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20. ABSTRACT (Continued)

RAM (74S301A). This change was made because the TI-Houston production facility was achieving extremely
low yields on the 54S200/ 300 and had discont inued prod uction . These change s have allowed fabrication of
fu nctional devices during this quarter.
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SECTION 1
PURPOSE

I he oserall obj ective of ’ t he program is to implement c—beam writing technology for the
t ah r i ca t  io n of micr oci rcui t s . The technical  and economic impact of ’ electron—beam direct slice
p r i n t i ng  w i l l  he demonstrated on 25~ —bit bipolar RAMs. The e l imina t ion  of mask masters , masks.
and the  masking process will e l iminate  the most sign hl ’ica nt source of ’ yie ld loss . This will permit
greater circuit  design complexity and f lexib i l i ty  which will lead to lower device costs wi th  increased
re l iab i l i t y .  The complete implementa t ion  program is divided into  three tusks.  Task A. Yield
Impr o~ement Through Direct E-Beam Wri t ing ,  is directed toward developing the m a n u f a c t u r i n g
technolog y req uired for c-beam wr i t ing  with exis t ing equ ipment  and ex i s t i n g  re sist proce sses and
de mon st r at ing  the yi eld benef i t s  ot t h ms  t echnique.  Task B. (‘osl R edu ct ion for  E—B eam Wri t ing
I I t ro u g h h igh Speed Resist Impkn ien t a t  ion. is directed toward implement ing  ident i f ied hig h speed
c-beam re si sts  in order to s ign i f i can t ly  decrease cycle t ime and thus  redu ce the IC bar cost - Task C.

ost Reduct I on for E— B eam Wri t ing  Throug h Automat i c  Beam l) i am et er Control and Automat i c
Ha nd l ing .  is directed toward u t i l i z ing  EB MI l l ’ s capab il i ty  of computer—control led beam size ( large V
and small I on hi gh density circui t  I ~ 0. I m i l l  geometries. This progr am also included
i i i tpk r t i e n tu t io n  of ’ an automated h and ling sy s tem for sl ices to reduc e c~c1e tu ne and thu ,s f ur ther
red uce bar cost.

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



SECTION II
TECHNICAL DISCUSSION

A. INTRO I)U CrI ON

A si g n i f i c a n t  program milestone was achieved this  quar te r  wi th  the t a b r i ca t ion  ot f u l l y
i ’unct  ona l 2 5b- b it bipolar RAMs by direct c-beam slice wri t ing.  These devices were fabr i ca ted  using
1 1-3 1 3 p o sit ive electro n resist and (‘4F8 pl asma et chin g. All p a t te rn  levels i i l i l i , e d posit iv e r e sist
and plasma etching with the exception of the metal level. ‘l’h is represents one of the  f i r s t  LSI
des iCes  fabr ic ated by all c-beam and dry processing , In addi t ion  high-speed electron resists

- - 3  ~Ic ou l , cm sensit ivity I were used at each level.  Electron resists 01’ t hi s s e i i s i t i V i t v  are m a n d a t o r ~’
before  c-bea m direct slice wr i t ing  can become econ omically feasi b le .

I’er mi ssion was granted dur ing  th is  qua r t e r  to change the 2 5O—b i t  bipolar RAM being fab r icated
I rom the  54S30 I to the 54S20 I . These two devices d i f f e r  o n l y  in th e i r  m e t a l  pa t t e rn s ,  w i t h  the
I ormer ha s ing an open collector o u t p u t  and the la t te r  having a t n — s l a t e  out  pu t .  The reason for the
cli.t ngc is t ha t  the 54S30 I is seldom made in production whi le  the more versati le 54S20 I is in
cons t an t  production and lias a well del ’i ned yield history. However , the 54S20 I bu i l t  in st anda rd
product ion  at Texas Ins t ruments  does not meet the mi l i ta ry  opera t ing sp ecif ’icatio n s for  ope rations
over the t emperature range of 25~C to 125 - C. Consequently it was necessary tha t  the  operating
tempera tu re  range he changed to 0° C to 70~(’ . The .spe ci l ic a t io n change necessar y to cover the

~4S10 I t ’or operation over the reduced temperature  range was granted th is  quar ter .

Because the CF4 ‘02 plasma etch process developed previous ly for  the  DUF and isolation l~ve Is
ca n not be used at t h e base , emi t te r  or contact levels , a maj or  emphasis th i s  quar ter  has been on
est abli shing a C4F8 plasma etch process for etching SiO l which is compat i b le  w i th  Tl-3 13 positive
resist ,

Fabrication of the first art icle devices has been completed. All the  required env i ronmenta l  and
electrical tests have been successfully comp leted except the 1 000 hour operat ing and storage tests.
Hiese last two tests are in progress and will he complete d early in Ju ly .

B. PROCESS DEVELOPMENT

In this  quarter the first lot of 74S20 1A 256-bit bipolar RAM slice s processed using 11-313
resist a nd plasma etching has been successfully completed.

The complete process flow f ’or using Tl-3 13 resist together  w i t h  re lev ant  deta i ls  and data  W ils

presented in the sixth quarterly report. Despite the narrow expos ure window which causes problems
wi th  cros sl inking in overlapped or mul t ip ly  scanned areas such as a l ignment  mar k er  ~ire~ts . ,’il l les els

except metal were patterned with  this  11-313 process w i t h  good res u l ts .  Fi gure 1 shows a n
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Figure 4. Contact Patterns After Et ch ing  ( 74S20 l A )
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5t ~L ’ L ’ i t i s ’ ,i t i 0 i t  S( S ~ I ‘, b . i ( e d - ‘  .
~ i ’n i l 1’~ 

‘ -S . IlUil d m m 1’i i , tu ’n t  e o i i l a i t t s  il e l,iiis ol t I n ’  i u l t ’. i s i i t t ’ u i i i ’ t i t s

p e t h m ’ i m i t ~’d on t h e  I I S ~s1 . i t i ~l N l \ I  -\ l l  i t u t e r i t u l  i t i d  f i n a l  e l e c t r i c a l  te st  we t e  i ui i t le  i i i  •i .  ,oid ,iiice i~ t

I . i t ~les I I  , u t id  I I I  of t h e  sp eci h  i ca t  toi l  St ’s - S I

I - l ’ IRS  I AR 11 ( 11’ IINI’I s

\I l e t  pet h i ~i t u i i t i g  I IS ’sl , iu ~h NI \I t e st s  disc u ssed i i i  t h e  p i l ’s io i s sec t i o t i  I 5 ’  des i .e ’ V cu e
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l’abk II I  - Elec t neal Perf onnance Chara cter istics

LIM I T S
TE ST SYMIOI. CONDITIONS MIN. MAX. UNIT

low

Output Soi t age V OL 5’CC ‘ b V . OL - 20 mA , U~, 4 .5 5 5 V

P t s ~~~ ( e v i
i5 ,,t ,i,i Voii age V 00 Vcc — 5 V . D01~1 — 10.3 mA .‘

Shoi l  L’~.l

Output Curieni ~~~ V~’~ S 2 5  V 3? 95 mA

Inpu l Low
Curt. n l iL - ~ 5 V , V~, 0 5  v 510 MA

inpui High

Cuuent ‘ o i l  “ cc 5.5 ~ V 1,, — 14 %~ 25

inpu t High

Cui,.nt 1 10? V ee — “ S V V~ , 55  V i mA

input C amp T A - 25” C
t) iode Voitagi V IC 1 in IBmA I S  S

Pow er Supp ly V CC — 5.25 V , C l  InpUts Ut 4 5  V
Curir nu cc CE I CE? , CE3 GNU o utp u ls .‘pen 145 mA

Output L.akdg. OiL v cc — 5.25 V , V 0 — 0.4 s . It ,,, - 4 5  \ ‘ i O
High Imped~snci Stat. 010 V~~ - 5.25 V . V 0 2.4 ‘

~ 
D in 4 5 5  ‘30

Addrest Access rim. 1AA S.. Not. I and Figu,. 6(b) 100

Enj t i. Acc.si I’m. t EA  S.. Not. l and Figu r . 6(c i 45

Enable Recovery Tim. ‘ER Fug ui. 6(d l 3” is

Minimum W r i te Pulie
Width u~~p S~e Note 3 and Figu re 61.1 I 20 ns

Propagation Delay
I o~s lo High IF ro m A WI ‘PLO S.. Not. ,t and F igur e 6)11 i i  Li

Propagation Delay
High io I ,iw IF rom H Wi ‘PHL See Not , 3 and I gun 6(g i ‘ ,f ~

I lie i m i t e r m i . i l  s i s uu . i l  1t1%pec t 55- is ~‘i ’ m i d m m c t e t l  i i i  th e . ss e i i l l ’h s  and p .il kagl . .ii e.i I lie s t . i t i i t i i . i t i o n  b.ik e
t emil l i er . I t t i rc  cs c l u n g ,  , e t i t i  i t l l g ( ’ • i m ii l I i em - mi ie t i1 - i i s  t e s t s  ss ’ie pert or tm’d i t i  the  I - i t s  t u s ’ t i u t i e n t . i h
I . ibom. i t i r r ~ of the ()t i . iI t h , i m i d ReI i ,ihihit ~ -~~s s u l i , I i ,  e I ) e p . I t i i l e I i t  I lie I ’ u t m t l  i m i t es t  • (  ‘ I ( l ot

I IrS bouts  ss .is pe r t or n te~I in the I t f l l’j t t in t M i h i t , t t s  Products 14t . tncl t  of s i R  \ -~ h l i n l e t ni . InI lu i . I

~~~ n t c . i b  I t ’ st 5 were ni .i~I~’ w i t  Ii t lie I I  S~sI .ind N I \ l
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\ t t * . i  s I l c e i l l m i g ,  th e  mi ie I i i om ~ , I e S I 1 ’es ss en’ tr .s t t . ~d i i i  a~’ c t ’ md . i u i , ’e ss it hi Meth od ~‘Ut ) ~ L I I
I S I I ” ~~~~ as speci f ied i i i  t ltt  sl1e~~ h l ~~.i t l O m I  S( 5 “ I  ‘ I i i  s t l i i l I r h i . i m i c e  s s - i t h i  t he  ( . m s l u i I ’  A i t i s p e c t i t i u t

, i t  thi s ’s,’ , l s ’, i i i e t i t s , th e LII ’ .111 ( 1 . 5  t e s t s  l i s t ed  iii  I .ike I h i e m e t i i  s s em e  p em t o t  ti ed at 0 ( 5 2~ ( - amid
‘0 ( -

I u i  ,- i r I l i p lu . i ln ’ L ss O h t h e  ( . i i i u i ~r I t u u u s ~i( ’ s t I I i i l  u t  t h e  • i I r i r s e ihii s i u i i t i i t t s . th e  t , i l I ~rss i i i g  t e s t s  sseR ’
‘ u i , I iu ,  ted

• I I h 1hi ~ si s al d i m i m e i t s i o i t s  of t i e  1’ .m , - k . ige

2 i  Re si s t .i uice to  s i l ls  c i i  t s

I lh ’i id  st i t gt Ii

-Il S~’ l J e i , i I ’ i I i t s

‘ .1  I (‘ .111 i i i t e g m  mt ~

I lie 1 1 ( 1% s i,  . 1 , I i m t i e i t s i t i i i s  o f . i l h  t he  u n i t s  s se te  t i t e . i s m u me , h  , iid t u i u i i , l l i i  he t r I l i h i e r  - ~lsi , b i ’i i , l
s lm ,’ i t e t h i  t e s t s  5 5 , 1 1 ’ s u u , , e s s ! u l h s  pci t o m i i i e l ui m i  t he  t i s e  I i i l i t s  ss I i u , h i , .is pie s  t o m u s l s  i m i e i i t i o i i e , l . sse ie
p u h l ~’~ I t m s ’ i u i  t I i ~’ h i ’ t p i u t i l  t o  ~r .i c k . i g i i i e  \ s  a p .im t ot t he  ( , n n u ~i LI i i i s p e c t i i i t i . the  p.i~’ kagi ’ r e s i s t . i t i , , ’
t o  s,’l ss ’ ii ts s,rI,Iei . t ’ i h i t s  .iiud lead i i i t i ’e m i t s  t e s t s  ss eu  ~

‘ pci ho t  i t i e d .  Si~ u n i t s  ss I ’ m , ’ s u i c , s ’ s s t m u h h ~ tes ted
i n ea~ Ii , ‘t i h i ~’ ’~e t h i s ’ s’ l e s t s

l I e . i l i i m u p  C i l i sl r e st i o t i  s ’ t  \ Iethi~’~l “ OR ) ”  s r I \IlI 511 )55 t e i l u i i m e s  t h i s ’ I o l l o s s i u i t ’ s u h r c i . i u u I r
( s s t ’. h ’ 5’ pet t 5 ’i m elt ~lsir s(io~s ii  is t h e  i i u u i i i l ’ e i  u t  ,I ( 5 ice ’s used i i i  e a ,h i  t e s t

S, l i eu  l i u f )  I I hem mmt . i I  s h i i ’ 1 k , t t i u ’ i s t i l t s ’ i m ’s l s t i m l , ’ s ’ . seal ‘. I )es it -es

p 2 \ ls ’~ I u . i i i u s  uI sl t t ’, L  , s i t ’ ,  t u n i s  s u ’ i i s t . t u t  . i c 5 e h e m . i t u i ’ t i , seal  ‘i I )es tees

S l ’t ’i o p S i l t  . i t m i i u i s p ln ’ i s ’ ‘. I )~‘s is _ s ’ s

S m i I t ’io i p .1 1 l i g h  t e i i l p e t . i t i i m ~~’ s t o i  n.e ‘. l I es ic~’ s

100 ) 0 ) h u i i i i s  i t  I 5 ( 1  ( -

“ i t  h ’t ’i u r i q i  ) pei a t l u g  l i t  L ‘. I les t s , ’ s

100 1(1 h i u i u u ~ s . i t  ‘0 I

• Si ‘ t i  , ‘ II ~ ’ I i  ( )M I I  I

Si i h ’ , ’ i , ’u 1’ ‘ S s s u t , l i i i i , ’ t e s t  u t  I i  ( ‘I l~ es i , s ’s

S , i h ’ , ’ u o i i 1 r  S S s s u t , ’l ~i u i t ’  t e s t  .0 5 )~~( ‘ ‘I l b s ’s ic es

~ t t h i o u i e h i  S i h g i u i i ~is I . t ud  .‘ .il’u ’%s’ m e q u i m i e  i~ i h ~ t h is ’ I IS\I  tIc e h e c t i t c . l t e st  . i t  (1 0 , 2 ” ’ ’ t ’ . u d
i i  I l i i i  s o m u t p l~’ t i u i i i  , t he~ ba se . Isu i t ’eeii tes ted ss t h u  t h e  N h \ t  t~ ’ s s ’t i t s  th es  s , u t t s h ~ t h e  .i,-

Iei ~u i i u ’ t i i e i t I s  l i i i  t l w  m im e t n o i  s . u t  0’ I. ’ , ‘s (
S , ind ‘0’ ( ‘ S u i h i e m u r u m i’  t e s I t l i t s ’s .u 5 is u i~~I t i lspe c t i u ’ i i  outs

, iuid ) m . l s  h’ei ii t ’ i r m ~’hetu ’ui .is hi . i se S i i l ’ e m i i i i p s  h i l l s 1  -‘ I t  is i i u ’t e t l  t h i . u t  S u i h ’ g i  oup s ‘ . i t u h  S at e  t h e m e

i s t ’s. it s i i i  t h e  I ,r oti ~i -‘ t e s t  .111t h t I t u s  hm. i sc  .i lsu i ts ’~’ uu c t r m i i i i l e t e d

- ~~~~~~ -‘~~ - - ‘  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—-‘ ‘—



The devices In Subgroups 4 and 5 are presently under tes t and will complete this 1 000 hour s
omi July 10. At th at time they will be teste d at 0° C , 25°C and 70° C with the HSM and N E M to
det ermin e if they meet the de and ac requirements of th e memory.
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SF(’TION I l l
MANPOWER

a l’he t i i l h osvi i ig  I ’ir Oft ,’SsiO!i.ils ss-orked on th i s  p r o gram u I \1 . um cIt  I 5) ‘ 5 I ,l t u t u e  I t )  
~5 I h e

p ercent age ut t tmne  worked us also shoss ’mu ,

M r. 1’. I . Whelan
I ) r , ( , I . V ar nel l  10- ,
I ) r , J .  t .  Ba rtel t  SO
I ) r ,  K - A. Owens 20-
Dr. J .  Re y nolds SO
t ) r , K.  A - Robb ins  ( ‘omi su l  I an t
Mr. (‘ , U. ~V i m ih or n (‘on st ul t u m i t

i m i  .i~ld t t  io n . I hree te eh n icia n s worked ot i  tI l l ’ program.
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