0 s h o u l d  h ave us a  i u i g is on/of I r a t  i o  as an O s l O  P I N  d i  s t , h t ’

v e t  d is~ I s u i t e  no s t , s t i c  p o w e r .  I ’h ue iii i t l u u l s-u- is ’ s ’ r i t n e t n t a l  res iu .1 k’s

i n d i c a t e  t h a t  a : , : s u h t _ i — R s 5 s- - - a - i t c i u  i s .  t u u i  , i h > l t - .

-s . Arm SOS 0 0 0 1 - 1 . 1  vi t ) s  gst t~~f pu ’ r f ~~s r : : : . i l l s - s- uip to  1 ._S 01hz has

l s ’ s ’ i m  dem on st  n u t s - s i . Thus ,  :: , , i x i t s s i s : - , iv d I s h - I c  s u I t  pe1 N F l  i: 10db st

1.5 01hz in - i  s t r u ct u r e  w i m i c i m  i s  p h u v s i e ’ u u i l v  s’ s :’ i j , i t l l i t ’ w i t h  t i l e

present ~w i t t:b u a r r - u- ~-s . ‘ t h u s , , t hs i -  d i -a ’ s - I s s 1’:- , - n t  el u t  i sm I s e r i f  t i

amp l i f  k r  , i r r u i n -  I S  b u ’  s t - - s i jim c ’onj i i n s  t i o n  e ’ l t h u  , u [ I l l  ‘ u w i t  i i i  s t r a y

s I - p e a r s  q u i t e I u ’u s s  i l - I t ’ .

05
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Tab Ic 5 omp.u r i s - s i t  i i  As t smuj i bt
~’n f ’ s r r : u t s i s s - s’

WI t h i Per  formane : e i-s i t  1 s

I iEM ;OAL ACH I EVEL)

F r e q u e n c y  of ’
O p e r a t i o n  9 5 0 — 12 2 0  MHz 950—1220 ~‘llLi-

On/Off Ratio 65db 57,

DC Fewer
Dissipation 4OmW/Swi tchu 20— lli ~,’-S

In s e r t i o n  Loss
Uni fornsitv 1dB l . s c h hl

~vi tch iing lime 1 se-c 2 nsec V

lt ower i h a nd l i ng
C a p a b i l i t y  > 10mW I )tI1~.

“ S t
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Time integrated RF inductor tech nology : , i N e ~- i t  po s -~h b Ie’

to develop a hi ghs o n/ o f f  r a t i o  swit c im  a r r ay  u s i i s : , ’ t h u ~’ ROS

a p p r o a c h .  The zero s t a t e  power dissi p a t i o n ma k es t hie ’s s ’ d e v i c e s

v e ry  de s i r eab l e  in sys tems wimere  low DC po we r d i s s i p a t i o n  is

insportant . Furtlmer work is recommended to optimi ze thu s - RGS

and develop an RGS switch array. Further work is also ns- , -~ s’ . —

mended to  develop an FET allsp li tis ’r array to be i i su ’ ,l vi ti m time

CII I’ swi tc ime s .
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METR IC SY STEM

BASE UNITS:
Quantity ti n i t SI Symbo l Formula

length metr e m
mass kilogram kg
t ime second s - -

electric current ampere A
thermod ynamic temperatu re k elv in  K
amount of substance mole mol
lum inous intensity candela cd

SUPPLEMENTARY UNITS:
plane angle radian rad
solid angle st era dian sr -.

DER lV~~~~~~ tIN1T5:

Acce leration metre per second squared m s
activit y (of a radsoactive source ) dis i ntegration per second h d i s s n t e g ra t so n bs
angular acceleration ra dian per second squar ed rad
angular veloc ity radian per second r a d ’
area square metre m
densit y ki logram per cubit metre kg m
electric ca pacitance farad F A ’ s \ ’
electrical conductance Siemens N A \‘
electric field strength volt per metre V m
electric inductance henry II  ~‘ -s A
electric potential difference volt V V~. A
electric res istance ohm V A
electromotive force vo lt V W -A
energy joule I N’m
entro py oule per ke lvin JlK

force newton kg.rnJ s
frequency hertz liz (c v u l e ) s
i lluminance lux lx mm
luminance candela per squa t - I’ metre rd m
luminous flux lumen Im cd ’sr
magnetic fie ld streng th ampere per metre Am
magnet ic flux weber Wb V ’s
magnetic flux densi t y tesla T Wb/rn
magnetornotive force ampere A
power watt W i’s
pressure pasc al Pa N m
quantity of electri s ity u:o u lti mb A ’s
quantit y of heat joule I Nm
radiant intensity watt  per ~t e ra dsan W s r
spi t i t t  heat j ou le per 1,1 log r,im - k,’lvi n 1k g- ~
stress pasca l Pa N ni
t hermal conductivity w a t t  p.’r metr s ” kel v s n - W m-l’~
ve lo c ity metre per sf’u unit lii S
‘. s s s  t s su t v  - dynamic pascal-second Pa’s

s i t  t s s i t v ,  kinemat ti square metre per sts t ,nu t rn-s
vo ltage volt V W A
vo lume cubic metre m
wav enumb er reciprocal metr e
wor k joule I N’m

SI Pk~~~lXES :

Mu l t i pl i c ati on Factors l’ it ’ lus SI S~ymbiiI

I 000 5)1)55 (i i )) O0() = i ( s~’ li la -r
I 000 000 00(5 = I is ” MiMi,

I (((so (((((5 nmf ’((II ‘ii
1 000 = 10 ’ ks lo k

ioo so’ hie tsi~ h
10 — 10’ ,l ,’ke ’ iii,

0 1 1st — i s I t .  s ’
00 1  5 ( 5  ‘ s ,.ntl’

5 50 0 1  - in mdli iii
1 (5110 001 155  m u  mit

(( sit  i i i  SSIIjI SM)! 5(5 n efl ( i
I) (((Mt ( lIStS ( 5(5(5 550 1 Ii) ° l~u P

is 000 (Mitt (((i tt 
~

i I i 5  i t S i i  It) ‘ ‘ f. ’n m l ,s
(I (((XI 0(X) 00(1 (t Ot S 550(5 0(51 1(5 ‘‘ a tt i , a

To be av o ided whe re i,o~~i lt l. ’
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