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a1iC ~K ~ILi~ .L~~~ ’ i~.ih~.i) 2 l .~t ; u I r

i~ie r c se~ rch ~roup o~ ,~icroe1t~ctronics ~pecia1 ty

Abs tract

er ~ive~ a Dr ief  i~~trod uct i  ‘)ri of an i n~ epe n~ ent
branch of ~ue j t L ~~~at e u  Cl : Ca1it ——— t h e  tr ~ ck f il i  in te r; —

ted c i r cu i t  : i t~ e~~~e i t ial f atures , ~~~ era 1 techa i~ ue , an~
the s ec ia l i t ies  of i t s  a Pp l ic a t iDn .  It  also presents th~
th ic~c f i l t~ c ir c u i t  ~M — ( 5 O 9 — 1n F 1 O  a it ~; strong  ab il it y  i~-n in~ t
in t e r f e r en c e .

In accor ; nce w i th  the t eac~~in ~~ o~ ou r re: ;t  lca~ er

~~~iri~an ~. i o  t n a t  ‘h~1L rebearch l;~J~~r t~.o~~ies -ni nffjlj;~ ce’~
tcOrk ;~~O:s of a~~: ed t~ r~aoio~:ica1 j~~st ~ t~ tj o nr  U ;at ;i~ e

p~-; bl e of  p~~e . u ct ia i  .:h~~ id , in a dd i t io n  to fu i f ~il I n c ~ pe-.
;i .  .~~ ien  t L~~ 1C r~.~~earcn  u r p - ’a~, en , a~ e ~n nro —

~i~ctio rL ah~ ;a:ver ~o .sioie”, ~~ , tne :s~ . ren Tho~~p of ~i cr ’ —
•~~ iec t r o n i  ‘

~~~~ 
•
~~~~~~

. c i al t y , ;~~t a~ Ic  ~.y ~~~~ r inc i  le of Clas~
~ ‘n ~-~ le and e9 en~ € :1 a I e 0 ~1~I~: 21as~~, l a\r c in the

~ t ~: n v e !  ni years ~‘uc e~ ci ed in ~elding the  forces  of teac h—

~~~~ re:e~ icri end eronuction into a solid base l ith in  the
in. til t€ , n i .  have a r o du c e d  v~ r i o u: kinds ~ f ~:j:t~~ e— c~ ’:sta1

components end i i i te~~ e ~ed c i rcu~ t~ i~ i rr . ; p o n r e  to t h e  n eed

of t~~~~no. 1 in t l  r e v o l ut i  n and innovation Ic. nome units.

~ver rince the revolutionary cn~~eri h eflt Ifl cdu cetion that

took place ill Chao Yang Academy last ~enr , ~~ are even acre

d eter : : i i . i r~ t}i;~n b efore  in the pu r Lu it  of c e u c e  ~iori  for the
prole t i rl i - t t .  In order  ~o ~C€ t the i u L p r T r t L v e  Je~ and of

u i~~~cn tn  pert inei tt  to the ~r e s en t  nt tu~ o~ dc~ta p r o r e~n —

In r- control opc~~r t i n n  in t h e  in d u st r y , we have co~~~i t t ed
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our n e l ’r ~’ . ~~~ 
‘
~~:.‘ C L .  ~,~~~cri ne d~~.elo ~~~’n ~ of  : r  : . icr ~ f~ lrn

iril t~~.~~~’ ; ~r d ci ~a L ; i ~,

~~~~ ~. i .  i ~eatures of t ne  ~lick ~ilrn ‘ ‘ult

:~~~L j C (  ;ii ~ i : ,t~~~:;~~~u ~r . u i ~ s or ~ 5t:n ~~ly deve-
loped o n ~~~~~~~~ t~ o~ t i i~~ c’ _ r  a r  r’~ , r t c i ’ or. hec ;n c  of it s
.e eiy o n t ~ ~n r i i 1 a ; ,  ~

‘
. ~ te see , rca ider a ; .  L e a  ~t ea t i n ~~~ been

i ven to ~a i e  ne out it r .i~ n a t i o n  in  r odu c~ ion nince its
i~~c~~p I  ion in  ~h e  50 ’ s o~

’ ~.1r i n ~e.~ t nT ’y . ~ecettl y, it tee

U n d e r e  on e  ~ cv : Id n~ vciL o~~: e:t L , n :  ~ee h e o r~e an iridepen—

de nts Lr anc~i in t ee  reel . :,  of ’ . . i o c o e le ’ t~~cn i ~~r . At r c s : n t ,
the nost ‘ i d e ly  u sce  ~ HJe oi t . e  m t  :t ~~ . i r c uI ~ is the

I r I .  ~e~ i ated ci :’ ‘ i t , eh icn , u n f a c t s  ~.tely, suf—
“ore t’roa Ce:  t In cieIini ’ oe~ en in  ro am t :  th e  i : i t�~~ra t ion
of ea sa iv e  coisto. :entu , be in E  l1 ., .Itt:d b ~ts in var ie ty  an( in
the  ranee ~f C O . ~r O a e at  e~ra. .~e ter~ : ~o ~e co~~~c:~eatn are ~~
~et un ab l e  to hc in ~r’a~ ed , ~~ih t ;a~t are l at e  m a—
ole , t,air pare ~e~~erL ~ rC o f t e n  ner d  to control  t e c hn i ca l l y
ar id ~ ev e !‘.,~t ;.er poor to le rance .  ~o ns e : a ent ly ,  lat e,  r a t i o n
of ce r ta in  n e .jh p e r c in i on , Lar ~~ capaci ty c i r c u i ts , eseec i a l—
ly l in e-j r  l .te~,m a t e n  cir cu i t s , et i ej un t e r s  , :o ,~e lI~~i tatj o n s.
Up to the pre sent , t c  t h i  c ~‘iin i~~~:Lsn t~ d c ir cu i t  ic not

~‘et ab le  tn  h av e  t i~ in t e ; a  I ed ac t ive  con con en t e , but , on
the San IS of t e i . L c ’ L rat~ n ae , :i ve cu :~;ponent s , w e ‘earl at t~ich
rn i a l l— s i zed act ive co ..~ j ne:~tc o t t O  i t , th ereby :i an inb ’  up for
t n ~ i nad :ne ~’ey of  th e  se i l .i c o n d u c t o r  ir i t c~~r a t e d  c i r c u i t .

Lee th i ck  f u n  i :it e  ru  t ed c i rcu i t  cm: loys si ç le  tec h—
n i eu o s  to manufacture , is f le x i b l e  in ause ;~bly ,  has rather
hiph  y l e lu , is convenient f o r  :iiass production , and hence
enjoys lower costs . Its past :ive co~iporients are stable in

FTi~—Iu (L~)I—O662—77 2 —



perf  r .~enc ’ e , e xai b i t  a w i d e r  re:i~~c of paraneter vaJues , h ave
1:0 re v~ r ety , into of f e r  ~ ur e  f re~ do . :  in design . ,J en c ’,abj —
n ed w i t h  .i i i’fe rcrxt  U L~pes of cr ica 1’:x uiated :~ic r i scop i ca l ly
sined . iugle—c’g:i tal diades and t rans istors , c a p a c it o r s ,
in eu c t o rn , an :  s e :~t coadu c to r  in t e :rate I c i r c u i t s , t~ e I c b k
f u n  c i r cu i t  ca: pe c :b r : u  raa :’iy kinds of logi c f un c t io n s .
An ’et . er sa l ien t  fea ture  o~ the th i ck  f i lm c i rcui t  passive
co::co:ients is heat high caeacity  oerf . r.~ance as well as
:enl t i — i a p e i ’e~ ne t v o r ~~ are ~aoe possible , t e n s  p rovid ing  an
indispensable . . .cth ’~& i o f pac n .~,iug  ~or s o l i d — s ta t e  devices .
Ac cord ing ly ,  the  t h i c  lila c i r c u i t  has a very :r oni sj n g
future  in the  area o I’ n i g h — c a p a c i t y  hybrid i n t egra t ed  cir-
cuits a nt  l ar , e~~n~~:le  e~’ c c l i  I r i t e r’ated c i r cu i t s.  At pre—
to:at , the volu~e of a .1 10 ceip  of the t h i ck  flits circuit
i t :  m r . er teen t eat  of tar ’  mi COa n U c t o r  ia ’lC ated c i rcu i t.
gn th e  o t :e r  head , I t  ‘ n  a ei 1’hrr  pack ing d e n s i t y ,  and can H
~er f ’  ru .~~~y b r ie fu~t c  ~.iuan  on a single chip. There fore ,
i t  doe s  a~~ t occ .~py ore  sp: ’e in  t o  \~n o le  n~~e t en  tean does
a se. ico du c ~ or l a te  na~ ed c i r c u i t  ~~~~~ ~.I’L) t a t  pe ’ ’fo ru s
the same a .ount of l og i c  u : i Ct l e u r .  . 1.ire the u h i ck  f i lm
circu ..t is esoe cial ~.y st a :  ,j,è , r ’~g eJ a r eb l a ule , and Shows
s t rong  aetlity ~~~~ nt  i~~n , r’~’creece , i t  is very eli recei-
ved i r t x ~~L’ar a s : ”  : ue t i o n  it  c ~c m L e d .

~ ‘ b r ’l c a t I c n .dec :v : i ru e of the i~h i ck ~j lm C i r c u i t

ltd ck i’iin c i r c u i t s  a re  fa b r ica t ed  on eera :j c sub’r;tra—
tes t a t  ave v ar i o u s  .~r ,e c i fj ca t ions  in s i zes  of 1 5mm x 2 C m ,

~~~~ x )ua , e.~n lO iso x 1)11:11 . t : : e — ,~ a c  ~nional , two —d i : . e n—
ad o n a l , trid nil t i — i o y ~~red net orKs  can be .“ab r i  cated on tee
t . u a t t rates .  ~ ‘~e e cm a c i c  s u n St r a t e s  are e . erally required
to have go od in su l a t i o n  property , s ail d i e l e c t r i c  constant ,
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~reat :ne chnni eel c i  :‘~ t’ t h , h igh t , e C Ae l cu t:. ectiv ’L t y , c hili—

ty t~ ccci i t  do P r . . .  t i n i  U : t J C r  ui~~h— t : : t c ’r’utu .re a ’ine h ag,
a .I’~~ t , ~~~t tj  .,ui’r~ ce.

tintire i’:~ u : ’ i :e~,j a r~ :1.’ n e~~S of t ar  ~~~~~~ :j L . :~ e l m —
iU l i  l i cindes  oi .na~r l a:,’)Ut  oi’ tnr entire ci t’cuit , cu t t i r~p
if  ~. i 1k— crt~~~ ixig ~t enc l l s  cud t u s s L ’ q neat p rL~t .it ig of cat—
t om... ,. f’.’)r  t r a~ r e f r a c t L ,  Ly oot.in~c : leE: ‘at’s arid ra~eistors,

beki1g , firin~ ~f t b t~ C u t  ‘u c t ing~~’a~tr .s  and rc’lintors, anodi—

n a t i o n , : :sjust ..eri t ci’ resistance ‘~a’J ~eu , o e ld c i ’in g  of vari-
ous ri  ads  o ~~n op l iqued  coa~ oaea t e , ~ine t ivr  l i o n , e n c ap o u l e—
t iori , a~’eieg,  md Le o t l~tg .

Ph: :H ’~~t step in tee Pt ocess  is . . c n n i it ~~ic layout . un
the b asi s of the : :odcll in ,: of ‘e~ i ’ .~ r ice for  the j~ di  v idu a l
c r’cuj t s , one :iust 1 ive an overa l l  c a a n i d c ’m n t i o n  of the
characteristics of each cc.::, ‘en ent used , the  arrecial :Tcper

t ies  ~f tee t h i c k  f ilm , t ee  d esi r e d  e d — e t i h  cal :.‘are. e ters  in
the  circuit , the r e au ir e ent on t~~ ca l co~~.:nc t ~ vity , and
the  p e c ut er i t i es  c on c e r n in g  tee aaoesihheg.c of th e appliqued
Co l ori ents , in mn cr to i’s: .] I ze ar u n e rly,  accurate ly , ari d
co .n iact l y  t a r  in  . iV i o  0 1 c i r c u i t s  on tee ceramic substrate.
This it ’  m d c  d a cc . s l ex  and e l ab ora te  process.  For d ig i tal
c i r r u i t a , i f  the l ej o ut  of  the  art  e st e r  in j u d i c i o u s l y
carried ou t , i t cm be used f~ r several c i r c u i t s  at  th e  sa’r:e
t h e .  In fact , .e  hav e e A cceeded in inining two art :iasters
.‘h t ch  can be used in  the t a — P  1 ,~c’a::iort:d p r in t i ng  for each
of the c i rcuits  ki~i— 75 O 9—j e F1O , ii~ —75 1 O— 1H 1 , and h i i —1 5 10— Y H 2,
t : U S  i n c r eu s i e g  i .n :L ’n s r ly  te~ n o d o c  Li on e f f i c i ency.

~d~e ~J~~i i iLe .  C : . ’ ~J I 2 C L i ~~~ , paths  are used for  i n t e r c o n n e c t —
loris w~ t h i n  t~~r c i rca  ts , Lemeir ial s  of ccc istor s , soldering
po in t s  for the  t- t pp hi~ u ed co je on ent s  and external  leads. The
re f ’r ect ory  c o a d u c~.Li ; ~r :~~t i iS  . :uet nave 1,oud l d e r a hi i it y ,
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good e l e c t r i c  ~l co r i i uc t iv i t y , good adherence to the substra-
te , a n d  ao t ’li ty to ‘~:itra;tand ther :aal and .::€‘chanical s tresses

L t h O U t  fa i l i g o f f  or f rac tur ing. ‘the r e f r a c t o r y  silver
l an e  ::ad€ fo r tuis  t u r p  sc a ~ the  present t ime is a mixture

of silver oxide , biiniutfl oxide , boric acid and an o r ’~~n i c
e o i  ‘it iO f l .

tt-.e t h i c~. Lil t r .’sistor is nid e from tile pr i n ti ng  of a
res isto r  g laze , the a .et l y  ide l y  used of wh i e n  is the pal-
l ad ium—si lve r  glc~ e , c omi s t in g  of pa l l ad ium oxide , si lver
p0 .der , a fi xed ‘ m o . , r c io n o f glass 1 r i ts , and fl or~’,anic

so lu t ion . la b o a g r  th e  p a l l - d i u m — n i l v e r  glaze  is r a ther
expensive , it ha s  excellent  e lec t r ica l  a n n  t e c L n ic a l  proper-
t ies.  ad’te r f i r in g , the  t a ’ cc  f i lm r€ :~~is tor  is only about
tens of : . ic~ onc to .iclc , occupying :il .ost no op a ce  ao all ,
laIr r Lb y i n ’  rc a. j a g  the  p a c < i n p  deasi ~y. I t  is s t e e le  in
aer fo r’ c-nice , h a v in g  a c on tr o l l a b l e  t e : .pem: .  Lure  co e ffi c ie n~
of r e s i s tance  in ~~ ‘ e or t e r  o~ :C ppm/ °(~. it s  shee t re sis t—
“ o n e  val ue an v . . r y  o :cr  a ‘i d e  ir ape of , a c c o r d i n g  to t~ e
l i t  ra t ’ t re , i fl/0 i ’~ 1 a.Qt :2/~ • h: :  e~ ’ . i . ea ts i,.,. i c at e , however ,
t i ’  t th~ Up~ I’ ‘ala 1) ‘er c,: t cc,,~es of tne  ra : ,,, , e are not

i .l v  r c : r ’ a l u c i  a l e . ehe .,~, ect  i e ci s t :’ :e’:e values  t h a t  .e
a rja~~ral  . i t , , : t  d i f f i c it y  a ~~r ’ n ’ r :.~~l1y use are in the

in: - e 1 g .O./ ~ j to ~,oK~L/~

f or t i e  ,~pp1ieued conpoae..tc ’ , :e use various sped —
a: of si~~g le— cryst . .i dev i ces acu i’—-’ct ored by our o n

.1’ search i n o u~., .~~~ i ‘1~ 3cK2 ens dJR2P . ~a ing to the pack eg—
i n ; c u . i n i u O r at i OX l  in t:e~ local  : l a a , ~e have  switched to
using no’del w310 eaterea l  capaci tors  made of ethy lene poly—
o e n ; ’ l 1”r iv : t ives  ;sa :u f: , v t n r e d  by the 2alien ireless #4
~ac to ry .  ?his  type of capacitor has very s a u l size and
good b e ar lat ion , and is conven ien t  for ageing and so lder ing.
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in ;inr ’t icu ~ nr , i t  is a t ab le  i i  p O I f  ; C r .  ice rerd resistant to

J - ~ . .:i ge , tee r e b y  , re:~Ltly e:r an ci : ig  t ; r  to iing o f f i c l e e cy  of a
i n n  e a : : r u i t  of t h i c .’ f b i :  ci t r u i t s .

L ’he o a . i c  fa or i e atj o :i  ‘t’ c e . ique  of the L :a ek f i l m  cli’—
c . it  ,c e sse : it ia li y r i p en e d .  ~ov~ever , t i

P c  ci r :’] tag r- -~ :ui [‘C ..e it i  o f t r ~, r o a e a t — i c ,  te c u b  a: en te have

~‘ U r hC ’d the d~~ve iop . : ent evcri f a r t i er , an .: th e re a r c  e’n . :e  re—
c - c t  i C t i V 1t 1C S  t eat  are w o c t I g -  of a t t e n a r  e.~ ~“or ‘in: . : ple ,
co.~n u t er— l r : ed  o~~t l e i . . a t i o n  of tee pari ’a r r  layout  can l e ad  to
be t t e r  :‘Lr~ :. ’n 0, u .  t e nt s  of component s an :  I .~ ccv’  eat  in  : peed
ri nd precin ion in tee c i r c u i t . To iti ~~e:- : e t h e  dc .  ‘~ee oi  j et—

te ’gca~ ian. , a a O — C ’ :] lCP  ‘~fj .  — 1 i . o ” t .  “L.j’:ne t S :  cet:e ‘, t v
be an d coin ed .  P h :  t o  .o~~

, ti.tc 0’ tact dr : t .’ c:r t re~’:t iy
ntt ,.inable i ’s ab ut C.5 : ::r—lriri, ni en 0.~ r, ra —i.::, r t nd. er~ :tne .
f he  u p . .li c at ion  o L  th e  fj . e ‘_ l i rj e tt t e c . a i n u e  cci i , :” eve tee

:eC~ l~~tj~ c to 3. linii, i t:. 0. 1 . t l C :’ . ’t i’~~. ec t ~.c
’: ~‘iln

tee r~ Se:’et ~ot::oP nd.oe~ a n , e ’~h :at i . r~ e
m v ia ti o i in v a l u e  a :.tci a r m  i.~~g. eL :.as b a ~x ’ o u g h ’~ to o r
ta at t e nt i  or e e ( etly t a t  a co—c allen t et Lt , C t  p r in t i : t g ’
t~e:hn iqu e  c : .  rielp menace the .d rv a ti a a  ho ~ a f t o r  Li r ing

. ,~~ .: t .  .s ee im in nt e  the  aCe : to Lh , e— ~a r b a r t  the r e si st a nc e
value s , ‘; .L Ce is ra t er n ’ . ‘u  r ub l e .

App l i’. ,.et i :rns

l’hu t h i ck  f i le t  c i r c u i t  f in d s  r i p .  licati :ctn in mv

rea. , bu t  is. : act i :; uses I m  dat a  in ’ : cessiag  contro l ic the
i e i c :  t ry . i~t pr~ sent , ti.ere are ~~~~~ kirn. s of n e ’ ’ ia l i z e d
p r o d e c  ts in  eneapourilted forms in this country . fire :rin—
ci pal encapsulated p m .  :u c t s  , , a r i . : f , , e t u r e d  by us are in the
Lam of UL r i g h t  . : rt ~.. 1, enc r a  u . at ion , eac h  o f  welch is cer—

— b —  



_ _ _ _  ~~—- -~~~~~~~~~~~~~~ --- ._. - ‘ . ‘- . - .-~~-~~~~~~ --  - -~~~~~~~~ ~~~~--~~

ra ti cal ty se leP , mets 14 leed s o n i  a t  exte r i  or case en :- o r —
iag :- ‘ o . t i  x n eti x 0 :11:!. ~- ere is a n a t i er tya e of encapsula—
ti~ :r call c . f~ u t c : ra . . i c  e : r e : a r t m a t i o n , w e l c h  tins a :t a~:t r—
I .r oruae  . . . ~n iog  , P 11.1 :. 5utiiw , or 1 ~ rr~ri x YDni :i~. J:’rse tao
t y :  e~. : f  eec ~p au 1 a t e  dev ices  are ~ho- ’.’n in fi gure 1 .

r’i .  1 fnic .’ iirs Int.e~ ra ted Circuit devices

: . : :Lr tijO d i r e c t ion  of C: abr  n i  no ’ s policy in ro l e —
t:- .r - ~ at e . :nc itl in , cc are he  t -cr i’~ed to t a r e  toe en t i i ’~..’ay of
0’ e n — J o  ~r en u e r :  t i  on , to 1:ia l5t  on en u c a t i u n  for  the p ol i t i -
Cal servi ce for tee ;rreJ e ta  slat. ~lIac . , ce have p ro duced
t nj c k  l ilt :  c t e n it s  1 ~r t .e  c c i  al p u r a r s e s  ol tee J id i t a l
control— line cuttin g - a e h i ce  for e o . c  u n i t s .  there we choose
the t s’t— 75UJ—~ña?l0 as ., :~ u .n t i e  to illustrate its technical

C:ícr: cteri IJ tics.

The ‘ —75 0 9— It:~~1O is a d i s crete  logic  dev ice , .h o se
c i r c u i t  and logic  f un ct i o n  p e r f o ru a n c e  are uho - n  in figure 2

ann f igure  3 respectively.

1
1 .

&~~‘S ’ 7 s ’ , ’3 ’4 /

Fig. 2 id —75O9—~i:?10 Circult Fig. o kiN—7509—YHF1O Logic
‘i?un ct ions
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si.— ,509— ~ie~’l0 is ri a ~e -ai r mit t h i  , can ;. em - arm multi—
lo ic ~u::ct1o::s . ~J 1 of its C e  i n t u i t : :  . rc ho se., i nr .in e a
cc i  et~ ally r e e l e d  ~t ’~ t 1 -ccc. m’:e logic ::.z— irti as that it
ce rf n rn : :  crc toe ta le :~ on c  by other ordinary circuits.
.e OflOO SC ‘ a -a .i”’~e a i - c up  of Jo ic gates in t:in’ fol low ing

p e t e .  “ S. rae eec atm .nncc o±~ t h e t , :. t o~ ’ ‘~hc e i ” r a i t  a a
t~ d e d u ~ ed -:- “i’ iia~~ ’ ” u ’ .,e~ ts.

w i t h  tee Us o f p o n i t i n c  1. ic , the  ou ic is b ’

\ l.2~~ic- 1 “ “~~ ~:her ~ ;l l  ~~~~
‘ I’ne t :a ’ lt S  r~ ’ h~~ ’h ~b t  i c;rl ?~~

~~ “n a .  ‘ un ;:cr e of  he l e p ut a  ‘ac b - , ~~ c out :a t  is h i  a t .

t m e  ln . i c  1 c c i  a b a  ‘re.: he :‘.:‘t e~-rr  t h a r

= 2 •~~• 4 5

.. J j . k . l e o n - or ’, t i  nab  pni i : i .~.l eu ; ~. ‘~eri ur i c em -re of

t h ~ i ., ec:t~ or :.’ low ~io\-,’ :io t e a  t o  be C.5 v o lt e ;  h c ’c -v er ,
bee . u se  the 1T:J t.’.n -

~ d r o 0~~~-o :r-oss th ’c et’ i icc  to sct .e r ~‘~.ct ion

of our ~~~~~~~~~~ ~~ h ., is . .etll , m a  i~
. .cctu:lly at 0.27,,

t he  :,at cur merit f l O r S  f r o r i  t a :  s ou r c e  ~~~~ teroupt. the pate

re~r i st e i - it , L t ~ the  inp u t  h i o d e~~s) , ca ning the input
diard e ’~s) to he ‘ ) o s it i v ely  b i a sed  m~ the out ent i a l  at the
p o i n t  i ta  cc s L a k e d  ct 0.2 + 0 . 7  = fl .97~ ~ith the reverse
bre .-. k J o -  a v o l tag e  of tee ~ener bi de d~ e~ ua1 to approx imate—
ly 1,1, the pa teriti.J ~t i c uses 

~~~~~
, to be n o n l — c o n L u c t  tag ,

t :.ereh:~ pu t t i :~~ ta~ transistor ~ to be in t: ,c cu t—off ’  conr i~
t i~ n. :O us too out put beco es hig h . ~i :ce  the leakage cur-

rent of 3~K2 is. very inir’,ll , th c ou tpu t  po t en t i a l  (‘ On get as
high as 14.27 .

.he n all of t n . . j , j i 1~~t~ are high ( 14 .27 ;  the in p u t s  can
be t i e .~~it ~~u t t :  ..icss of u k - l ia r  t r an s i s t o r s  in the previous

st a ge s ,  ‘ .11 toe inp u t  d i a r I e s  beco .e r c r e r s e — d i i s e d , and the
vo t e e  of ~~:“ n~~’~rce causes D to reach breakdoc’n. ?.

~~~~ ~- i . ~~; 1— ~
. e; , — ’ f 7 — 3 —

- 
‘—---- 

~
- - -

~
-

~~~
- . -
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current = ( 15 — 7 — 0.7 x b / 4 .7  = 1.4.:~
’-. will. then flow

into tue tLa :irtistoi- 1?. ith  ‘~b ~~~--‘ to 1~~ iLl , very little

current flO v in t o  rib . if T ens a s u f f i c i ent l y  nigh value of

~ ill be i i  .~~turation , ans ~nC o ut p nt  be ca en la’; at
0.’- v- .

in :a.~Cr t~ . L . ~~FOV C t b .  .~ u t l it y  a~ ui . rst  i n t e r f e r en ce ,
ch ich  tean s h av in g  to laS  ~eas~ t . e  t e i e sho l t i  v o l t a g e , a

~oumce of 15V is used , itt We i Ch  t i  ::e the t ereobold v o l te f e
t;’h:es the value of 7 , ,d1. fhe use of th e con —linear coinpo—

neat Ii, . in slace of potetitial—d tvidin~ res istor s for the
separate logic circuits raises the gate shut—off potential,
thus i::tproving the ability a p dr i ct  interference sign ificant-

ly. ~hen the input is low , the noise margin  ~~~~ = Vgm
_V

ca~
- i t h  t i c  pe te sh u t — o f f  potent ia l  equal to (7 , and the outpu t
;.:a t e :it in l  ct 0.27 , 4”0” 6 . .oV .  0\- i ri g t O t eC  sl i nn t  va r i a -
t ion s in  i-a; ’: in ter v: lues c,sr ,i’: s  ~‘u orb : t io n , the  : 1  s ia . i . t

v l~~e of tb~.’ Or sh u t — a  fbi vo l t . . . e j~
, ~~~~~~~~ are .  if the

I :1 1.n r . i .~ low , te~ iOIS t i  ccc, in dnco.~e :  n .3V , \ e i c f l  ~ Ej 3•(1J

h i  : em tn a tac t of  t . e  si ci c n c~~t c t o r  in t en r c t c c~ c ir m i  t .
hen t b ’  i i ip’ tt  is  ni~~fl , the n u l .:e set’ in ~~~“ 1” = 1cg~~

1 -.m ’
I tn  hi h oat p’i t level at 14,2V, and th e o m e n — n -  te

ao t e n t im 1  
~~
,.  equal La .p 1. i a n  to ~he sli 1 : i i t v .ar i ’c t ion s

i i i  ma ma e t o  a~ I u t : m  c t  n i  :~~ iP :aj c :~ t iof l , ‘t i lO nsa-: I ; ur J  v ,~. ].ue of
tee  os en— a l e  :o t :~~ti :1 it  di . ~~~~ if  the irk car is h igh ,
the a ’:is~ n.m i n  ~ “ 1”  b e c o m e s  5. 2 1, ‘. ‘h i ch is 0.11 i.iRber

fl ~~~
“ i ’ I  = O L  n C  n i L  n j ~~.tuit .  Tr ans fe r  c h a r a c te r  as in

i - k g .  4~

‘r an t l1 ~-~ vie.~—~.’ )  u tt  of ~.,Lte e f f d ciency , “-i tnì i~. e: -ur l to
4. ‘nf ~ , the at-c u r ron t~ i~ ~~~.2 at ap 1 .r ox i :ca te l y .  ~mom
f c : iro 4 , il  c t  Le Se, . n ‘teat if tne output is loaded ~ itn
c i  i l er  t m a n l : i s t a r s  r n m ~ tr iat  t i e  cc l l e ct o r  current i~ 20 .A ,

w h i c h  cor responds  t o  a f a n — o u t  of coe f f i c i en t  x..~~, the low leyel
c an o t i l l  Lu  :‘ ‘ ± . t t n . i ne i at 0 . 2  V.  If two 3DK 2 are used in

?i~~-1~~ ~~)~~~
— . - 2-~~( — 9 —

., . .~~~~~~~~~~~~~~
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‘

parallel , i ts load capaci ty  can be raised fu r the r

When the fan—out  of th i s  c i rcui t  is equal to 6 , its transfer

cha rac te r i s t i c s  remai.n the same even if it is tes ted  at a capac i ty

20% higher than is speci f ied  at the temperature range 10—100° C.

;m~~~~ 
—- — —‘— —

~~

— —
;~

--- So urce Voltage = 15 V
Fan-out N =6

- —‘— -~~- — .— ‘—- ‘ 
\ 

—- - — —  ~~~~~~~~~~~~~~~~~ S~Temperature 
- ‘ - -‘

~~~
-—-— —------ — ‘ ——  Range : l0~ l00~

— _ 4 ~~~. \ _ n

i t— .- ‘- ‘Mt

Figure 6. T rans fe r  characteristics of HM—75 09—YHF1O .
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