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iNT RODUCT I ON

N ex t—g1 n e r a ti or .  RA~)AR and EL [i ’~’~ systems arc planned to provide
the f ie ld  comnand ~~r wi th  comprehensive inte] .lite’.ice on the disposi t ion

- 
of enemy \.~e~ i e n ~ ~‘ri d ci ect r on i .cs  equ ipmen t . UI  t r a —comp act  s ignal  proc-
essors ~.‘~ th t . i iç rcce dcm t~~d capab i l it i e s  arc the hear t  of thesc  systems .
J a br icat io n  of t h e  r equ i rcd  h.t g h — d e n ~ i ty  integra t:ed c ircu iL~; ( IC ’s ),
with  eJ~ -~r e u t c  in the r~i~~ron to submic :on  range , is beyond t lu~ r e so lt i —

____ t ion  1 i~i i t  of s t a t e - - o f — t h e— a r t  oet ic~~1 photo l ithogr aphy . E lect rons
with  10— 20 key encr~~ie~ can be a c c u r a t e l y  focused to bean diameters
much less  than  ;i r~e cron.  E l e c t r o n —  cmii i ith o~;rap hv (EEL) meets  the
p roj cc t~ d r e s o l u tio n  r e q u i r c l ~cnts , and is expe ct ed  to he a key tech—

___ 
nology for  the  production of sop h i s t i c a t e d  new d ig i t a l  COUiiflUfllCfltj oflS
systems for  the Am y .

C_, Like the ph o t ol i t h o g r a phic IC product ion  technique , EBL is also

~~~~ 
t o t a l l y  dep en d ent :  upon or~-~ n ic  pc’~ ymer r esis t s  fo r  p a t t e r n  d el i n ea t ion .

~~~~ 
In FBL prcce ss iog ,  a 5 , 00C4 O , 000 A resist  f i lm  is S~~Ufl onto t in I f lOfl (

l i th i c  IC su h s t  Ict . IC pa t t e rn s  are  t h e n  w r i t t e n  into t h e  resis t  w i t h
the I lee] y focused  e lec t ron  benm .  E—bcam ir r a d i  at ion due i~~ mec or in—
creases t h e  ru & i s t  m o l e c u l a r  weight : , which , in t u r n , increases er de—
crcascs the d f ssoiul  ion r u t e  r e l a t iv  to the  un ir r a d i at e d  por t i on  of
the  resist  l ay e r .  When t he  i rradiated resis t  patt :er n d isso~ vcs at a
fa s t e r  rate , ii t i - ~it ~n t e d  image is fo rmed , and the  r ct i  St i s  t c r i ’~cd a

— pos~ t iVe ac t i  n~ rcsi st  (s~~ ;‘ ~;nrv  I ) I I the  opp i i s i .Le ( ‘CCu) s , the
st i s  t o n e d  to be n e g a t i v e  in func t ion  (sue F ig u re  2 ) .

• E c o n o m i c a l  Fdi .  p r o d u c t i o n  h inges  upon the r esist  s e n s i t i v i t y ,
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Figure 1. Scanning electron rnicro grQph of dev eloped electron—beam
etched lines in poly(mcthy l methacry late).
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Figure 2. Scanning electron micrograph of developed electron—beam
etched lines n poly(alpha—chloroacrylonitrlle) .
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wh I cli governs t h e  elec t ron w r i t i n g  I itne per w a f e r .  Thu obj (‘CL ly e  of
our  work  is  a sot of Son s i t  lye r t s i  st w i t  II v a r y  lug  p r op e rt  i us for
t lu p roduc t lou of n e x t — g  ln ra t ion Iu . i gh — p e r  fo rnua a~ o ml ]  i t  ar y  I C  dev i ecu .
E ar l y  e f f o r t s  in  t h i s  t i c  lun u l  & g icu 1 a rea have been l a r g e l y  based upon
t h e  a v a ij a b i  l i l y  of C OIIIInOrC l a l  p o l v : u c r u .  in this work , we app l y b a s i c
r ad l a  t I on—ch ew i st r y  pr I iue h p 1 es , which  wore  m o n  or less di  I og ;Ird ed
p r e v i o u s]  y , t o  dev i se  and develop h i g l l — m c n l t :  p o ivI .u ( r n c ;  i ~ t

R M ) T M I O N  EFi E C 1S  AND lA S U } F: EN T TECII N I QUE S

When a po I yre r r e s ist  is i r r ;id i .u  ted  I n— v acu o  w I t h  10—20 keV ( 1  e c —
t rons  (or e q u i va l e n t  g a m n l : I — i  r r ad  i a t i o m l )  , bo th  c he mi c a l  and p h y s i c a l
change s  occur  . F I ns t , t h pel yme r mu .] ocular  we ight  changes  due  to
b o n d — s c i s s i o n  or c r o s s l i n k i ng .

Changes in numb er—aver aged  iso ] o c u l a r  weight  , , obey t h e
equa t ion :  ( I )

= + ~G _ C
] 

D / l O O  N
A 

( 1)

where C5 and (~~ a re  t h e  r a d i a t i o n  sci s s ion  and c ross i ink ii ig  y i e l d s  per
100 eV absorbed dose , N1~ Avogodro ‘s nunubc r , and 1 ) t  he rod [at ion dose.
S i m i l a r ly ,  the w e i g ht— a v e r a g e d  molecu l  ~r weight , M~ , fo l  lows the
e q u a t i o n :  (2)

il l 
= il l 

+ ft —‘IC 1 D/2 00 N (2)
W ~~~~ L 5  ~j  A

Thus if (N ’) and (N ’) are fo l  I o~ ed as a f u n c t i o n  of dose , (~~ and (~~
may be ob t 3 in c d  f rom t :he slop t s of the t eo independen t  du t e n n i n at .  t an s
Values  of M n a r e  u sual l y ob ta ined  by membrane  o smomn et ry  , w h i l e  M~ Is
o b ta i ne d  by ci 11c r gel perne . i  ion ch i ro ina t ogr ; iphy  (3) or 11 ght scat  I er—

lug t e c h n i ques (3) . For c;~ p r e d o m in a n t  the r es i s t  is l)osit  i v e ;  f o r
C~ , n e g a t i ve .

When i)o 1)~ncr s  und ergo r a d ia l  i o n — i  udne  ed ma i n— ohio  in se i s~; I ens , t he
fo rma t  ion  of I ree r a d i c al s  is a c on s eq uen c e .  Uuid i r c e r t a i n  ( 011 ( 111 1 )55
SomO of these  rat!  i.cu1 .s ar e  St . ibl  ~ el leug il to be observed by e lec t  ron
pa r a u s ig nut i c  r e  sonaru c e techni ques (4)  . As in so iss i  on and c r e s s —
l i n k i n g  r o d . iu t  ion processes , ra~l i a t  lon— sc i ssi on r a d i c a l  vol ~es , C( r a d s ) ,
can be n i c a u t u r e d  . Po lymers  w i t h  h i gh C( r a d s )  ar e  also found to have

- 
1 1’. I (,~ ~x ~~~~ 

(‘.~~ (4 •

The last te e hn l  quo , but  most imp or t  a n t  to ci L o t r o n  u -c s i ;  t r e —
• searchers , is t h e  d irc’c t u— b e a m  sons i t  I vi ty  (Q) method . Q I s t h e  t o ta l

absorbed e—b uam dose In t oul onib s/ cm ’- and is  meaSu rod by s c a n n i ng

I
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ci cot  ron nu ic  roscopy t c c i u n i ques .  Fur  0 ~~~ ~t ly e  r es i st  , Q is de l i  ned
as the  dose at wiu i  ( ‘11 )0~. of t h e  umue xpo s e d  I t s  I st Is  removed d u r i n g  de—
ye I up meiu t  f o r  comp L et  e dl  sse I u t  i on  of t h e  I r ru d  i a t  i d  h u m  pat  t e r n  a
Tills IS a l so  e q u i v a l en t  to a d i s so l u t I o n  l u t e  r a t i o , d 1 1  r~eh i a t e d I
dun Ir r ad  t ~~ (6) , ol 5. For a negat  lv ( resist  , Q Is d c l  i ned as the
dose a t  wil ic h -u 50% t h i c k nes s  of I r r u d  j u t  ed r t a ;  i St rena ins  f o l  l o w  I II ~~

t o t a l  dcv elct pnuent  d I s se lut  ion of t he  umiexp oscd resist p er t i o i i .

Al 1. of the  t e c i l n i q u e s  ci iscussed a i s u v t  c rc  capa l  I t  e~ IIIQOSur i ng
ti le ra ( l  I a t  ion degr ;eLi t  .i on or c ou r s  I I nk  i ug sU sCep t  ib .i l i t  v of a po I vsur r
r e s ist  evu  I ems . T u e  I ndep ( ’nd ent  C v a l ue s  have b~ i ii f ound  to be wel 1
c o r r e lat ed  ( 7 ) .

POLYMER RESIST STRATE GY

B e f o r e  d i r e c t l y  t e s t i n g  .1 polymer  as a p r c d c t er m i ~e 1  type  of a re—
sist , an ~ì oduous 0111! t I m e — c o n s u m i n g  t a sk , the  r a d i a t I o n  b e h av i o r  of
tha t  pol ymer shou ld  be reviewed 1 f it  has been p r ev iousl y inves t  i t: a t
If it h asmu ’ t been s tud  lcd  at t h e  has ic  level  , i t  is p r ob a b l y  t i m e —
e f f I c i e n t  to do one or m ore  of t h e  m n e a s u r e m u e : u t s  d e s c r i b e d  in  R a d i a t  ion
F f fe c t s  and Measurement  Techn iques , than to  proceed to  d i re ct  t e s t  j u g .
Th uis  Is , iii  f a c t , how r e s i s t  r e se ar c h  at ETM)i is c a r r i e d  out . T h e
basis f o r  severa l  of  t h e  c—beam res I st:s u t i  i i  ::ed t o day  t : i I1  be found i ti
tile b a si c  pol ymer r a d i a t i o n  c hem i s t r y  P : I t r ~; p u b l i s h e d  b e t  ~ eeui 1958
and 1973.

W a l l  (8) and N i l  h r  et ;ui  (9)  observed V c r \  c a l l )’ t ha t  v i ny l  poi v -

iners of t h e  f o r m  —( C !l~~— C (N ) Y.)—, where  N nor  Y is iu y d rogen , degrad e  pie I —

erent  [a l l y when su bj  t o t  e)  to i on i lu g  r a d i a t i  on in  vacuo . Po I y nuc ’t hy  I
mu t h a c r v . l a t c  (PNNA ) ~~C l i a — C ( C 1 l 3 ) t ~0 ( i l ~~~

—, a I i g h- r i s o l u t  ion  p e s t  t iv e  e—
beam res l i t  , is an e x a m p l e ;  PM~1A las a C~. va)  we of 1 . 3 (10)  , a C~
v a l u e  of zero ( 1 1) ,  a C(C O7 C II 1) of 1 . 0  ( 1 2 ) ,  and Q Is 5x10~~ C/ cm 2 ( i i ) .
Al th i ugil  I’NNA is cap a b l e  of h i g h r e s o l u t i o n , i t s  S( l 1 Si t  lvi  ty Q i s  t o o
low fo r  conmucric al  Ut : i i i  c a t i o n  In  EEL . P

Our a p p r o a c h  to the  deve lopment  of a more sc iusi t  i\ ’ e p o s i t  i ye re-
sist is  to rc~L a iu  the  b a s i c  known d e gr a d i n g  s rr u e t :u r a l  u n i t  —~C l i - , — C ( X ) Y }
but  to r e p la c e  t h e  X or Y g roup  ( e . g .  , CU 3 f o r  h’MM1\ ) . By subst  i t u l i n g
e lec t  r o n — w i  t h dr a wi .n g  or o h  cc ~ l e n gat  ive g roups  at  X or \• we hoped t o
Weaken ( l i e  energy  r i q m u  I rod f o r  d e g i a d : i  1:11)11 and t o inc  reuse r t s  I t c ii—
s i t i v i t y .  T h i s  e f f e c t  i s  foun i e x p e r i m e n t a l  l v  f o r  mol ~~~m u l a r L ’ I g m n i c u . .
The C—C bout! energy  in  C11 3 -— C O—C. ) ( ‘1l~ , f o r  e x u u m p l  c’ , Is 60 kca  I i’moi e
compa red t c 83 kca .1 / m u . t t for  hI 3 C— ClI ~ ; t lie e l  eel. r onegat  iv c oxygen SLII) -
st I t i l ent  On the  carbons i eihme ~ t h c—c h ’onil e n t i g  by 287

:‘
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I - u i  low I lug t h i s  pol ymer  se lec t [&i i t  c r i t e r i on , f o u r  hasi  c v i n y l
p olv ;i :er : , ~~O I y (Ot t i s le  i v i  en i I r i l e )  ( I M C ~~) —( ( 11 2 — C ( C 1 1 3 ) ~~~ pci v (we t  hy l
al p h a —  ; h I rea r~’ L i t  e) ( i ’MCA ) ~~~t L — C ( c l  )C t ) a ( 11 3)— , r o p o l y m u i e r  h ’ ( N C A — c o — M N A ) ,
and ceu n I ~uue r I’ (~IC~’. — : o - - > t A ) , have  be en St tu d I ed a t  t I n bus ic l e v e l
P NCN i t  pr~~~cm ) t ii a sui)st I t o t  i ’ui ( i t  t lie Y subst  I t uc iu t  wi t h u  a u ci u t  c on —
w i t h m d r ; : i  rig c v . u u i o  ( cu )  g r o u p  and  I NC A r ep r e se n t s  a su l i s t  i t  ut  J o m u  of I iii-
r iot l i v !  (Cl ! 3)  gr up a t X w i t  It e I Cct ro i l eg ;u t  ly e  ciii  on no ( C l )  . I n  add i—

I O U , i c I  v ( i s o I ~ i t v  I m a c t h a c r ~’l a t  e — [Chl - C ( C h i ~~ C O 2 C l l ( C 1 I - 1) a ~- W il S  51  u d i t ’d
to d i t  t i  min e t i  - i  f e e t  of t l i i  b u l k y e u ; t  er a l kyl g r o u p ;  pci  y (a i p h i a —
h y d l  xv i sobut  ~ r 1 t  to  iii ) — f C ( C l l  t )  : —C00) — w e ;  s i l  ect ed  am id s tu d i  t t I  to
deter::; in c  i t  h u e  p0] v e s t  i l  u n i t  ~fC0O4~ cu rl! m e d  w i t  hi t i l L  wel .l — k u m ’wiu
degr ud I n~ qua t i r e i v  ca rbon  un i t  ~*C (C hI 3 ) v )— , cool d enhu t m i ce  (~~; or
Q Ov er t I i i i ;e v i  ues of I~~~tA r e f e r e n c e .  R e s u l t s  of these b a s i c  r ad I a —
t i on  u , t t m d i e s  a r e  found i n  T a b l e  I .

I ’M C A arid P (N CA— c o— MNA ) a r c  seen to be 2—4 X more su scep t i b l e  to
r a dia l  ion d cg radar ion t ban P~IMA (14 )  . Higher  rod f a t  ion ii egr ad  i t  i o n
SUSce 1 t ib i  l i t ) ’  is a I so observed for  l’M CN ( 1  5) and P ( N C N — c o — M C A )
D i r e ct  c - l e a n  t cot  L ug is w ar r a n t e d  for  a l l  th ese S y st e m s .  in con-
t rast  , poi y ( a l p h i a — h y d roxy  i s ob u ty r i c  ac id )  (16)  and po.i y (1 sohut  I
met l s m c m - v  I i t  e ( 1 7 )  w er e  f o u n d  to be I iss  s u s c e p t i b l e  to r m l i a t  ion
dc-g r ; id ; i t  ion t han  I ’MM A , and c—beam test lug was not war ran ted .

S in: i b r  b a s i c  r ad i a t ion  c tu d i c s  of p o s i t i v e  r e s ist s  pol y ( b u t e n e —
l—s u i  f~~o - )  ( 1 8 )  , pol v ( i s oh u t y lcne)  (10 )  , and poi y (u i p l u a — n i e L h i y l  s t y —
r c n o )  (20)  w er e  tilt ) f o u n d : i t  loui s f o r  several  of the r esults  l i n t  0(1 In
Tabl e 1.

E—B EAN RESIST ‘]‘ESTIN(’~ RE SUl TS

Posi t ive  R e s i s t s

N e g a t i v e  c — b e a m  r e s i s ts  iiossess l ower  i n t r i n s i c  r e s o l u t i o n  capa-
b i l i ty  th a n  p s  i t  ly e  r e s I s t s ;  t h er e f o r e , t h e  E’I l)I r e s i s t :  p r o g u a n  has
de a l t  m a i n l y  w it  hi pos I ti \‘e res l o t  c i u V e J o p u l l e i i t  excep t  fo r  out ’ sy s—
tern (cc  ~~~g;l l i v e  fles 1st Sect i c u t )  . In add i t  ion  • miega  t I vc’ r i - s i c  t ii cx—
h~ b i t  st r i n g e r  t e n d e n c ie s  to swell d u r i n g  deve lopment  p r o ce s si n g ,
w l i i e h i  t e n d s  t o  l e d  to brid ging  of w r i t t e n  f ea t u r e s  and r e s i st  d i  o t o r —
t louis ( d l )  . U t - i l I ‘ :1 t ion of rmeg l l i ve  res i n t o  f o r  d i r e c t — w r i t  e i —b e am
lit h i t i g r a p h ”  in t h u e sub m ic ron  domain  w i l l  probab]  y be e x c l u d e d .

F o l l o w I n g  our  b : i s i t :  r a d i a t i o n  s t u d  i - c  where  L i g h t e r  C \ ‘a iuucc  Wi FO
Ob!u e lVe i !  f o r  PMCA versus PMMi\ r e f e r en c e  ( 1 4)  , we d e t e r m i n e d  I i i ; I i NCA
func I i ‘ii L d  a S a m er e  sem is i liv  pos I t I vi m c  u-u i or (2 :’ ) t han I’~iNA . I n —
fo r nu a  I t o l l  ;m h o r a t  I on w I iii  Ti - x i s  In s t  r u m e n t  s (TI ) g~ oti p wo rking under
ECOM i l i t  i~~l u t ~1) 1\M;o ;— 75 — c—1 2~J 7 J ed t o f u r t h e r  t e s t  i ng of PNCA ; 1’]

1

_____________________________ - -  - ~~~~~~~~~ ~~~~~~~~~~ — a - - -- -- —
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