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INTRODU CT ION

Silicon integrated circuit fabrication is h eavily dependent upon the selective etching of thin
dielectr ic and conductor IlIms. This is accomp lished by protecting t he areas which do not require
reInliva l with a polymer tlhn. termed a resist. The resist is patterned by .ihtcring its soluhility by
exposing it wit h energetic irradiation and subsequently dissolving (developing) the unwanted areas of the
polymer. A resist t hat becomes less soluble after irradiation is defined as a negative resist , and,
converse ly, if t he soluhility increases it is denoted a positive resist.

Photolithograp hy is a process present ly used to fabricate most microe lectronic devices. This
tec hnique. uti l i/ViIIg flood exposure through a m ask carrying the designated pattern , requires a few
minutes wit h a rather inexpensive exposure system Due to the long wavelengths that are employed
(3000 to 4000 A) and oilier optical and process limitations, features of 2 to 4 pm are the smallest tha t
can he readil y delineated.

Requirements for devices with faster switc hing frequencies and highei packing densities have
created a need for higher reso lution patterns (< 1.0 pm). accompanied with higher yields. Pattern
delineation using a focuse d beam of electrons has been shown to be a usefu l technique for producing
features ~f less than 1000 A (References 1-4). Since the late 1960s electron Iitho~~aphy has gained rapid
acceptance as a tec hnique of great potentia l for fabricating large scale , high resolution , integrate d
cir cuits. Advantages other than high resolution offered by electron litho~~ap hy are direct computer
controlled pattern generation , precise line width control of conventiona l size features (useful in
master-mask production), and lower defects in the finished product.

It is apparent that , for eit her scanning or projection electron lithography to be fruitful, families of
both positive and negative electron resists must be available with propert ies designed to maximize
advantage s offered by t his new technology.

BASIC CONCEPT S AND THEORETICAL ASPECT S OF
ELECTRON RESIST DESiGN

V 

POSITIVE AND NEGATIVE RESISTS , GENERAL DEFINITION

IlighI polymers undergo physical and chemical change under loni/at ion radiation. The most
impo rtant fact pertaining to t heir use as resists is that both crosslinking and scissIon of polymer chains
occur. In many cases one dominates the other , and a polymer eit her crosshinks or degrades . depending
on its nature. W hen a crosslink ing polymer film that is coated on a surface is exposed selectivel y to an
electron beam , the irradiated portion crosshnks. With a sutftc ieni dose the crossl inked polymer forms a
t liree-dimensioiiah network , its molecular weight increases , and it becomes insoluble in the usual solvent
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on t lm.~t ll’ IS iic ~ . I lie t ihin eaii he “Lies t lm ’ p~d t)5 iillhlil_’i 5iIif ~ It Ill t i ..’ st i I5 L’IIl Iii dissm .Ise .iw. is t h e

uiies ps scd polS It lt ’t tiliii _ I ems I t l t ~ P t l i lce—thillleiisit lIOll i leiwlIl k mtl  liii ’ t,ii ~ 11C r III the es i lusemI j tc a.  -\

I m ’ssll l lk :i lg P0l\ IhiCI IS .1 III e,ltIst ’ .‘ll ’m.liIiI t 11. 5151 i t  t l i~’ l . lm ms s I I I I k t mI p~~lyliIeI I s L i i iat f i . ’t iC d bs ih ie m l ~ lIillg

M)Itl ilIlil .

When .i deeI:mdllle ~~‘ ls 110 1 111111 Is exil l Ist l i  t Il all elti 111111  I~i’,iiii _ ij t it ht m tt i  S& ISSIOII t Ill. Ills atid the
.mseI . Io1 - IlI llet LIllI s0.IOllt ) I t l . I L’ I5t S , I Ill.’ 1.ICI~T :IdL’d i1m1l ~ 

1111. 1 lO IS m i l ss ,m ls t  III 1 sm tl s e i l l  in whi~li t h e

mlrleiih:il pm m IS lION IS Ill’ . s.t i iiblc_ I )i i iiii g dt velopliielit I lie 1.5 P ’ ~
1 1dm Is 5¼.lslI t ’mI aw as  leasing the

lillexpilsed ti lt it ~~Il lilt’ Si l l  I_ I l l . .  It he .llI~~il l_ l l  P’’i~ IlIt I iS i it i:i lteiiet l l~ ihie ..‘tcliing solution. t h e

polymer  is a ~ osi I Is  It ’sisi -

i lic be havior mI t  lShI Yl1ii’i du ring iir :ldij timlil call of ten he prL.dktet i  11(1 111 tIl t.’ st I l i ctu ic  of the

ltlilIiiIlllCI unI t in ili..’ pIllyIl te r (R& - l& ’Ience S )  The general rule IS that if tIle caihoii ;lioiiis in the

111:1111 chains m ml t i l t  polylliei ear l s  a t k_ ps i ott e itvdiogeti ati l l i l.  t h e  11111% OCt 55111 c Im l ~ sIiilk upon

ii m .idiai toil. II .i tel  masu ibs i  Ii iilCd carbon at 001 I:; PreSeiil Ill l ie  liohliolt iel 01111 . the pol~’tner lends to

deg;.ide.

( ; LV&s S IRANSITION TEMPLR ~TURF

.\ii IIlIp..llulIit el i l I,It l tI st it. ot p pol iiier IS I t s  el: pss t l , t I lSi tiOiI  le t l lpe lat l l re.  1g. \I),~5~ this
It’l i iperat lire t i l t ’ i)t1I~ Iliei Cll:iliIs caii su ds’ oset L’iic l l .11 liii aiid I lIe pol oier becomes so f t , pliable, and

I llhber—hi kC . l~cIuss Ibis t1.’t l lpelat uR’ t he atoms cail 111 11% v i b ra te  about I hell Ctj( i il i i) l  111111 positions at fixed
mIISI : I l l teS 1111111 eathi other. In this case t h e  chains cannot slIde 110. 1 eac h lPIIiei . .ind the IxIl Y litem
becunies h ard , bu ilt Ii’. a t t d e~I:i cs - I Ike . 1 )ndet sI iCss a polyiiit’l Li..’ toi Ills 1.1 SI Is at t etl i peral ore T abose It. ’
\n exposed and developed 111 111 svill t - hiatigi ’ i t s  shape It It 11:15 SP P Il lC IL ’shtIl.II 5111. 55 . will not liiali i t a i i i  I t s

sfi’Il lii tt oli , .in..l will l I m O be suitab le for h i gh i esoht itli lii app lic:it ioiis Refele l l1-e 2). Such loss of reso hutioti

tine to c ieej l  iii a Iut~IS IIICI 111111 iitas be Inhlilihil/ed I)\ ~)rei)aki iig ilte coated 111111 j t  .1 lcrllp..’ l a t u m t ’ ,hl~m OC

i~ to elli5 t h e  st les s  ete ated iii t he Ilhni doting ci):llhiIg and hs stori ng the filiti at a tc t upe ratu ie helo~
i~ In des- c ip! piiic in C \ Pse ml pm oi l IV e t e sisI not oil lv I lie po lv ntcr Ira gtt~ ’n Is iii il ie C \ posed a i e.i will he
re h o  w~d . I) iii a 1511 Si ii lie SF101 11cr inolecu les in t lii’ one x posed at ea ( Re fe te  lice 0). If t lie development is

~ Ci t i l l  m e d  It a t s’nipeiai Lire ~~~~ it. ’. this Will increase I be prmPl)iil) I III V i t t ’ pitt hok’ f~urtnat 1(111. I Inwever ,
li~It.ss I~’ t i le  1(11% IIk’I cil a lils caiiiil )l shid~ a hone eac h 01 Ilel - :iiid sma ll in.~let ’ i i lcsa ie not eas i is ext r acted ,

beIng I ield r m i s  h mll ill.’ I Ill mdccli Ii’s. Si in ila r i \V , if au cx pose d i~e~;i live I C51 st Is  developed at ten) pera tnt c
a h. 1St . ’  J~’ - so iiie snia Ii I ilrCC-d llUCiiSlo ia I ltd WOl k s 11 1 :1 V be C S t i  .1 t I  tm I  .1 5’, .1% Iii IS C 511 ,1 t i l t  ‘n svtI I be muc-hi
less hikels it the Olin Is developed at a tt’IiipCi am m i i i ’ below ic -\ te l  ilcvciopliueiit . bolt’s in

thIsc o i l l lh i l l i l iCs 1101% be lml tnwt l  in t h e  film and along t hit ’ edge ot t i le ..lcse k .pe mt flhi t~ s.it -~ited bs t he
Ii acted m olecules . l 1ILSs ’ tioks itias be closed it t lie tLimn Is baked lit _ I icut ipera t liii ’ .ih~ se ‘:c.

iheic to re . a lt ’Sl” i OlIn Sli i l I i lmf be plebaked It / ~~‘ i c .  exposed ,lilLl d~~t Im ~p~ti at / V  
~ i .e. pmlstba ked .11

1 - iC. .111( 1 sOl IC It a t 1 < it.’ \s  ( t ic les lsi is liSUlihI% prm t tes s ed and siii ietl at 1150111 te i i ipdtat I l le . ‘ Vt.’ 01

Ilic i”’~ 
Ilit I 1111151 t~’ ,lI’l’’m m ’ 1,10111 Ielt ipet; It l l re . plef t ’I lhJv .ihm~~m’ ISO K .-\IliilnC polv ineis that . ltC

known It) 111551111k or t lt.’gia dt’ 1)5 St OSIOl I . toil’ , a tess have r..’asillia llly ilIglI glass li.iIls Il ion lcnipt’ial toe.
r u e  iuuni hc i ot pohy utiel  s I fiat tal l  he u sed as hig h resoh iit ion t..’sIst S IS I hicie hote II I lm I limited.

RAI)IAT ION ( ‘ H IMI( ’A L IIFI’ICII N(’Y

I h i t  11 1 115 t f~m i .11’ l I s imI  Ill iiiduit.’e cbcnilcal IC. IL t Im l l l s  ill ICSI’i l iiialCl 1,115 11,151 ’ l l I l t l m t I C mts ~I
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lhmi i t i sa i isl s ill i llll C s tilml t i. ’ Cildi ~~\ 1111111 Ihilit 1lssm l~~ia tcd  st i t I l  si lClI l l~ ,ih loli lmIs . I Ill. ~‘lecurili i-s - bmClIlIt -aI hotid
i lu t e l a c t u t t l m  is 111115 5l )l i il5’ , f la l i i t l l ls I )et .’ ih lC and 11(11 ‘ i i i tt l l, :il1ahuLot ls I t i  I h I m m I t I t hmenut,m l rea ctions utihiicd
ill pIlot oh lii ~t’ a ph~ - I ‘.s .i b~ iiid iii a poiy t i i~~ t Ima t is exposed to S .000 to  20 ,000 elect r Ifl volts is
5LISs C p III)ht.’ i t t  uea l ra nge l l i er l l  om dcst ruu ion . :miid the ladlati tl i l shlei t l i s t l  is far more complicated in
t el His of pi edict lug s p e e t t i c  i i lc c ha n ms l i is . [lie bcst appulacll is  I Imat developed by (‘harlesby (Reference
7) w here overall ch ie : im icah Ci fee ls are discussed ill terms i)t “G ’’ values (radial ion ch em ica l ef h iciency)
w luichi are not Lie peiidc .‘ mill ally specif ic detailed ineiltali lsi tiS. Two iCac I l t I l iS  of inte l est t hat ma occur.
cross lmnk ing a t ld/  m l  s il l Ill s t iSs I  .ti. Ire CII I act eri /s ’sh 1> I be p:i ma Ilie tci s Gst.ission t~ ( ~ I I ( IF 

~“crosslinkirig( G(t)) .  defined as Ill ’ llu lli her of c rosshiti ks toriiicd or elm -am o s broken per 100 electron volts of energy
absorbed Both scission and ciossllilkllig occur s ll t m uh ta lleo ushs at va rs ing Rites i l l  ever y polymer system
under going i rrad mat i t in lot a nega t we resist . G( eb si m m mId be as large :IS ~OS5l ble Iom the highest sensitivity
aiid (;(~ I .1 11)111 llll Ulii (or I he highlest cont rlist . ( ot uve rse l> . ho~ a posi live les Ism (~ .s I sh ould be m axi m um
aiid G( e I a m mm i it nui n (.~ sa hues were ml bta nied wit II cit he r  ga niliia.ray iii Ml- \‘ ehect ron iriadiutions on

hulk saiuiphcs . hlat iakis and Ting (Rete reiiee S) ds’sc rihcd a W ay to  dete riiii ii c t h e G value for positive
resist film under t spica l electron microtabri catitin conditioiis.

ELEC TRON SCATTEIUNG

.\l thiilughi ek- 5- t t o i i  hs’.lllIs tit t’a sm ~iiable c u lrelut  delIsli) cati he hocused easIl y to diatm’ters 01 less
than 0th pIll . ltI.I\Ittli itl l lCsil lLIt l i l I l  Is SCldt.ilil reah itt.’J i l l  p iac i i s e  beca use oh election scattering both
rum t lie subst ra t s ’ a lid Ill I he i esist ( Reference 9). Wfteti au elect isiii bean) ente rs a thin polym e r film on

a substrate . elect rolls lose el lCrgs m s they ulldCigo ela s t I C and ine lastic coil is iomis . During these processes .
ill hcu quanta 0$ et ieigs lire produced ( Reherciice 10): ss’eom idaiy amid backseattered electrons , amid X - m a v s
and Ihernial s’mis’t~ s - . l h f  o f  s.. hiich can resuli in cluct iiica l reactions . It is t h e  1111111 distribution f all fhrms
mit enel gs us _i f um ue - t I ’ll of tt ~c_ iIion f rom tile pr im ary heat h t h a t  becom es an lnlpiirtant paralneter when
IlIglI reso lution e leci 1(511 lit hiiigr:m (ill IS ciiiuside red . Alt Iloughl backseat I eriuig trot )) the substrate
ct)nt ribuites to limit ’ broaste Ili hg .  pa lilt mila i Is wit lm subst rate s of lllglm at tonic l iumber such as Ni , W . or Au
I Reference It ). u t  equal tIIi po r t a i l ~~e Ire inela st mca ll> s~-at te re d eles t rims which create a flux of electrons

essentially perpendlclllar to t h e  prium ia r> bea lt i ( Rehe ret ices I l - I  3) . iwo fac tors  are imnportant in 
V

determining the effect oh t h e s e  scat tered t’le~’i rsi ns l u st . th e m a t e  at w h ich the electron loses emlergv
(dV/dZ); and seclllid . t lie elect ron current at ever s point in the resist. Some additive function of t hese
two tactors describes their effect on a polymer res ist at ans distance troiii the prim ary beam ( References
4 aiid IS). lleilk ’ilrelCh i ci al ( Referemice I 3) develope d a dept li—dose model flu I lie peuiet rat itIrl Of

cicct rons i t t  a t h im n pol>t ne t  film on II subs t ra te .  Tlleir IliodCl Is used to so mr t. ’ late the e f f e c t s  of ’

:Icce kratll ig volt age . resist ihiick iis ’cs . resist sei ls ll l s - It S - 111111 cml i l t ras t  mill IeSmlltl t iti l l. Ihie 1)1(11 oh film
t hm mckne ss iemainii ig as a tumi d ion of log dose . ex prcssetl in (~ ctn 2 is ref ’ei red to as the thi ic kiless-dose
curve for a liegatt ve lesI st and cllara dts ’ritcs t Ile response of the resist to elect ron Irrad latmon . The plot of
fl liii th iicki iess removed as a f’unction of log dose is referred to as the t l i ick l less-dmlse curve for a posit ive

resis t .  
V

ELECTRON RESIST I )E SIGN

Iii destgtl i lig au e leei it i l t  lesm s l  , it is ifliportant It) IillthCrSt1iiid % . Ihmt l l I s  ilfIs sica h and chieiiitca h
pio pe r it ’  °~ -a pol>~1~e’u t I l l  mi lt i l l late resist perforlii.it ice in term s m t l  lit..’ s pecif ic requiiements for an
CII’S I ri Ill r t’sm s I V

--..- - .- -.- -.-~~~~. ---- ---~~- - - — - V.-~~~~~~~ - - ---- ~~~~--,— -~~~~--— - - -V -~~~~~~~~~~~~~ , - --~~~~~~ -. - - V . -~~~~~~~~~



- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ 

- ‘ ‘-  - -

Sen%itiv it S
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Ills’ l l m ’s m s s . l IS m flI I l i l m al i t s ~
,m

~~i i s t  it l Ills’ iesist . Ilk’ I1Cds5 ~~Il \  ICsIs i t C \ p m l l l \ t  is lIs lua lls a tai t l i l l l l

l s ’IlhIt:l i l t l t i  Ill thu s ’ mIC se lml ’ iesi It s l s i  p a t t c t m u  Il l  time ‘‘ tll 1 111.11 pl i t t e t l l  specifi ed ii> tIme lit 1111 mtCSIg t l l ’m - I lIt
selm” l t I 5 l t V  lt ’s lIilht.’tl t I l  .111 ~. lc1 m t t ’ lu  i ss l s i  will depen..h t ill t Ile app hie- at io mi .111( 1 is pe of 55V 1 i l l mmg  mUlIdl i luil. ’ t o

i.e use d. h1lo lect uo lu  s~~s . l l t s  ICt i l l I l t ’ Im l \ ’ , t I  se t lsm t iS I t s  l i i l l it I  la l s  thami 5t , l t i t l Ih l l~ sVs t t ’t I iS .  l - t . m scanning

5% sk I l ls  It m s sheni cml 111 ,11 I II ,,NSI I  5 1 1 %  l i i  be i lit’ Iiniit llIi~ t ,idto i t h u  S5 l I t  P lO speed. Se mi smt Is- Il data t m l m

bolim t le mz at 15 c amid m ’s u i 1st ’ I ss u s l s  1111151 mmi s hui ds’ I t S t s l  t liickllt’s’ ltt ’ t t i m t ’ h u l l .1 I t e m  development . hieaiii

~ice e Ieuat ung 1.1 111 .Igt . t t e ’Qehi lpe m i ilt iage uesoliit 11111 . t hes-eh o pet solut loll . ,iilsh mf ese lo pntemit  I ui m ie_ I- led It lI l

im isl u it ed mC: I t t lm l t l s  (It P°1> llit.’is .m t e hlilliSpt’Ci t l t it ilh s in i ui ai to  t h ie i mm ia l l v  lmlduccd I C h i t t l i m i l s . Ii Ita s heemi
Illulm isI 111:11 lt i t ’ri mi .il m~~S ls I  st’ I i s l t i s h t %  IS gs’t is’rllIl\ pro lsl ruit lmlal It) dICett i l l I  ‘t Iusli l l  l It  I Ke lemet ice 10) . _ i i i m t

lis ’ mis e P°l’ 1105 s s i u l t  hleg hI m.lt’cit i l t) sehis i l ls - I h ieS 11111% h ave low t h ie m umi al  s ta b i l l i les . l11115 . m t s l S t 5  W i t h

sOis it IS It m ’s gu s _ l i eu  111:111 .I~1pmo\im i ih ihe’h> l0~~ ( t im i 2 temi d t t l  lie t h e m  mm tal ls -  nmistable amid lead to
t h u l t l t ’llltlt.’s Ill prep,iI,illoli . anti j l I l l t s ’ssi l i g l t 515 t 5  wit h W t lS u i l V h t I s ’s less t h iaim :Ippro\umuelie lv 1(1 ~‘ (‘ -cmn 2

hi ri’ 111)1 gei iet ;I ItS \ t l l s i i  l5 C emlilt ig il.

(ont rast

( 1 1 1 1 11 .isl Is .1 l tm s ’,l sul te I sIl mI l Ist  mi f a ls ’sis l t m l  Input dose. hltiZil d t t t i t i . l s l  s-aliie ’ mIllie’s
V I I  5 1,1111th ji.ioi:&- s 10 1 1 S i S l  II I~- t s  I l l  illput dose_ [hut’ tilul liasi  shlluie IS 11510111’, take li as

t Ile slope m t  t h e  t i l l 1  kllt ’ss V tI l I i I t I , m % t  t C s i s i s  req umir e ’ dot islderaille exposure be’vonsh the
m m t l i i i t u t l i i m i  11i1i t lci mt tit~se Ilt t I m t i l t l  Ill I It l ,llhl. z i f t e ’ t  s ievelopmnet it t i l  . l t i l l t 5 C  a t is efu l thmck ness . t ht is
re ’sum lts in l .m m gs’ h a le mai  d Il l  C I I I ’  t ha m ICt il m e C ieS t hhilIhOli. So ll ’sus ts w hth l  hm ig hiei contrast values are slesirable
I) C t . l l t s s ’ t i l t ’S I C s } l t t l t i l  . 1111% O s s ’t hi lil i ll I C t i lunge t i t  mlmls C amid lire thu is less : i f t e cted tv the hat e ual  dose
mu st r i l i t im i ou i .  s et LII) 55 i t l l l l i  Ihit’ Its l s t hiS Sehi t te r imi g or d ihtra ct io u i  of t h e  iu ieidet ut rhIst lat it in (Re fe rences

It) . I . a i~ l II’ I. I ilghl s i l im t  I ,lsl ge~ie~a his iinplies a sIcs j t s’slge profile 111151 high resohu t ion capahihit in the

l s ’ ,s’ im)j it ’t l I t s I s t  1)11 t i C  rmi s I Ret s’ mC lute I ~
‘ I. SI Il Cs T espomls e I 0 It 1W slose eve Is hel WCs’11 Ii Li iii ed it t s ’:i mi l l  ~s is

Iltiiillli u/Ctl . tn oids ’m t o  l Is t ’ m iii Cdt Ill f i ’ r m t m a t  it ’ ll I’l l hi tt e’ wmslI lis. Itrewer ( Re~heme mtc e 1$) dcfluit’tl tlt..’ ‘‘lune

55’Imi t l l  dm111 l ist  li thu s ’ I ss I s t  is thi s’ 111 105 l I e t s% C s ’ m l ;i e- bange i i i  Im’e tlosC to .1 tV i t . i i i g e  in llOrlliahi/Ct i himie

s Slml l Ii. lie i lil ’li t ii llict i I h p_ il  ii .1 I)Iis’hi I s  l~t’ llet hi hl ’ . I ril e 111111 I hue coot rast us miot ielated to I lie speed of time
mC si%i I im ~ t m  lI l t  F.i si is i t  l i t  s d  1(1 I lie e ff ie-iene-s at w tue -h cross imm iking a nih t lecot miposit 1(111 eoln pet e W it ii
‘Jell thilIt’l hilisi Il l I lie m mlo ls’dIlIal WCim ~hll dust rihuih iuin mli t i me resIst ( Re f e remm te ’ hO) .

Resolution

R..’ s u l l I l l  ith t I Is 11511.111% i tu m hmt 1ite m i Os t hme ~ t l m i i i I l I I L I l t i  liii..’ svi dt i l  tii.it tIllI It t— mt es-e liipesi Iii P eIV ~~ll 1115cm
I Ills St ill tht’l)CIImI out the Ims i s I  illle- k ml css , hl t i e— lu l—l l i ie  spacing, heat iu .I5- t - s Ic I . I i  Ill: s-o fta gc , am u d c’spilsIirc

t l m . m oze 1It NISIIS I R..’ t s ’ lm ’llt. C 1°) . Imi  goosi iesoll lt ion .1 ts ’Slsi 5511 I m IIIIZI1 t l I I i I , I s I  IS m iesum _ ih le.  I hm b~m5 t’ S t ’i

s’’,m ’li If III..’ l. i t s ’it l itm m.ie e ’ mi t nie~..i Os altered nioleetl lar st lilt ’tm I lls’ Is wel l  mis fim iemi .111th pmbssl ’ssCs \ m l  h l mg iu
m t ’s,ll m i l m m h l u  s m i . . ’ ltI ,iI. j 5hihl  slt ’s- e’liipuuig be luav ior s l i t  se’t I l l ums I s  mit ’gl.itlC I ts I l l I l t  1( 111 p..’mlornian..e FIle

I It ’ll II .1 t~t l’l ml t lC%t ’hl lPs’I til l ImI g il resolut moim wt imk IS auded it t h ue It ’Sls i shm,.s ’ , s hig h ..onttasi .imud it
f Ile’ imiso htih l 1 f i . m 1 i  k ,mm i, m s :om ’ mI It it’e hI.itiiC,ih pto~ierties ~‘,luieii iiuihllliii/t’ SSs s’hlIlig ,itlti thIsl OIt hilti I Re t em .’t k- e
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I lit 1.. t .m ~ 1 . I L / L ’ m I l l I l ts ’ ( I t t i l t i h l t s ’ lulg h m ue st h h ( i i l t l m l d.lh).iIh lI i ts t l l  s’lee- i i lhi l .l l t’ hmlm m lutll ilgrap hiy t h e  est ge’

j t l l it l, amI d m csoh t i tu i ’ t i  shlil ulsh Os ’ dou mip hiti ble w i t h  thus ’ wuil i l le ~ui d s’te hmi m m g Ie’c ftiiiqlies amid muit he’ l im i imted
l~s t lit’ I s ’ slS i V

Mo lecular Weight

Om It’ it t h is ’ l i lm ist  iiil~ 1 1 1 . 1 1 1 1  fl.Ii.i l I l t l .’I s ‘h .1 iit1l ~ lis t resi st us t lie . iss - i  let ’ iii olee tullut sveugbt of t h e

pa t ytlser tot bssth 10 _.itI\ C ,ilStI positIve tC5lsls .

Negative Resists . it  hI l l s heemi ssel h e s tah lus lued t i l a t  i b i s ’ I l i t C I t h i t s ’ gel s l m iss ’. I t h e  tlilnimlini uuic ideiit

d isc IleceSsars It ’  tm fltli ti le t imsi iitstlllmhls ’ gel, Is IIIseIss ’ls pLml p si r l lmlll.lh It) ihie m l lt l tns ld  5 I 5 s m t \ I i 5  . It. a
f ui i is i iofl m . t  u lie tti milecu ha t sve ighi t 01 hi miega I Vt ’ polymiier I eslsi I Rd em ense ~ I. liii rimisic sIss ,bsli s is g iv emi

0’.

/u = AV II1~.

s’~ hers’ A _ umm sl 1 I t t ’ t t m i l S i h i i l l S  111151 
~~ll

- Is t h e  as - s’l.I)’t’ I i t tl is ’t lll,lI Stt ’ lC hi t - I l’I .1 h u h > lmIl_ ’l It ’ 1111111 .111

imisoliihle ge’l. a I m .l S s ’Ll s’ m~ t Omit’ dIt t \50I lk  tie ,.hl h t Ill Is ls ’tI I iIle m l . I tue !~~~~V~ 1)( ~~~~~~~~~~~~ I’ .1 e t m t I s t 1lIl t hillel IS

I ~~~~~~~ m t  t his’ l tll hslll C r, Im hi iie tt e’r t~t t i s V l C I I t \  .1 P0l) t l is’l 551111 51111111 /) ‘~~VtI (( . Is p r c l e m r e d  1 15 m ’ I m O l e ’

ss it Ii a ham ge I )~,- 11 m m - imit i a ç-shlv iule i ~~
(

V lite~(’. ~~ 
0. hiId t C i tCtt sV,di I lie 51111)5’ ~ m ih\ i)leO mit 1ti’~ %l~

. , s i t ) ,. s’ .1

pi’Is ins’r ml I i~ I mei ilii)It,s L I I _ l I  sse m g ilt wil l ma s s ’ Is’s~t’t c h m z m mtus p11 111111 v m ) h l l iu ls ’ i ll t i htmi _ imls t b.’::.s’ res huire .l
s u i i~uh1em t’lt’Cl Im ’ i l  t l t t S e 10 t s ’,it II 1 gIs-en d l m l s s t l u l k  hs’ mis u ts V R Is ’ws ’ m I,Rs’he’ leilsc 20) hound ibm _ i t - at bight
l t lm h h t ’sIil .ll 0 e t ehm ... s’le d m t . l m l  ss’ l lS i l iVl l m mIt m ieg _ it ive m esis t s  us 1151 1 .1 binea i f t iu ie ’ t im h i l  - ‘I tni.Iedulhlr weight.

Pos iti se Resist s . V u 5 ’ elI ldis ’lldS ml a pmlsI i lSe  ehe’ctroml res is t  Is 1101 hit f e’c t e’ sh Os .)!
~~

, ml . tI~,. mit the
‘I I C i l i . t l  pt ’ b ~ l t l s ’ t  Is ‘10 i~ m cm iils l_ ur g s ’ (Rek’rence ti, IS , 21 . au th 22 )  1111 sf himg hi s’les’ t i mim i  shoshige Is used.

hi sl m’peti ds m it t1 ’ .  m t m l  f I t ’ mllu tt lhe t ~l t Ile .i%s ’uage liio lCdliI,J l sss ’lglI t S m ’ t  t i le  Irhi~~iiented po lv mem .
ih i t %S t ’ %s ’ l .11 l m l S t s i  t’\~~ i ’s i l is’ m t m ’s .l~~s’ the u!~ . mi t tIme ill igunal lt ’sIs t inatei ma l iias ,p s- s’rs sugnihi callt e f tec t
i lli h i t ’ resist S5’ltSI t IVIt s I R1 ls ’t e l l tm ’ s I ml hitmd 231 t i .urr ls (Rs ’te re’ mt c e 24 ) 11.15 mep t ) r te ’d t h a t  inc reastmig
t h e  mmdcc ul Ill ‘.5 sig h It mml i i  cs ’ s p mmuh u ole’ g..’lte rat 11) 11 sh t i m ing deve Iopme lit h ill d u nip roves edge de hiniuon -
hui s juss ’ s .1 des -u e ase mi t useoi ll ..‘t5h i ls’stsl u l ise.  asth lesuon , hoist t ill)) qualit y .

Molecular Wei g ht l)istr ihii t iou

%lolecuh.ii St t ’Ii III tl msIt I l i i I i I i ’ l u m i t  .1 POl> uii em t s ’ s l s t  has hi gli.’.lt e t f e ’ct 501 (hue pertorinailce oh both
l l m g l t l s  t’ .1 mid 1ii i s ui P’t’ s’ht’di It ’ ll I C5I s t 5 .

Negat ive Resists. II .1 poIs lfle’t i s  Iti mhnot h mspt’rsed ( co iuta mm i i 1mg oui lv p i l ls ’ chili iti S I/ C)  Cl Iel u s’rosshiut ke’d
..iiaili u~ s m i h t s  Il l m l i s ’ s J l i i m ’ s tl l l m li i e oh gel. hhi lwe sei  . long el la i ims t h ig h 1/li ) imu a pmih ytncr oh h igh
dispem sivits Im l l l l t  .1 gel 551111 lower els’s I ron  m It iSs ’S than s utm a lkr ,.hl ,llt is . Iii .1 polymer system wut l u  h ig h
imio bes mif a r  weug hl t - m hi’.I51’t sIS I t s  gel 101111111 lOll t ld~ I i i  5 m ) S Cl .1 I_ i I gs’ . r.Itige of m l m hs C s h u s h  Ime i t te  I lie culnt rast is

loss V~ lie mi all s’kct roii hs’;i In ‘s’uu el la t ..’S .1 p0t> tiler liii)) coat eel miii a ‘.11 I f ,I s C ,  sda t i e ritig Il ls’ reases the
he,iutt t i t i S s - sI ’ s I ut~t~.i l imea imi thus ’  tu h im i .  Al tl imlug hi ihie ilealli tls’uisIt~ sls ’d ls’ass ’S ‘.s’ I\ rhipidly along thi s’ titirtlia l
It ’ I lie csl g m i t  l ilt’ II t as l i_ m let h a te.i , niolecuhcs m ’ t  s e t s  h i g h niolecuLit we igh t  kis’es’.n~s’ ~íss~sIt~k~si ansi
i s ’ t t i .u I  Il mim i I hi s ’ tom rI -ace’ ~i t t ~~i m id S t ’ ho toneti t - h Ills V

t s’,I is’s .1 W i she s lt i pin g ha muk _ i hi mig I lie edges o I t lie
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t ls’’. t- l~m 1 t ..,I t i l m i m  p.11 t e l  II ‘.5 f l l d l i  I sml It s’s i lls - lIlt 1111 ,111 ’ it ’s, It i m I’ ill. I Is ’ I sm il i mi m m i i i  .1 11 its ’ 11 1 1 ‘t , ’ t  l ’v
t I , l i _ l I t i i l , l l l l I C  l i i , ’ s ’ l s i t i c i  Ii ’  . i l t. mlt l .1 s h I l l 1 ’  ~ i m t ’ i I t  il l I lus ’ i l / I l  t i l m l l t ’CIIIIII SS, . ’ I Y I I I lt ’CI ’ lu l  - ‘ I  ti lt ’ t llO hs ’dLil.ll

sss ’ighl t ,hsl I ll’ ihI,III t i l i S s ’ I i’~~ is ’ t s ’Il,,t’ i ’ f  \ t , k ,  i,I, . m P h III,iit ’ m lIl,l l tt ,l Y h I i 11111 ,11 Ie’si, 1111111 S!~ lIt .lis, t 11,1 1

1les l l . l F l,’ I ! - ~- ’ . , i i e Is ’s’ i k 1 1 i l  t i  , . r l l s _ s l l m l k t’m h . i t l m i  .115 ’ , I iss, i’ .i , l  ~l\%.i\ tillI t liC sls ’ Ss ’ lt )h ll t i t ’iII - 111115

til d i ,.’,lsIlIt ’ I lie Ill , It1 _ C I i i i t  \ m i t  P I t i l l m lh s ’ h m l t t l i . i l l m i i l .  I hl.’ l l s s ’ lIt iZ,ilI’ .t’ t’hI.’mV t l t i t l  1551 51  s t I l lu  iIig ll I l im i h e’cuhhi m

55s’ le’hIl t ill ‘.t’l 1 1 , 1  1 , 1  lII,ilt ’ .iilhii St i’ ICIII  mh l ’iiI 101111(111 Is lL’dIhtt i l I ls’ i ls l Cm h .

Positi ve Resist’m . I o’ s’f l t ’ , I ‘i !lii iCdi l l , l t  s ’ .s’Ialll 511511 ihlilll’li Is IlIltIs’ CI I I  l~ ,ll 1(11 .1 1515 1155 ’ It’SlSI

t m ’ :u t hus ’ s i .m l I ~l ;’’.llI i ‘I st lddt I’t t ’ s Ohl l h l im l \  , I t S m l i ’ ’ : I P L ’ l l l  - \~ llt ’ l i  a 5 511155 ’ 051st Is sls’vs’hmip s ’ sh ii Is

il,, 55_ I IS  I li _ mu l Im e i • II I .id 1.11 s m I  pills l I l s ’l rClt lh i III Il l lsl lSs , II’. ~V~~j II lIti 1111:1 lis ’ m cm l mi l  ‘ l i l t  It ‘sI IIll.IItCl cml). I
II Is i lt il sil 1,1111 111111 i l ls’ il lmllt ’tlll.Il 5’, (‘ I C h I t  I_ l I s t  rIlili t 11111), m i t  th i s ’ It l h l s l l l t t t l  _ i i i t l 1 111111 . i m i t , i t t t i  t i iI~ t i i s’I l i m It

ml ’ .  t I  I_ Il) I l le t i m ’ ss ’ lt ’t li I l ls’mI i t)  sl l m t t  I Its ’ llltIlt ’m.llIhlI sst ’ IglIt of I lit’ t S S m ’  pi’is It le ’ lS St 111111 Ito’, 
~‘ia

mI nim l , lm l l . I Is ’ tl _ l i m t l  lliglI .‘I!~ II I,l s h m hi te ti ta i ls  m Im I Ili’I t~veila p. Is mIs~It~t ltl llIt ’sh Os ills’ mi Islt ,.’ t S i S  lI d’ t I  hi t l lhm
s i s  11 0 1 5 . I i  Is I l ls’ lImP S’ ,’ lls ’d ,.’SS.I l\ tt bl 1iSs ’ flil s’hs ’d il m i t l  l t ’sl s l t’\ h itls lil s ’ ( Rm ’ Is ’ l s ’ l lds ’s 10 lI lt1 2 1 ) .  It Is

i t s  lu l lS 1 1 1 .11 I~ is ’ . dIspel S IVI I 5 . ll.irross lilOledLilhil sst’igill 51151 m mh l I I lm i l I  5% 11 11 sf 1111 11 dI I i i t f  I .ii limit lu t ime ’ Itos
.11151 l I l ihi l  lnthll,’elIh,ll 5’. t’iL~llI s . Sv Ih l l l I t lt ’,iSs’ Ills’ s t I l s I l ‘.11’ . .11151 m t V t ’ l l  II lit’ m f mi l  111.11usd ’ ‘Ii a Sl’ .s’ll ‘ 11511151 lt ’ -’lst

I Ri ls ’ tcu i~.t ’ ~ 1(1 ,l lIt l ~ ~ - 
~~~

Pols nier l5ae’kbone St ret gth

\ II I Il..’ i l l llit itm.ilIl m luth le d l l la l  paianle is’i ilIhIt h i t  t , .’ C t s  I he p s l t m i t  1111111CC m i t  h I l l  , . l s ’ d l l m l l l  m Cs I sl Is th i s ’
l t • s I s i , l l c S ’ mb.u .i b1t l l~~lIl5’l , i t t t ’ lS  10 S t I S S I m i l l  1 1 1 1 1  0s’gz i t l v t ’ is ’s t s t s t  h ilt 1 e m m i s s h i u l k i t l e  ( I ’ l l  p l i s l i l v s  r e s I s t s )

I i t l im ,.s’m I h’s t . l s h i h l i i t ’ l P  I ‘ m t’,m~~ii Chihil lI tth ld t lni ’I_I (I l l  lICiLa lIs ’ t’ I t s msl  I m ’ m~e , lds luu i m i l l a l  s lossI li lk is les1l i l Is’d 10

It ’ll_ I l l  Ills ’ 1) ,.‘.m l-,. ,1l151 lt’5IIl l 5 iii m i’.’. t i  Ss ’IISII 151 1% .1t lt l hi lsv e’r doli l III sI . tOiId t ’ 51 lssl i ’ l l  sh i l l  lie lt’I~1I I sit ’si iS .1

1 5 5 5 1 5 1 - is ’.l ,.Ilm ) lI i l t i l lhi i i l l l i  em ’I f t h r l l l h l i lm l t i _  Smi  hi Pm1l Y m lt C m ‘.5- lilt .1 s t t OI l , .1  It , l s khm t l l s ’ Is  t es h lII e’si : low ~__ i_~J
5,111 15’ tot lls ’g_ Jti ’ .e I e s l s l ,ilIih h Igh ~.!.L~ii’ fm i r  posI tive li,’SIs l S ( Rt’ t C I m . ’ I ldes It) hil im l IS ) .  (,(S

( oni ix uti h i li f % %VIiIi I hub r ication l’roc esses

V I le~~I I’ll hic.ulll \ llu ’ sllle ,Ilis h mls ’v s ’Itlp t ilem u l of lt’SIS i IS t’l S Is 01115 i l ls’ 11151 s lej i I I I  lIt..’ thilil lt’h i t l t ’ll

pitht. 5’ss . I l i l t  ils’r ~ l ‘ O s ’Ss l l lC p I t  t his ’ ‘II Iliji he hI lts1 ilihilllleti.Ilis’C IS . Ill Cs ’ l l m ’ t . l h .  Is ’s b ulne m h .
Quality of Spin—(’ oate’sh Films, I lls’ It’SlS l sm ) lL l t j m ) l i  SilmhllIsi l lh ise hlt ht’sl llhiit ’ S ls ,.,’sl IS to he ,i i ths t i

t i l l  ill 1 i i i i i t u ’ i  Ill 111111 51, 1111 sit’SI les l  i l l l t- k l lt ’ss _l l l sh  l l iu l l l l lml l l lm tli ’ t em m siemi s its m l i i  Ills ’ sll h i s t lh i ls ’.
-‘tdhesio ui. I lls’ 1 , 5 1 s t  S b Im l l i I mh Il,i’,m.’ hlsls’sIIlhl t s’ .lmll is ’sim p~u it) ,l S hi l  is’ t s  01 s l l l ist 1,111 ’s i t’  I , l t l I i l h i l s~ h u e

j i i h i d t s s  uss’sl III l I II tI, ’ I , l l t I l t _ i lli’Ii, t~m lt bI  lt’Sl” i .lsiIlt’Slmlli 55 111 lit’ m ls ’t l i l l lC l l ih i I  i m i  III s % C t dils’lt i ldhl l s It I l i tug
Pu t i ’ sss ’ s ansi llis’i.ihl/1ilitlll pI t le t ’sss’s t luat lll’.mii’.’s’ p1.1 111 mg I lmiollgh ,l lt’SlS t 111.15k .

Resistance to Etchiiig. t hus ’ s’ Ies i l m , m i  ls ’sisi l i l,lts ’l i_ i l  sI lmhm l Id lit’ t hIs ’ 10 5’. 0 1151,0151 I l tm ’s l  , m t u sh i c  ,llisl
h.mso s’t s i l i l ig  so l l i l lt h i ls  t’IiipIt ss ’d in m nue rm p t ~m h i r ieatio m m b t I m t d s ’sst’s

Resistan ce In Sputter Etc hing or tt to i Milling. I Ills Is’s l l i l ls’S ls ’ lat l ’se l ’ .  m ISS sp oIls - I IOC I,Iles mit ills’
l t ’sl’I lll,lIdi 1,11 iii dolllilhillsiin ml i l m e’ llihlts’rl,lh hieit lg eiel ie, l .  F I lm ’ l m ’sI sl  sh, ’ tml l .11’, ’ Os’ Is’sis tant i t’  l ie_ i l  tug ,

Res istamis ’e to Heating. 1 111’. Is particular l l inpot -m .It l I  Ill ,umlshi t ‘.5’ lm i s’I, i llu/.lilolu ‘ l I t m ’ sst ’ s . sus It Is t Its’
V i i l t - , i t l  es’ap ilra t loti m h r spl lt it ’l sle’lit)Sl t imili Pl~~m’5~~’~~~, I i i mt  sl1Ii l t s ~I s’ ts I i I I I l  h I  h ill I lluI l i lIg shi u lu m i g Wllldil

sti l t - t I m _ i ts ’  51111 ,1Cm ’ t s ’ m i l p s ’r hl t l i m s ’ s hill s’’,t ’es ’ sl I (lO t ’ V~ ll’. ls ’sIS t liii’.’, hIt 1111’ - I5’ lt l ItCl . i i l l iC  ‘.si lI t , i l iSm ’ ltii.Il~C

thts t t ’ i t i i ’ i i  .111,1 %‘ ,V u ll huts ’5e’IlI m mhl l i l i l s’ilt iii of Ills’ pI- 11,-eSi,

- - - -- -- - - V -V~~~~~~ ~~~~ -~~~~~- -- ~~~~‘ •~~~~ -V V~~~-V ,~~~~~~~~~ . - V.— ~~~~~~~~~~~~
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Process Tolerance. i ll’’ resIst s lit mu ld mo’t be Ss’ I l s l i l S e  1 ,1 SlIi h l h h si h lils j t mtldS’ S’. Shi r l ah lllil e s .

Shelf Life , I lIc p es Ist lIt hot hi soltit loll 111151 spill) films 510111151 e xhuIlilI hI I_ It’ ~ 
h I m  It’ sh leht lit e - I splda II

I I l ls ’s’ l ii thl lt l ls or Ilimi re Il ls’ sol is l dered adequate’, TIle gill S tra l lSiti m i l l te m li l ) c u hllume (if thI s ’ resist must he
,Ih)mis C I t Is i l l i  ts’lIlliei at tire - preterable above 3 ~O K,

~l - ~T E R IA LS IJSI ’ l) AS ELECTRON RESIST

Mat crual s t h a t  hm hlvc heemi evaluated for use as elect roi’ resist s hirt’ rs’vie’w e d m u  t h e  paragrap h s  tha t
hollow

PHOTO R ESIST

I lie III si In-_l id -  ihi Is CV _ l 111111 ed to t  use as elect roll I esisu s 5’. etc  coIn lt lCrsialI\ available PhlOt0rCSis l S
Kodak Phioto res ls t I KPR). Kosiak Nicla l I~td lI Resist ( KMER), Kodak ()rt lumi Restst (KOR ) . hold Kodak
111111 Fi lm im Resist ( KTFR ). hill negative res ists ~ hi nd Shi pley AL 1350 . a positive resist (References I and
2b— 2~~). Fhiese mllhilelIals a le  Ic _ l I _ I l l  ava Ilable , ilt l tCssIIII _ 1 sieta i ls such hIS hakiuig. developing , el5,, well
umit lc rst t ~mps I - a iusl all 1111’. e hishe qulat s ’ rs’sist hiIlce itt comnioui etd llam lts , However , I hue photmi resists are less
(1)1115 S,It PSthi mlmil\ .15 e’ledirOIl resists due lo several tis’f’idlellcies such as poor electron Sensitivity , low
Coot East , iilaehs’e luat e rest ilt mi 15)11, a mud uminecess~u ry Setlsit IS- it is’s tt ) II miihicni light - Because oh’ the h igh
Ss’ I l S I t  Ivit s- oh t h e  resists 1(1 ultravio let lighit amid even visible lighlf , Sonic ch emical reactions o~~ ur on
slhuml d uml g Furt h ier mu iore , ill Pr~ b~~ 0,111 ehectr i) I) hithlogrhi phv (hue em~mple’te ‘.5 :1 t

V
er is exposed using a

dmll l l hih s’le pa t te rm i  u I  eledlril lis hv emnp loyi tig hIS 110 elec troti  source a pllotoca ti lt lde that is Sensi tise to

~iit r~iv ho ld hgllt lii lii is eli se I hue resist is exposed to this ’ electrons wit lu a background of strong
n It rhlv lo ls’t lig h t  PhioislIesIsis cannot Os’ uses!, ami d ehectrom i— heani resists thu - a t  .~re mmusensitive to ultraviolet
ligh t  h il s ’ iteedesl, I’JI . l t t r es l s i s  are limo st -able and shelf life is short. Since thei r resolution deteriorates
wIl hi age and varies frm ,iii ba lc lm to hatch, they are’ mlot sV l t i Sha dlo r\  in tIle fab rication of devices of very
51111111 dimensions.

POSITIVE ELECTRON RESISTS

Poh f Meth y l Met hac rvla t e ) I PMM A)

I’MM,’t , a well—known t h u c u i t ua l ls  dm ’~’ra diuig pt hymns’r. was f lue first pols- mnei - reported for use.
‘.h)t’dlaL h y as au electron l s ’ s l s l .  hi~ t h e  I tIM Watsoil Rese’hiie iu (‘etil er . Ym irkt oit  I heigh ts. N.Y. ( Referemuce
2) PMMA was used hOist exp lored s’xien suv s ’Is sil i rimug thus ’  last \V ea r ( Refs’ ie lldes .~~ 4 , 5, ml 14 , 1 5 , 15. 24
ami d 2m)_44 ) it has been used as a medium for conuprehierusive analysis of amiy degraslitug- lyps’ mate rial and
p i t  piuys mc ah amid ch emical properties when use d us an e’lectron resIst . I ’MMA IS insensitive to exposure
by w h ite or ultraviolet light , its symit i iesis is Chi ss - II has h u g h resohutio ll capahil iiv (<0 ,1 sam)
(Reference 4 ) , good resistance to cotnmon acid and base etching processe s , and IS tusc t ’uI also as a

I!
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t ml r  iIlml’b s’,iiml slli,i tt er Imig hIs well as for ion imp la nt u tmo iu (Re ls ’ re’ mices 45 . 4~ , and 47). I lie

u i s I t s mil I hic it’SISI iS IIph)r&I’suuiluts’iS 5 X 1(1 ~ ( ‘c m ’- 2, File res Ist is prepared by dissolving t Ime
i lls ’ ! lii I I’ . s t l hVs ’ l i t  ( t usm iah ls uiiethiy h isohutyl scIons’ (MIBK)) , I ts  IlIlt- kIless al’te r S~~i t l  Coating at

s’~ th l h ll l 4.1)1)0 I pui Is .1 bol mu dh io n u l t  Sml h Ut iolmi eoiucctu lraiion At 5 ,(X)() rpm and IOY solution , the 
—

,uies s is (1.5 piui. Thus ’ lesis t-d l lated sanip les have t o l  be prehaked .11 I 70°(’ for 20 uilumutes he tm ~rc

isure III cmimll p leit’ly eva porate t lie solvent anti to uniprove adhls’s lulli and resistance to chienuical

lUg antI rcs lsi  Ss’Il’ ’ I S l t \ - (~Iiders- Li t t ing in tile resI s t . i.e.. t he wide iuimig m i t  th ie bottom of the trough
lild m hie s’. udl hu ( I f  t he iup of I hue troug h , ~S hi dmlmnm non phleiisimefl(1n wit it positive resists ( Referem ices

IS , 21. ~~ ~) . 12 , 34-311, 40, amid 4 1) .
fhi us tact can ,,- ,umss’ a serious prt>hhcnu w h e n  uuarmow h u e s  (‘.‘.idt iu mpf t his’ sam ile Iluagnhtude us depth )

hcsurs’s!, Pmlstbakllig at I 3 0 (  for 30 minutes can eliminate this difhl c uhts- . Dii t h e  other hand. t here
isliflC a pp1 It’,i t 1(1115 t i p  t h~e undei cu t effect : ( I ) h igh resolut i(lfl IS hIt Ia inahle using t hue ‘‘ hit ’t —oft ’’ process

erem lds’s 20 , .~O,~ iiisl 32 I. a uu d (2) I hue effect is h elpfu l in studying the ene lgs shissi patiomi profile ot
ron’s i i i  pollS 111dm 5 , par lidularly in I’MMA (Rdtc rem lces IS . 2 1 , 31 , 34 , 3k) . 111151 42). Stripping off t h e
posed resist is .ict-ounp lushed by soaking iii acetone (Pr et h ly l acetate for approx imately 5 minUtes. A
iicai lt ’ st lUtIOfl oh h’\I\t-\ is abm lut 0,5 pin and ed ge detinition is better ub uan 0.05 pin w ith a
L1l1-t hi Ick rs’s ist -

Mhills plihlhldat hIl ls deal wit h I hue se l isll ivitv of PMMA as a Itmi u ci ion of exposure dem lsuly.
ter al iou vtihtage , mis’ it Ii iiu I s’’ilS) - m)rigiII:I I miumilec t ila r weight . amid developilil! cutuidit ion (composition.

ans I temperature ) . Mathem iuati cal models have heemi assu imied ansI t heoret ical  calculation with
rI mm is’mlia l studies ‘ . ‘ ,m’ l s ’  carr ied tint to exp la iui this ’ energy dissi patiomi Profile of ehectr oun penetration in
‘s himu d t h e  developed les ist prohile (References 5. t 5 , 22 , hinsI 33-42) .
Shinu uiui ri a! (References 34 and 3o) used t h e Monle Carlo lcchi iuis ~ue 

1(1 simumu late h it’ emiergy

pa iloil III dcci rm ul i s  iu i t’i shi’nI omu to PMMA . Greeneicll ails! Vam l-Duzcr I Reteremu ce 151 presemited a

uemlia t u_ al Illodel for t he e’X lx)SU re oh’ elect ron resist wh ere the coot rihut 11111 f rom thus ’ prima r\ limit!

SCa l t e l  et i m’It ’dt rolls we te  ca lculated separately Th ey hound I iiai t his ’ cmn ttro lh ing param ileter b r  this ’
l iv  ek’stro m i s m ) m l t r ihut is)fl IS t h e  num ber of elastic s’ sen t s , where tIle l m l u b ) m ) r l a i u ’ pa ra meter s till the

st a ml er e d elections a ic this ’  hackscattcr ing cm )c f hlciel l i  and tile electron rhimlge mu t h e substrate ,

By per for Inim ig Mo ml te ( ‘a rho ca lcuiat ion. I law ry luk ti a! I Refers’ mice I deter nuine’d tile SpCs i.ii

ihim imou l oh s’Ilergs shiss ipats’eh ill a O ,4—pm.tllick f’iluli m l f PMMA d u e It i  an imi s - ideuit s’he’e t r t i u i  he.i til. I lie’
.1 m u var ying thte beam shuamn eter hrtim ii 0,025 to ft3 pun ‘ .1,115 ~‘v:m luated -\ mls ’ ta , Ie’d t t in lp. i r is m un W I ’ .

s’ het’.’.s’t’ii t huc ie s u ht s mif  t h e  Momite (‘a m lo da icu lat lm lns hi lls 1 amia h y t  It lIlt)d s’ ls l it-at ‘,Ss’ im ’ used I t  pi edi c t
em ue’rgs shuss lph iied. Ks ss’r and Viswa miat hian I Re hs ’ ie mice 42 )  ex iended I lie \luuits’ (‘ado s i l l i l l i j I  I m u l l

u) iqUt ’ s In this ’ dhi 5s ’ oh a IhlIt ’ I . Ihhv distrib u ted electron beamui . h qnicnerg~ m is’ iis it~ s- t lm i t I)Ul s um i the ls’siSl

1111 a si /c t I l t ’s- I. I C. , dependence mm thus ’ line w i.. ht hm 5’. r m t t c n ,  l h i m go ’ hI l ls ’ ss i , i ih is sti l l  loss .i Lirgo’
irs sht ’ ui s i t~ dep m i ’ uII ~ ’d i~ t he resisi because ot s llpcr lil)si Ilmln m p h backss , ii Is ’ I t ’ m l t i e s t  tmfl ls . t Il l Ills ’ ~m l i iL ’

Ie’uit dIIsd I Ins results h I  a larger smll uhihily rats’ for thus ’ wide r limit”. t l iam u t m t l  i i , i r r m )w s ’u hine’u . h I,m l /_ l k l s

I ung I Re’ fer s’ iis- s’ .5 ) mm ua de a si iii uu ha t ion of t he she ’s - s lopesh I s’ s i st  It m i t  i he m u d  i nell t innes i i b m  i is ’

lies are rio t miecessl uril s equal to t hue energy dl ssipat ioiu profiles . s’ s l is ’ c i , I i I ~ imi this ’  Cuss ’ mI t  teha ’ ivs’l~
e xposure slt ’ i i s l ts lIsesI in 111gb speed ehec( roui hehimt l mii i cro fah ius ’a i 1 m m  W hicIt’ t he ci le t i  ‘ ‘ lie’

lopiuut ’mit process h as  to he ta kemi m l o  accou ill Frso y I Refs ’re iucs’ I de’s- s’lopesl .u no deh In as -c t l t l m i l

lie observed hc t t, i s It t t  mit posit IV C resists. I—h e cult) side resh hot hi cx isi ire :i uisl m le •’ . s It I~~l1is ’ li I .:s .1 5’. iii il s ’

Thus ’ I hlcore’ t dIm : comi ism sls ’ rati ons mentioned above arc in good agreemnt’mut 551 1 Ii this ’ ex peru imue nt a I
I Shh i lo l l ’ - rt ’V Is ’ ’ s ’s u_ l I  he’ lmu vm’

%‘uohl ci ul I Rct e rs ’ m lt s’ 4) iilt ’ hlsu rt’d t h e  electron beamil e m ie rgs disslj t:i t ion ;iiohihes i l l  PM\t \ I or
remit e \ js is ire ds’nsit Is’s hind icce lerati uti v ilh tages lit 5 ,0(X) , hO ,0(X) , 15. 0(K) ansI 20 ,11(10 511 115 . it 
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ft i um ie h thu - a t this ’ I 0,000-vom It exposure produced thus ’ Widest h I  - Ui a thick les s I , i t t s ’u devcl mu pim us ’ nt iii a

1 3  ull iXtil re oil MIBK and 2.propoulah. ails! that this ’ vol umiuc of resust t h a t  W J S  J - t s ’dte d increased WIt h tI m e
dos~.’. Thu s’ 10.000-volt -amuoma ly is not reall y lumlo)mnaious whuciu elect rm mll s’iiergs dissipa l ion un a stuhie l I’.

coiis ids’ut’s h itu m ore detail , W ith an electron bcaiuu wit h pea r tero elmeigs - this ’ s’ lieugy dIssipation range un
tile’ resist layem is very short au ud all the et lergv is lost Wit iil f l hi few hiumidmcd angst rom ns of the surface.
Wb mt’ml ehectro iis with ilighuer emuergy are used, miiore euuerg y is dissipated imu this ’ mcs ts l layer amud a wider line
is produced. But a tIe : progressing t h rough SollIs ’ milaxi imiulli line wid i hi . perhualis am about 10 .000 volts .
t i le  energy dissipated is distributed deeper j ulIo time su hs irais’ w ith i less ef leet m m u u I tie re’sust !a~ s’ r .

Ting (Ret ’c retle e 33) determined the sensitis1 s out ’ t h e  PMMi\ resIst  hs m easurin g the resist

thickness as a l’un ctis m ii oil devel ompl:is ’n t tii u ie (this’ stiluhil it rate) hor v~im umu us ex Itt uso Ire m!s’flsi t is ’ s i t  was
fo ui isi i hat t lie solubilit v rate not on ly ehua uuges wit Ii ex pm i st i ms ’ de nsm i 5 . hut also wit Ii ti me dist au uce’ h’rom
t he surface at aum y givem u exposure. This nomulinea r hehuavior at a “ivcui e’x pmisure is due to i t i le bach that
emlergy loss of els’ctrouus in a solid is not uniform. i.e., all eicc tr o m l scat terimi g in a solid yields aim energy
dissipat i m lii  cu mve whl jell Ilas a pea k below I hue res ist stim t a te  at hI pprolx I im lat el y 0.4 of tIle pellet rail’ un
rzings’ It was estab hishled experimentally that thus ’ sohuii ihitv rate m i t  PMMA le sI Sm eiiatige s w his’t i the
exposure density is raised to ) t h e  power ouf 1,3. From thus ’ enupirical formula, mi mic can calculate the
thuieknes s-versus-I itns ’ curves for any exposuire olensi iy ami d rs ’ SlSl th ic km ier ~s , (‘ahenl at ed resu lts were in very
good hI gIc eumcil t Wi lii the nieasured results.

Green s’ iehu (Refereuice s 35 and 44) calcu lated thus ’ tit ne ev omI utim p t i oh exixisure comuto ut irs ui PMMA
b r  severa l timne’dependent developers coiliprisi lug various proport il )uus Ill MIlK and isoprop iiy l alcouhuol
(IPA). T h e  following do)nelusiomls were reachued:

I. The more active the developer (more MIBK) the greater this ’ imullu s’mice oil developer Iim ne (in thus ’
contours Thus, a ratio ) oil 1:3 of MIBK to IPA is relatively insensitive to eieve lopmnemut time comparesh to
Mi BK.

2. Tile euus’rgy of the incident beam is importam lt : h igh er heauii emlergies comuf ’ine this ’ penetrat ing
bs’a ni closer to) I lie ticauli ax is , res hi lt ing imu developed eouulours closer to tile ax is  and less sensitive to
dcvekup lluent I uiuie.

_1, rime itucident dose is particularl y irmuport a uit. To obtain t lut’ ulldereut ph enomenon for MIBK at
how dose a large developuuiemut linus’ is required, with a corresponding increase in line w idth i and a
red m ct ion in thickness of t lue originai resist.

4. hu iereasing this ’ temperature of the deveiope r results imi reducimlg the required development i im ne

for a given ex~XlsUre conto)ur.
5. Time poiyuner ’s original niolecula r weig hlt iuu hluemie es hoit ii this ’ skips’ of I hue develope d contours

aui d thu s ’ ds’vehopi uuent I imule . hilt t hiese effe cfs are sedom uldhury to ) chmai iges in t Ile Ilidldemit dose or heatul
energy. Fturt herniore . io)r certain val u es of origimual molecular weight , this ’ 111015 1 timeaning quanlils is the
average Ih l i m l uher  of the fragmented molecular weight (Reference 22).

(;reeneichu (Reference 22) established that the soluhihity rate of PMMA mn MIlK at a given
temperature is only -a function of thus ’ fragmented mnolecular weight. Fo ut a glv e i i  solvent develope r , the
rc ha i I’. e smil uhl bt y of the i r ra oh ial ed region corn pa red to I bIt’ 00) 1111 ra di:i test re’gi tI l l  Jet s’r mu mu s’s I hue colml Ira si
ill thi s ’ developed I ~terml. h ence the developer ’s su itahi h i t s in s l evmc s ’ pro)cs ’ssll Ie iii stht :im ii hI ilugil contrast
t I l l  .1 g iven cx t~ ~~ re mJs ’nsu I A Ii ighi muuoleetm lam ws ’ ugh I poly tiler ts thu 115 prs’ t s’ i t  esi ovem a louw tll(mlt’s’ti ha
weighum pIllS uuier hIt t ime c rspelisc 0)1 homlgcr devehom pnlemli t i m l is ’ ,

l rso~ (Referemuc t’ .17) fouiud I h a t  the developed dt’ptIl Ill PMMA mm uet s ’ascsl wit lu development turns’,
hstil hi h Ills ’ IS rehlc lueel w here maximum depth is observed. Fourt he m dcvs ’hopins’ imt will m educe I hums depth
hechit ise lime limiexpo sesh aim s! exposed regiomus develop smniuultaneous ls . Sohiuhi hit s c hiamugs ’s 55-1( 11 developer

11
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suIlIu. t’ i i i l,IIRIII. h )s ’v s ’ f i u p i i i t ’ii i shIltilhItloli l is ~i st r omu g liimi e I i o u l i  m i t  i l ium t I l l s kii i - ss . h I l t t t tlli ibllt’ ie ’ Oht _’V eh(lIillis’tli

l i t t l e -  5 , l l l t ’ ’. i i us t ’ ms e ’ ls s si l  hi s II:ll:’t’ t t t ’ l lSl i 5 .

hIj t,.i ’i-os ( Rs ’ t t ’ i u ’’i tt ’  43)  pmest ’miteoh Ii ‘ . im l’) l l t’ I lm I tO ’lt l i lt ’ t o i m  s ’v. m l u i , m l i m i t  Il~t’ 
~~ 

I l l  ~.lIltt ’ m i t  1 315

Isus il ise ~‘I~-~ it t ) I l  i t ’ si~~t - i lls’ iimet hioeh g Ist ’s ~m (it mu s h tie t’ \ ) t ( i s l l I t ’ s’hlhiigC’st s ’m i ’iii\ 1.11111 I l ur Ohilumilillil Fs ’ StI h l i t i ( l l i

.1 I i ’ s  5 1 1  I u_ so- i s’s sIm ’Itl ititlepe neheu il of ds’vs’hops’i s i I s’f lC t  hi.
5 , 11  iC t S Ill 5511 im ’ll(IsIIii’IO uf olev ices 1111(1 i i uas ks hiavt’ he’e’ui Ihi t im ud hl i Cml It s 5’15’5-t n u n  heat h lit hiogia pl us

l i s mu ig l’~I~l~ t es i s t  lou , ‘ ‘ m u u t t m u s t  rate 1101 oim i ls high rs ’sm u l ut i i p i i  lit hiogr:u phiy_ boil a l s tu  lou ‘,ii mi w th ma t  adeq uate
.l\5u u s l ,lt ~’ )  t l t I t tS i , t 5 t ’\ I ’ui l u l l  I l u h iki t i g p i ou p cr h s tu l Is - t ut luul mi g o ts ’ s i e e s , ‘Ills’ devises inc lude: hipoular
i I , I I l s l s l m i t s  I Rt ’ t m ’ ms ’ i i -  _ ‘s ~2 4~I, 40) 111 1s f 51)), aco i i s t i t ’ Sill th is  5’ %5 ,IVs ’ l rh i r uso l l l ts ’ r s  .Irl ol t i l ie rs I RI_’ te ’ rern ss ’,s 4,
1u1 . i i , amid ~2) w i t h  hiuue widt hus less thiamu 0.~ pmu u , 1024-hit r h i lu dm Ol t  a u _ t - s’ss m~mei i i o ry chops ( R c t s ’ r s ’ m u e’ s’

‘i i  lIld!u is’ . Is ir I ra ml s is i m i ls  I Rm,’Iers’uiees 45 atud 54), mm i teguated Iieisi-el ’h~et im :iui smstmi r s I Referemuces 4h, 55 .

a m It h ~ - integ ra l e’ t  circui t m e t  a I 0 15 isis’ Setllj eot isl ne t  tur MOS ) h ’ielol’s’h’b eel I ramusistors wit Ii K ,000.hut
ImI s’t ,t l rs s h i p s  I Releus ’uucu_ 57) ,  mast er masks ( Rehere ’tu t’e 30), amid tuio re.

~1odil’ied P%IM A Electron Res ists

l~mt\ 1 -‘ t i _ is  . t t t u u i l iC  i s ’s l i l s t  10)11 ’ . III It s  list ’ ,ls hi lesIs I un:lIs’rihll

I I fs  ‘— C l I s l I l s i t S  i’. It~sv . :ipp nm u x u u u m at c hv 5 X It )  ~ (‘‘e’lii 2 mu ecmi no umiita h miss ’ mi la t gs ’- s u _ _ i f s’
t , I l i i l s , i l i m m l l  ( l b i t s ’S It t ’’- , amis i Is I i l’ lmIesl liv ihue rt ’ I :ut i s-e ls snuahl c lmat ige’ in d mssm d omt i o mu rate a l t e r  i rr adiat ion at

11155 c spu is l i l  t ’ S i tu e 1mW. s e t i s l I  is I t S  i’ . related Iti t h e  low G(s) ,  G(s) being appi mi xm nuatc ly equal 101 2 .
t h e  t iumuu bem il l im i at m i chain t raetur es per 100 electron volts elf energy absorbed ,

2 it Is hu t hici u l i t t ic ul t  iii so mft ro l  this ’ deve lo lpluleni o f  a s-c ry floe h;al ts ’rui
1, l’lie d vs’hopt’d t ih imu ph i l te lmi is t huenmu tm -up LIst l~~ -.Il1th eamu be deforiuu s’sh s’:~s I~ it t l m s ’ film hs ’comuie s

I is ’ .i ed oh lIt mn g pro Ics’SSI ii g, 1ta ri idol har ly imu a pplv iilg t lie ‘‘hi f t  — ( u fI’’ t ee lu ml md l tie or in 11 ) 11 11111 (ing amud s p l l i te t

s i t  11110

Sm ’st ’ u i )  Sll ,~ !s’5l 111115 i lh i% t ’ he’et u iep muuu ed to) itllprove this ’ pe rhm lnuiualls ’s’ ult PMMA me s Is I  115

I i i c o u l h $ t t h i i  111i si m t t c i s ’ m i l  muul ) ohi t is ’at i( u uls imi t Ime rs ’sust ss s t e in

I - Roberts I Rehcr em ices 55 amid 5°)) reporteol that a iuiom d ih lm ’d i’MMA SV’ . is’ I I . ther m ally eros sh umi kesi

,l~ l u _ ’u .ipphis a u io iuu t o  this ’ siih s lrate . s’x lumhutesl hi sensi t i v l ts  oil’ K toi 40 X l0~~ (‘‘e mvi 2 
~us a pos mtl st ’ r esIst ,

I u s ’ ;ilmlo uiili h I  ss ’ t l s l t i s ’ i t \  w as o lep eu mt he mit oi1ximu flue shegrs’e oh eroisshiiikiiig mmu t h e ’ tihmmi. Time ruiaterm .i l ho’.
tte ’Iier e t s l i  . imis h ‘u l I l S t ’ i u i  l esus th ll ice 1111111 PMMA, tS I iCt t ,lIh’s ut  io , i- hea mm i Ci s - h l iu u o,  ~iiiti pi~~V mths ’~ t th ins i m hu s- m ul g

t l ie ’u 10111 ‘_ u , l l u i I I t s ‘.1111cm lo ll i l l  Ilium m)t PMMi4t, [his’ mesist 5’. lt liiith iilds t s ’:Iips’ I h l u  Ill s ’ s Ill ’ mumors ’ t hu h imu h t t t )

hui glie’i 1111111 I I~ ii sViilt’lt lu I,l~ l,~ ‘.1,111 It uls ’u lii’ lit ’hiure’ fh u c rmu lhlh ohet t l r m mm hl l i l t .  Chi l l  lx’ sletor s’te’d. I t h llh i mws I hit’
bi ll - iu l h  I c s I l m i l t l u l s ’  1 m m  lie’ il1tt ’ lJtCOI ss - lt ii _ i wm o t e m r:umlge m u t i m us ’ t a l s  1111111 55 ,15 t i u i m i u d 1itissihls’ 5511 Ii 11MMA.

I irI s 1mm miuipr m )ve ’ I luc t h ie rmi ia l  si.ihillis m ’ i PMM -‘ h ays ’ ,uhso m been ohotis ’ h i t Ilughit ’s Researc h I. i hom r l itoi mie S .
Mhihih ul. (‘.ilul.

2 (‘olsil s- IlieIs it t  mu m e l l i v l  nut’t ltacty lale ami d l Id s l o u i i t u u l t ’ hllIs s ’ hies’ii I u lss ’s t iga les l h lS j  positive

m’it ’ u, 1 1 . 1 1 1  rt’susl ( Rs’le’ ue ’ mu s ’s’ ( O) , A c m i l l t i l s  u t iCu  iens l w ui h i  -1111115’ pe me ’euui ob ,m. Is l o l i u l t u i h e ’ can be m i ;u t le rmue ’d
il .111 s’lt’cirIlit s’\p lIsIurs ’ l i t  S X l It  ( sIl l  2 using a I ~i mi i m x t m l r s ’ ill s’t hu . ilttlb .unol i som mu ,l ’ sl ,Ito ’i,ite.

‘s. II I.it Iu l l l s  i i i  the s- iupoh viius’r sm ul t l p o smt i o mi  mmiak e It 1tt ss i lt is ’ to ) use a d&’vs ’ hi ups’ u m ) f  hI 51115115 ’ s t umlt po%it iolu,

Gip’ .le itu m l ii I Ref s’ It ’lids’ t~l I m m t t ’ m mip te’oI t o i l l l j t lm i vs ’ this ’ so’ t i s i t lS i tS  im mt l  , m d hm s’’.ion of PMMA Its -

~ u i~ lt ‘ s  ill s ’I i/hit 11)11 55-li Ii I su 111 1 1 1 5  I ei i~’. t’hie izl1lss t ransit momi It’rnperhitti re m i t  tu ls sm bI l ls  c u e  I htm i B) is l m w
— ‘ (t ( ) h u t  s l l ) 5 i l5  I t t t ’ t l / , i t lu i l l  i ) t  I’ .mIliIil’1 hemle w ith l u i let l l\  I i tu c thuacr sla t s ’  v.111 s u g l l l I l . , i l i t lS  m at se ’  this ’ Tg u t

l’i hl 11 11155 ’ r u u h u m h h  t t ’ l t i l t s ’l ,l I I I u s ’ , 110(1 this ’ h’IuIMA resI st Ss’ lIsIiIsils 11111 5 be t ’ l l I I h I t l s S ’ml hs imleor ~x)rating Inure
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NM( p

lad 011(111 sell sit ye hiiuks u 11am exist iiu I’ll. ‘l’hue va mi slei W.ia Is ash hi t ’ sm o mmi mul PM MA wom old also hs’ cmi Ima,iced
is Imieourpo rat lt ig this ’ s’ las tomuueric isohoity hemie uimu it , l’MMA is mui iui t y le m uc cop(ulym lls’ is u_ - ou l l tai iuii ig 1( 1-25 ’

units of isouhut v Ictue were fo u l id to have better pe rtoriuuaiics’s m hizm m u I’MMA hI’. eleet ro~u resi s t ’ . h I lie’ 75 25’
- - 

e’o) po lvl mue i as s e mu s mll v e a s S  X l0 6 (“ t 11 2 Brewe i ( Relereuuet ’ 20) Itnillel thu - at adding
eile rgv-t  raiisterr mmug i s - p c  ss ’ mus i t izc m s had very l itt le e’hi’s’ci on I hue semusi livi ly tml ’ PMMA.

Pohysulfones

Poml~ sui ltoiiies Il-ave beeml shown to ) h ave h Ig h ( i ( s )  va luies (7-hO) ( Rs’h~ne muce (2  I. mnakiiig t hmemn
caimdislale s t o m liSt’ ,lS poisut uvs’ s’ kctroim u resists. Romwd s’iu and Thuonlpsouul I Reher emuce s 63-(iK I lu-aye s huomwn
t lihii pohystil lom ies s’iimlst itoile a l~Imilih y 0) 1’ a lteni uatim ig copoily lmlem s of SU2 , ami d t h a t  ami oulefln can he
shegrh idesh reashil~ In all s’ hs’etro m u heam ui al lsh serv e as goiod positive c le ctr o imu hcauuu resists wit h a sem isitivity
oil appro ixi iuuate hy 2 X 10 6 C’cm ui 2 (Reh ’eremue e 6(i), Thus’ sensitivity ds’pemuds on thus ’ uuhe llmu structure ,
exposure tenu perhlture . accelerating voltage , and mo leculat - weight. hm u additiolu to chuain scission under
e lectron irradial iomu . a second react ion can occur to) amnp hil~’ 11w Sd’ISSiOll process . namne hv chuain
depropagatiomu . [h is resu lts when two polymer radica ls , foruiued liv dh uaim l sc issio imu . spomltane’olusl y sp lit
suI t lou t iuo nomuus’r unIts. ‘l’hue extent of ehuain dcpropagat io in depends oun t h e  I ale of radical ter ininatio in
h lmu d t he name of dt’ p rolpaga lion. It t lie poly tuer chum imu eoinup he’ t s ’  ly sit’ p1 u us I l l s ’ II / es , thus ’ tl ni wml I he
loi la lly tenioived , t hereby el imninatilug II solveuii ds ’ve lopuns ’mit step. h I l l s It ! u s d 5 ’ .  is ternu ed “5’ti~)0l

deve lopu i uemm t .” I k’micc , time polysullonue may he uised i m~ Is ’s mu deveho pm ns’ mit It i tu ds ’s , t irstlr , as a
c u umi ven t mona l solvemit-developtuuemu t system: and ss’eo imudly . m u ds’ r P~Oh1s’l conditiotis . as a ss m hveiut — f ’ree ,
va por developmuus’nt , The vapor developnleuut process is inhue’remit ly imm terestin g because it ehimilinat s’s the
necessity t ’mur a ‘‘55c m ’’ devs ’loupmen l process. This’ rat e mi l vapor ek’vehopmii ent depends milarkedls- oin flue
ohs’ tmm i  s trueturs ’ (R eh s ’ us ’ muce 67) aiud exposure tenlperature , Vapomr els’veloiplils’nt may find some use in
spec 1111 111)1)1 i ChI t isli i5 . Bul l t utr iii ie roc imeui t I ahm ica i mull it lu;is be’s’ml siu o)W li 11011 to he a vt ’rsat ule techni que
dus’ 1 mm sli t t ie uhi ies in m - e’nlov ing this ’ last I i ll t u e  film ( Ref o ’reuice’ . (u4 aiu d 67-6~)), t h us  mi lak imlg
sul’useoluciit s’tehling variable, imu aoldit ion . Since imi tIle v a p m l r ds’vs’ltipnieml l pm utde ss radical s arc being
horniesh dontinually during electron irradiatiumi, thus ’ produict g h ls es c : iiu c oi m llaiul imi at s ’ thus ’ writin g

machine. h hence , for mmcroue ircui t fabrication , eoinventio tm iah so)hvem il devs’holptlient is pre t’erred.
This’ som lvs ’uu I devc lompt’sh setusu I ivm I y of all I lie pohysul Ions ’s of co luiivah cll t t huu ) les ’li h-ar weighui was h~uuim d

to he 2 Iii 4 X hO ~ (“cmii 2 lit I 0.000 vol ts, Hemucs ’, elmillee u t  hi phlnlieulan polysultone as a resist m’ .
o leterm inesh (iv co insishe nimug hihm mu’forii iimug properl is’s . etc h resistance. b m w  rats ’  oh v~poir devebopmeium , etc .
Pohy( butemme-I .su If ti l ls ’ ) hum s bed ’ml cbios s ’ n as a promiiisi mug sul I hone resist ss s t e III aceoirding lou these
coulsis lem at lulls; flu it lie m Ihio urs ’ . it lulls ext-ellen I overall rcslst ~1r0 mpt’rl Is ’s . 13’s 5.115 ’ lii i Is c ou nt nmlh iuig lilolhceuila r
we ight , muh o ) ls ’eu l3ir weight dist rihu m I loll amud po lh ylIte ’r d issol lmt ioml uiiecbuaiuis iiis , Ii st ’ i s i l ls It ’ s .11 7-5 X I 0 —

(‘-c m iu 2 c - a tm he achiev ed I Rets ’ renee (iS I. Omle’ serious drawback mlf thus ’  oho’timu si i lfoim ies . huouwev er , us this ’
poor ls’SlSl.ItIt ’s’ It) (lii iuill l u img or bas’ks pumte n imi g. Pmih y( stvrei i s ’  sullou ie’) I Re’ts ’ retu ce 70) was foiumud io be
m esi s t ; i mmt  Il l  ion etc luuu u g iiuit with l a shecrehis e ill se l Is I t iV i l ’ s  1(1 I X hO - (‘ ‘ emmi 2 (sti l l  higher Ill-all h1MMA)
hIs .1 1t mI ’ . I  I lV s ’ I s’sl s l -

[lie ohe ’vt ’lol p llt s ’mul 0 ) 1 p tu h y ( hum u e l i e ’ I .s I I l l l ) i le) ‘s’s ,Is his ’lsl lip bs hull  I l l i k I l t iW l I  S t i l i t s e ’ o Il piuullo ls ’s itt
s’te lleo i cht r tmm uus ’  Ii.ilteniis ( tou m Il lasts ’l u nask) , h Is hl ll s ’n im ig lhlrs’e linus’s t i irmiui g li hi O 2 — pm iu 1111cr Ills’ oIs ’ t tsmt ~ uI
thi s’ 1)111110 ules V. ,us I Col tut ’s’oI 11111 m ke sh ly , II u s’o es’ s’ I

h hi m m ius ’s u i  a / f  Rs’ht’ rett es ’s I 7 amls i 7 1)  reported 0)11 s e s e lh l l  t ui ictuomia lhv subst it ui ts’oI oiheflnes . ineluidiiu g
cychom pe muten e amid cych oh ue’xemu e , t h a t  li -av e been cop o l hvn her i l t’ol wit hi S02 is t u u s l t  ivs ’ e lect roii lieu mmi resists.
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Ih is ’ ss’mlsl i l s l l ’ s  ot ptu ls ( dsdl mupeu it c l l e ’ s t l l l m l l ls ’) 55 115 1011115 1 Iou lit’ 7 ( u  X 10 ‘- (‘ ‘ t in 2 1 1115 lo ’s ISl h~ I5 d  .1

sila lg h it—wa l l s ms ’lue’t  hil lel sls ’ ss ’ hul h m i m t e ml t  h u l l  ouih uu tune t u ia l i.’ lill h. p t l )(5 .l15’5.’iit ’’2 . l sl i lh m ~ is’), Whliu .1 smi fv s ’ m l t

1* 101115 1 imu whi le ll thus ’  s’~~1u ,us 5 ’ml a m ls h umls’xpose ’sI portio ils of thu s ’ t ililu cxhi lhl t est hi I lu(t sls ’ rh i td’ Iv large sti l ’le is ’ mitiah
sol hIiI ii luls.

Pol ( Meth y l hsoproi ~n ‘
~ I kot oils’ I I PM IPK

1 cs - mile m l  ill I l~ m ’ l s ’ I s ’ I I s s ’ 7 )  t e p u i i i s ’o i m i l l  pul l ’ s  I l ls ’ IS tm h iuis’l hi~ I Isul I t mou pemis I ks’ tom mm e .us 1t tmsl i l V t ’

s’hcs’m r o mm l s ’ ’.Isis St’ I ISI I I ’ . Ille’’. m u l puih lI s’I’. ‘.51111 st ’ S s ’ lh i l  s i l l S  I mi lmut l imnl e l s  v .e ie tIs’Ierillllis’d. hm i l m m r muia t iom im

m s ’ h s’Vhimit Ii) I l l s ’ illd’s’h lhl l I i5l i l  m u t  s iC lt t i Is IIICI1/h I lIs)ll was mui ita t mi s ’ s i ‘.5 s mmlu1 ~lanimI g Iio ul ioip ohYl i id’ us v . u t i m

t m m l x u l5 lu i s ’rs . uluoh Its this ’ miss ’ oI l , m u l u t l t l s e s  ill this ’ l i l as h ih i t e s l  1itilvmt us ’ m f l l mmi s ,  It was sllm uw li t l m ai  tIus ’ prm him )’

Ilis ’s I I , I i t ISOi  I t o  h1~lIi’K u Icgi:isl hltitiui Ii’s s’ le’e’ tro m mm ini as l ia l i ou uu is mm o m l a tr ee’ Ih idhi s ’hiI Ill lhl I t i l is ’ . I lit’ se’mlsm t l v l t S

re’ I iuu r t s ’s i %‘. ,iS 2 ‘ It ) t m 2 X It) (I (‘ ‘sIll 2 Im M bl ’k is Cmlili hihlllb hs’ s ’ s u I l l  l imIt te lt’d III- and ki h~
s’t sh ih imi ls . t . uu l  lie ti’ .s’d III 11 111111  pnuue ’essuiig , .i mu m t  Ills gotldl , l m l h m s ’ u c l u c e  l ou  Si() t , & ‘ r hlmu d Au. I lie poll) mrut ’r Is

,uiupars ’nt hs .it l .is’kes l (is :l lk hi h lmus ’ els ’ hm aiIIS miua k iiug (‘ i photoimluask pto ld t ! ’ - I l u l i  slII ’hle’o l h t .

Other I’osit ise I’ hee’tr u i u Res ists

)l 115’ I Ii 151 f l u  C s’le’i i  10 111 fCsl ’s 1.’. 11,11 C lit’s’ii I s’~ Ii)! - p1 u)y( Ills’) Ii I sI v m elms ’) I Re f ’s’ is ’ lice 0). cell u lomss’

.IsdI ,lii,’ , s’ s’lluIlOse t m l h i s ’e t . i t e .  j tmt ls , le t ’i.l , It ul ls Nit’ .olts leiie and vmu uy ls ’sI s ’m p oilv mmis ’m (R e te ’memu ee 20). hluit

ilI~”s ame Iu ’ ss a I m r , uc i iv c ,ms uIi~’ resists described above,

M’ ( . - ~TiVt ’  I - LI-; ’.,TRON R I~;SlSTS

( lOs s 55’ t 111 1 11  p rt l f l le ’’. tmf silug hs ’-ss’alu legalise s’ lee llol l—ns ’sms l lines w e t s ’ cti~isi de’res 1 t b ie ou re t ic al lv Its

i hs ’ imb s’ mi rs ’ m s - h I m l  a! I Ret CI CI1eC 73 ) h lmud L . imu I Rs ’ fe rem uee’ 74 ) . I lemdeturs ’mc lu o f  a! uiseol thud ’ slept li—eloise I bis’on v
.11 5’ Is’s 111 111 5’ Ils’ I gs olissi pa 1 111mm I Ii Iie’glIt ivs’ t’lee I roill I es Is t ( Refers ’ mud ’s’ I 3 1 a muoi II q uiasm muiono—euie get is’
,,IIl’ .sI,li u 5t h l t t s ’ r l t l g  t I m o ’ tu r ~ I Re h s ’ I s ’ l us’s ’ 1°)) 10 dertve t h u e m m ret ic al  Cx l lme s %lo ) l l5  foil slmlgle.hllue prm it ’ihs’s using

I lIe sj ’ s  P1 151 i I C 11 .11.111 le’i e’ l ’s m I t  I be’ s’\ ~~1Su1 re ss St clii, I’ Im iust ’ 
~~ 

(ihe’s sss’ i s’ s’als ’li Ia I s’sh (is eom uvoil nil i mug thus ’
• . i l l s sI, i I l  ‘.u ,i t t e l  mug ml i’ .i Imhiu l l io mlu w illl t i le s’x t is ’ riu h is ’ lmtalIy sl et e rm uu im us ’ o h Is ’ lallul uu shl up hs’ tw ee mi res Ist this’kiit’ss

11 ’ l I I , i I l I l l I k ’ , l t i s ’ I s iesel u) Ii lii eIll alus I immp u it — e l e’ctroi m u elmise , I us’ ms ’si i lt s shui )ws’o l this ’ il ilpmirtam lce oil gu)olst gel
i l t t gl is .111 0 1 hugh s t O l i  I , u s i  i s ’ut ui i re s l f o r  tie ’gal i Vs ’  s ’ lo ’ et lol i  I o ’sISis oisesl i i i  huig hu rs ’ ’ . i t hui t mo m u ahip hie ’aiho um iS . T ltcir

11,11 t i l l s  fes l iii Ills’ ei l m ) l s s ’ tu l m l h i l l t uuu i l i i  ex poisure t i l l  the expost irs’ s ’s \ ls’III. II- ws’s’o’m . t u e  a ilal) t ica l
,‘\ ( i l s ’s ’ . Im t I l  iii t hms ’ s’ml t ls lds ’ lh l l i m t i l  , u h t t i v s ’ s’ tlIl lhlili’. Parhilu ie’t e rs  w hiu~’hi hire l im It  reh ls hi l ’s- oi htaiuu hlbls’ I’uii h lti

.i rbl l l , I l 5 d t u i i l i i u l l . i t l m u l i  mI t  l s ’ s Is l amu o l s u ih i s t ra l s ’ .  l iii ( Retere iuce 74) prs’so’nleo l ~u m m u s’t hiiio i m t t  ca lcuhatimig
ils ’g,i t l ’ s , ’ resist  - h u m u s ’ pu ll It ’ s II m mi u i  

~~ 
am ii e t t ’rs w hu iclu h it s’ all ex ps ’ rumi t t’t lI il ls Im ts ’ hlsi lm abbe , l’lms ’ mne’t liitd us

t t ,us~’~I 1111 I l ls’ lI ls ’. isI l ms ’t i l s ’l i l i t t  l l ms ’ t ie a l i l  s’uirre iii ml s ’ i u ’ . i m s u lm s l r ml ium t lsml i  IllsI~ls ’ t Ile’ 155151 I’ihi mi ails1 mlii this ’
II Is ’,i’.ll i s’t l s m ln l  1 ,151  .itloI tttllililliilui d1 155’ rs ’s lo& mre sl h’oim I s’ Sl% I otevs’lopiiient - I his ’ It i m it  m b ’  s’, ,i’. ioiui u isi i t t be

1i. i I b i l i u i l u s  svl memi Ills’ s ’ \ 1 1 . m s I i l s ’ ul m u ss ’ , this ’ 11111 III ilhu i t I l l s k mi s ’s’., and t he isealii lasilll’. umu tIme ls’sI’.l 111111 were

h i mmm Ps ’t Is s t i t i s t ’Ii

I l lm u i l t 1usm u t u u t  dl I Rs ’ fs ’l,’uI, s’ It simm o l ms ’ d this ’ Il_ Sd ’ uil  lilti -s t ) i l1igs’ s’\ Iilmsliit’ t i llt ’g.uul s - t’ o’bs’ s’ l ru im u Is ’s l s t s

I lus ’ u us s ’ ill S . f ) t l t l i u l  ‘(t I) tt( t .l t C s ’ls’m.l t ili g s m mh t S  55.15 houi iuol to he hisl ’s .lll t , l m ’s’u ulls i lls’ oho ’o’ mo ’hlso ’ Ill s’ r it i ea h



NPmO 11’

doss’ 551111 ols’e u s ’~i’ .mii s’ .id-cel e la t uil g smu lu. i s ’s’ s ’ s j s  s h emmu u u u u s m t . i is’d, l iii’. l l i s I s ’ .Iss ’ h I  Ss’t l ’ .i t i V l t \  5511 5 shmom ~~’il I t t  lie
s iti s ’ lou liIt’ is ’ass ’mi o ’ Ild ’ t g ’ s  ml u ss i 1 t ,it u t t l i  lii i l ls ’ 1 5 5 1 5 1 t u i m i l  I Rs’ls’ ie t mee I 31 I lls’ lll h lt m i t t : ist mi u 111.11 fimuiit s this ’
hils5 o’si 111,15 Iu~,il ‘ s u t l i h u g s’ is Ills’ his ’ l ls ’ ir; it lomlm t i t ills’ m.’Is ’d m lull lto ’h l l l l  I l l m uu u i g ll Ills’ lO ’s iSI  - Th us’ ett s ’ ct m ul s t t u 5 C

,imi oh , I s s s ’Is ’ lh l I l I Is’  s l u h I IiZo ’ mm ml  huml e w id t hu 55115 smuiol l s ’sI , Iouii . II 55 115 h u l l s 1  t l m a t  l I l t ’ s’~ hi0st’d bl u e 55111111 I” u t u l s d ’

ol e i ms ’ mud s’ uu t , .111t h if lii m,’h l ro’’.m u f ol t l o mii p~I i ls’r mi s are Is’sh uimrs ’s t. tIl t’ sru ti e’jh shmu ’ .e’ I mu u sm iu s .slmmuk im i 1 ’ sll m nihol lIm It (it’

s’xee ’s’deol , It ‘so ,i’, ,ihs u ,u lu I ls I  t h ih i l  t i ’ s s l s ’ \ I i m u s l f l o ’ tall s’.iiiSC hI mhis ’lllls h l t ohs’~’i .islhl t i I u li m i t  h u e  ls ’sIsI t u rn, Thus’
e l te5 - m i l l .it- t - s’le’lh ill lu- 5 lt .ir’s’ 0111 hil ls ’ width Ps ’ rmb iil us 10 illS’ l rhum lsss ’ lsd ’ se hu l ld ’r ilug s’ Ihcc t I Rs’It’me um ce I 3
l imo ’ line uvislt h i ill .1 t , u i l t ’iI ! l I , Is ’hiss ’s w llhi s’ t t I l ,~.’s’. I’his’ hi dvail t ag s ’ Ii s o t i i  k i l l s ’  .11 1 1 5 5  hi~

- s- e’ le r ’.i t i ng ‘ s tu l l h i gs’s

‘so ,ls s’Ieai ls sls’ Il l t miist i , i ts ’ s I .

t pm)xi (Ie— ( OIitJiIuiiug Negat ive Ilectr on Resists

hIlg il ‘.s’ l lSl I l \  I l l s ’ s  t m u  s’ l s e t r o u i i  bs ’hi mt us lihivs ’ t is’s’ mi tomuimmo t I l l  e~i ml’ um m o h s ’ _ s ’oml i au I I u l u g  l ul l s l l ls ’ iS I Rs’ Is’telids’s 3 ,
h I,), 17 , 2~ hInd 15 7 m l )  I his’ gIs -dl o Is h ti s’ liui ”s\ ~lt u i I ~i 1115’ I (m ui l I d  to us’ hI S C I S  s,l l l ’ s t h l s - I m l l s  cl m s ’ m m i u s- a I hv
is ’hI s’ t m % s ’ ‘s pCCIC’. 1(11 ul s ’g.uIl ’ s ’ s’ s’hee’l ro mii ms ’sI ’ . t s. hI l ls  g r lll ip 1111’. hi lilg Il t h l t l i h u l m o u m i  s m l s t d ’ 1tm lh i I l IS a m Id can hs’
t’liSil’s int’o u mp oml h l u eol i ili m l a 55isle’ %‘h l i l s ’ls 01 ~h tu I ’ s  l t ls ’ Is .

Epo,o idizetl 1—4 Poiyhutadie mie, ( Rs’ t s ’~ t’Ilds’s 7li au i sl 7 ~‘ l [bus mC sisI  hi lls -a Ili ghu se ’mlsut 1 5 1 1 5
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Hms ’ws ’ m (Rs’l’crs’Iis’s’ I ~ I evahualed a large titlllihs’l imf I t m i ly m i m e us as to t hs ’ i m electron irnadiatiomu

‘se’ IiSI I lV It I t ’S h lt ldl t h u t I his ls , Results iumdi ca ts ’ t h a t  thus ’  Scll Sitiv lty (if negat ivc resIst Increase s pr mmpo ntio muatc hy

witIl t ime hilihilhs ’I h u t  v i i i ~’l mi l u i l u lts,
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1ff’ 6 CIII 2 
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buoweve l . all a ppars ’uut ~w elh iumg o ) f  t hue resIst patt enmi , Ifl Imig hI resolut iotu, was fim un d ,
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