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Broadway, New York City, New York State, United States of Anerica, a Cor-
- poration ..organi-zed-and-existing_under the |aws of the State.of New York, .
LNi 186k —StAreST 01 Anerica, do her eby decl are the invention, for
whi it a. -patent 5- may be granted to us, and the sethod by
1. : “be” perfor med, to be parti cu- 5 l-arly described.-in
and by the “fal | ow ng statement-: Thi s ‘i nventi on relates to
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;application-in Tt to, the generati.on of m
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PhOt or S&?} BegAtd. ye2nent 0123 ﬁledﬁthé 2or glgnd ¢ mat ¢f
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' ,},ﬂ&é §slcifltidAablkhed & OGHIS7Dr by el ect rions.
ntemn:ﬁ?@%‘éxﬁ&ﬁon&i(ﬁﬁi?r/mﬂ beams of substanti: :
%& F Sikanmeter, their " 15 use in eneration of

ﬁir 4‘,{%@4;@”‘1{5{ I4HYpreferred to the use of when

extrenely
usi-ng an op exposure, and they have a nuch greater

dept h 2)%“5?&’1‘ oCcus. Tr(lje exposur e of a conyentiwagl positive
phi oreS| st invol veqsgdﬁﬁbHODSaQ%%i{(ﬁgE g:igB ?ﬁe exposed areas and the
1 cal -'reactions invol ved.are cl.ssonvor degradation = 20

z@‘mNm mcem@%%ﬁ is

whi ch arso req% Sy SRaGE RlEIREE

type . of phot 8 vygﬂzl@{y Néve ik Saase; tat ‘MX“{%@Q} ies - for
proper expos gf a‘é,véay’&&%w dMBummtd@rr@ flagp of th mieze [{r@qmtraepateed ectron beans

are not - V\ndelstat&rmlm;eech, ldmhirﬁ’g %fégd%“(“‘gmmﬁ\@%rw fRHfGrmb d)actbermvté’“ 3 peen

successfsll | y ey ezpsted I“é gfﬁ%l p-OSI tive. phot resis re di scussed
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"Kodak"’_( Regippficte@dn, but is not I‘m‘te‘l*attw kb otoresist (" KPR Registered
Tr ade I\/ank) ablsdelétl(@d’& hatotedist i egmrgamc material th&swbﬁﬁln g‘:ﬁ%‘hlfg reacting! Stered
Tr aemar kj'. The e &Eﬁ%{;‘mﬁggm brds | 0B fthel tspeblafss ss :eactlons are odthm?rl zation
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"Kodpk" Ortholl éijmem 3 a6 Mha r 0 chuddt better resolunon ca ab. ee@pht er ed
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gro Exanpl af f@s. Itltheip?s %e 1& imrt on: E@zﬁﬁé bhhdscwllﬁ ﬁﬁt reference .
i .

to usé 020" KPRte gpgged & F bsorption of light ¢ Or eleﬂftves @F‘@%‘%I @g}
i nsol ubi i zat i &aflfhrgsm 3 ;érﬁmisdasm@rfpﬁl nﬁiuhau ﬂ::t BaSe
sx er &M&xstslgre dEfted by§é1c¥ esi Sk has

bel i-eved:'t o ber cadchmbbeens é)rn@a‘ﬂ‘
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tlve
t he foll'owm ng been successfully w Fron;Senst )
1,291, 44125 - el IﬁM ]o:tw::(gmmon negative photore51sts in current use ar«:.l ‘ﬁoﬁ i’ ('llfleligrllst;ll‘ﬁd;l
R . 1?/1;?1:) Photoresist (“KPR” Registered Tr‘a‘lde Ng’ark) -an B nols T the
i “KTFR”, Regxstered Trademark). The - KPR” compdsitio e poly- _
e of vinyl cinnamate, W while “KTFR” 1s“based”on the cros s R 20
i ene dimeis. Other members of the KPR group. areAnother LS
Ay _._3.\30 Ilrﬁnza.;ldd l‘s‘%k” (regxstered trademark“for dallf’?d;}i{, alOrE‘r;gthe‘ﬁls)t) belongs roduct
“:IIE%APER”’, gl(;f:lg;stg:d il d%x?%crﬁ(e fr?:entlgg wxll be- descnbed thh pnmary reference

amp:
€< 3 (14 TFR” b t .
© usgr%fc cl:ifsls{lml?r?g fnd msolublhzatlon of resmts is a complex phenomenon, ut i

believed to be descnbable, ‘broadly, as follows. A “KPR” type resist has the following
general formula: _ _
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The nunber average nol ecul ar weight (N A M W)

t he

wei ght

Upoh—-exposure—

[err]
1). The
4- menber

(3)

i s 180, 000- 230, 000

(1)
and

average nol ecul ar_weight (WA MW) is 315, 000-350, 000.

ight or electron.energy, a.diradical is forned:
where A is the "KPR' " nononer (structure 1 where n=

t hen reacts with another diradical to form a

product ;
10

3

fol | ows:

10

The, " @Eﬁa'tﬁ"’zpe)i-r esi sts can be. char acte@zed as

e
g=0

n -

T M

The number average molecular weight (N.AM.W.) is 180,000—~230,000, and the
weight average molecular weight (W.AM.W.) is 315,000-~350,000. Upon exposure to
light.or electron: energy, 8 dnzadxcal is. formed :

-y

=
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i

B-H-a—o-
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where A is the “KPR” monomer (structure 1 where n=1). The diradical then'reacts
with another du:adxcal to form.a 4-member ring:

(&)t ~ E—-—-—-——-(A)P |

3

Further excitation and dnnenzatxon leads to an insoluble product; no free radicals
participate in these reactions.

di cal
ng: [err]
2Further excitation and di md2Pz4ti on Ieads to an insoluble %
+.no free radicals 10 participate in these reactions.
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[err] The materials, have a N.A MW of
65,000 [err] 5,000 and a WA MW of about

100,-000--and- ar-e--i nsol ubi | i-zed—byfreegadical—reacti ons.-Thus-radi-ation

pr oduces ;I s diraical:
D L [err] S - S where* .S ‘the
--'-.;-"'_rmnorrer of (4) "The diradical reacts with other nolecules .un t he
free radr cal ter m nates. For good resolution, additives are 4§elieved to
- be incorporated T 1,291,441 O keep the char-n——&he-r—t—' I'n all
_of t#le ‘above  siructurat—ermurae, The subscripts. (n,.m - m@
10 7p, s, t) .h%f“grrpkt_@wmkm@gwcmm@‘?a °Wdetermnat| ve of ul ar
wei ght.. WtrI - "and "KTER' - -are, i'nsol ubilized. by
di f f uent NiSTY Hirésult in crosski nked" - =" 7 systems.. . :.
.. The procedures for: gener _t| ng og m CEggm ni at\yre - pattern circuit by -
-zel ectron S U RTIS! 5~boprba'r"drrent Yof a photoresr st are wel |

7 establi shed 2
. substrate is..
- glass plate. =~ ¢ -'c".;aeng > ghot onesi st |s di ssolved in a
sui t abl:e sotvent ™ and app |ed to/t bstrate, whi ch -
may then be spun-.at-a-hi gh ',eedﬂto ave /n even fil mof t he photores| st
havi ng a >d "t hi ckness on the: substrat@,)surface

W, The
fer or a chronmi um.coated -

1. .ar-e. ST -‘2 B |ef|y beI
typrcalty a"oxrd zed

- Alternati veI"y:’--'ii-"- t-sol vent: - AMW. sol uti on ey
Be sprayed o0 ekt C 0005 dvarstoh WAL °§ rates
{'medl at el y These msol lz’flitdfywjregepr? dikal phaibwsr @b‘}ss‘tad‘ﬁttfﬁt%o Subst ra'se s
drredé?ﬂ’. aﬂ?gd‘ﬁbrre 1y, “fo drive of f--any rensin-". ..
|'ng sol5\/ent 5-._ “To |rrprove.,adhesr on. The' coat ed substrate is then pl aced
in a vacuum . = chanber d V\/nenciqﬁe vacuum has been establ i shed,
is radiated |'n--.,the desired- pattern and with an
. appropriate dosage Th@,._coated radi ated substrateis then
pl aced. rn a devetoper,  Whit h-i'rs net for the.solubl.e portion of teh
resist,” to. di S-. ;N Hc—sﬁ—ve”(ahd renove the unexposed
-port|ons At s agal n drl ed o} _b(akedcn The desired”™.
~pattern area:on teh SUbstrat'e rsnr}ld\)v&ree - of “any coverr ng fil m and
et ching,_ pIatlng or : oxrdrzrsngfollows After
‘this step, the renaini ng ..r-es'r'st Ts stri pped off There are a

variety of |imtations:inposed upon the radi t |tgq) i BRlecult¥/imtil HRSE are

fudly coveredln g Rendbrdimeraatt(4X [Th ~a f FRtkvai e e dryord sunmari zed.

hete : free radical termizg@s. For g0 nesou o8 “3(31 fbrhﬂlaam w Mi ati @g nust

fukl y eXDOS&o kévp ihe qbﬁbtsll?etg g{[l Bflé-‘nlte”" iwecof molecular;veg t. While inked down to

t he Subsior at €2k ﬁ&ﬁ g‘agﬁg‘o Mméﬁﬂﬂpmwlégﬁ’ S0 fﬂlt ?I oat . of f when the
and

under - ed- th&Bﬁxﬁ&i m dtmobwéeF“P‘h t he

ﬁt Y1 ng: .u.gdev -0 ‘(/ﬁl
devel oper. On T erheopxtmetkurﬂ& g I éstablished, . 4t causs
stripping probﬂnén’ém%ﬂ hAc) ﬁqs) Qewelem lrvaﬂ:am %)Fifl{“’ A e i}a v}%gchradl ation
necessarip to 5 e _-“rfg_ &ce;npmwhesslrvﬁ a‘i‘dﬁﬁﬁﬁﬁd 6k tg&ast;mhlaz;al ar wei ght
of the materi ghy ek Epangtmbsh | aﬁ‘@e@tlﬁvap, thel':h@oreSiS%-, ncy of the
crosslinking a@&dtedahsknFss _

el ectrons, pesddti : g%i%bs(a;gadh@dhemm
fact or's. 2For .15 %ﬁé’m jP asveliémoudégle%ﬂ " “1

t.hi ckness t hatchﬁﬁ;&- e, drbmeih he coated and 4ad1ated substrate is then
1,291,441 pattern and Wl‘::l e g‘éﬂrﬁti gglvegnt for the soluble portion of 3 re_;lst, ct12s ﬁ-le 1 el eabrons
i's a_bp_ut 22500 ol edaﬁ m mﬂ sﬂgpoggnff ggycgégggg‘mggf& hing{Platioper ot her hand,

attern area on the substrate is

ning resistis stripped off
oxidizing followsa e::gt;h‘s Sfiﬁlf:‘jofﬂﬂposged upoi - th(:ﬂ ra%lat;ng step,zzgt l;c:::c are
full 'l;lcﬁere?ir em the prior art (listed below) ?31(11 n§§§o§e ¥hceph0t0reSISt all the way 30
0 yBr jefly, the amount .of . radiation must- fully ill oat off when. the under-

develor d photoxesmt
d."“m to_the. subsg&teﬁomredssjzttif dg:olvpe .in.the deweloper “On ttriee oth;;ul;;nd,%;z
. tindeveloped :p o . problems -and. even, polymer gra of the
Ch ‘tadiation will catse Stripp photoresist is 2 function -

ble |
: amount of _radmnon ecessary . Ttﬁg gzgiuamount of radiation. The. efficiency %

ed elegtrons,
celerating .potential .of the.

functlon do::gng;el)a:nd other . factors.. For mstdange, : 1}?\7'

it ‘the ‘maximum. film, thtckness that .can: be .developed by
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photoresists should initially be at |east 6000 A thick to avoid pinhole

probl ens (a 6000 Afilmw Il shrink to about 4000 A when
devel oped). Qther limtations which. nust be considered are el ectron
scatter. w thi-n—theTiTm and back- scatter fromthe 5 - substrate t hough .
these are of a |esser order. 5 °
Prior wor have carried out extensive studr es on the f or egoi ng
limtatio particularly with respect to the sensitivity and
resoluti on4 capabr I | ty of st andard resu§§1s441 Thi s work need not 4be .
descri bed—freretrv rs—referencet—betowfor—teackgrowmd—:
i nf ormati on: 10electrons is about'l'ﬁﬁ@ﬂrﬂ, bt 10KV elefitoas israbowt Bedn @xp@g‘Lha@;d, of .
Phot or esi st " ish cat least A thick to avoid pmhole WIem;i]ga_z NQ/' 11,

0 a out '40 evelq
Nov. 1965, pp sm:d are electron scatter ﬁm EfFoM gl and |on
Beam Procegs fogubMaeetﬂangE&k{ewaloﬁﬂesseer&r 0- el ectronscs

and Reliability, \/Btior workefsOigSe cqoyied duf3xtei@ite studies on the foregoing Jimitgth Pt al ,

INeasuroment of ekt ey oot refugn o g

El ectron Probes hng ron Beam osure o 2K Pho resr st

15 : Thordityl diRi, “Eledtion Bkam Ekpbhte— dirmlotEie%t’,r,b iElecrmplieink Soc/ol . 1B5,
No. 5, 1967 p. 31 Vol 112 No. 11, NOWﬂ,a’P 11 5Re n E e,rr&ron Beam :
Exposur e of PhotorE@F@ o e%?&?ﬂ }g&f °°°3‘°‘3_m4‘°" ectronics s ol ogy”,

Vol . 5 No. 7-8, JK!MM gdlls‘%n enthul?s ieﬁ&lCurrent Density Nd@uddn dehese pri or .-
wor ker s haye nmade an l&irﬁroﬂ’tobéschyan Eremueaeimma Bdsurg) hbu@daksl?hstoreﬂﬁ 15 B

conposi tions, althou sf, Zeit. & iLipht- troningpik Vel —‘nd‘f" T Ps%g B
appreci ated the pr8&8 gr" kalum “‘Y?W A e F‘Ttl o

T ”. Vol. 5
exposur es, Such N BEHBdn :ewﬁerse vé ma&r’any T £I&Hb5nvenuonal hoggRer ators,
t he maxi nuap ex p@mpbéumatamuanas bignifichre do dpwe thiveherelewéttal appredimsl the prgr-esentdl y

avai | abl e resi st1°§15 “é‘Pf S&Tlal “@F’ts‘mh ‘%% ﬁgd‘gmﬁm mc‘tlllt VWi | e
prior workers wifs ffgls T Pt s to 25

it,
generate smal | pat tmmgn&i C dvuetttbntﬂaen Avaloprebt 6f Jedstd L S,
wor kers in2fhe gaﬁtate small pattenfsrlamkaed with thh gepilahih !stmﬂfwryhdteores” ts
were first enpl % E& ﬂimsands ofalpm undsphomrl%“;ltsons gmenz% 1m§:tors, catalyzers  an
conpounds as. philoiiaky i rah Mgﬁ&% et A e an@'soxum of
sensitizers.. Thehegh oztdikttbll@uwﬂ/aparg@new Teagthl Whi ﬂﬁkeas&eatdhﬁsumw«edl Vi t :
r esol uti on3of lgtgpthe f011°FV % 3 3,2?55 “’-H“'sﬁﬁtltfq ‘et ®09savel gth. .
This work i s not* ;‘g ited States
patents are consilmgere repre e atlve f BF fﬁ %LJt%sP&m'pj% 831, 768;
2,861, 057; 3, 168; 4Adcordihg td Bp2Bfkct &, rﬂéigeﬁﬁtétnvea;oii&ﬂe;e?ﬁ ;brovlded a method of An

Obj ect of Bhe p rRIaYig Ihﬂ\ﬁé’m‘?l n°f| Fb\?‘?aé@ ’r‘° gt cotrposi - :

tions. °°atmg§£% 2’3&2 %@ﬁ {ﬁnl on there «

i's provided a meiduise x of vmyrraﬁ:ﬁmta&at réhbﬁﬂ&mé)ensﬁtz&ho'f or esi st

coating to el ectbmograxr aglamgingtal cnmp%m a Bitallic mmety selecmdaftonngetas mubstrate.
Vp?f eriof

th a sol ¥nt GreealH tTable pving; 4 bap peatrgpan 40
che generat i on gkﬁi % h%ﬂa Q‘?ﬁ% st olesi st

conposi tion Accot-dihtg tbl dilgr esp tiod It m@fowaatrmhahdar a
pol yneri zed i.sopf momxdthtt beasitivén of arphceweswt coating to_eloetion danoxocogmnmzet allic

fi
compound ha#¥i ng °3a“ﬁ% %Dofa%l lﬁ‘fézﬁmﬁmﬁ%ﬁﬁ, lﬁtm S @,ﬁm%ﬁ%a%"e ouffs

(I IVorVofel er than
40 ampgmphmmtegbnaramanmmunt of up to 5 per cent of the
t ot al corrposrtron - so that the sensitivity of the photoresist
coating to electron radiation is |rrproved : According to
anot her aspect of ‘the present inhygm I2\provi ded a nethod

of inproving the sensitivity of _ _i._ng to el ectron radiation
conprising 45 coating a substya¥e wth a s yent containing a R
phot or esi st conposition suitable for:-the - 45 generation of a

pattern andpa Sepaiel RAEL rddRRINBHAY one ol S1oRNAUHEH RithsSind GOWRESE L&QR stohC! UdEANT

-

ei ther a pol yvi nydjacedt e@apldyE rifig isobopded ytrexnotiee drolS s eimbleabld e bagnsi tizer  +

bei ng an present amom nél d prraperit afythe fotal ertvalr, s¢-tatrthe sensmvxty 50
wherei R is a rdged ‘?t" ctipn 1 mgqlg ich a
carbon atongs S0 pesists whzch res ed réhBrivi '&W hoio'rc@ﬁ itsélf vftPoieanOt hes

atom by a doubl estdadaadl n ebﬁbtngsnst 1s nnproved incladidg novel aididve® thedeinOThelp t0 5
per cent of the ﬂl@t@mﬁtcﬁl;g "rtlesrf}"lp" tiges regpiiefl \fot fplly expose 8 of the
phot or esi st coat T3¢ Brow ﬁ‘tltyd’ﬁ’“‘?’%fatf“ﬁt“?v& BEFBved. The .

enbodi nents of the invention provide addltlves to st andard negative photo-
55 resists which result in increased reactivity of the photoresi st
itself. The sensitivity of a 55 standard negative photoresist is.
I npr.oved by including noveI addltlves thereln The qux denslty S

. y" I T T I - S
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Several enbodi nents of the i nvent ion wl I now be descri bed with

——+referencet

FIG 1is a plot of resist thickness vs fl u;< density for exposur e of 6000
A films of KPR and. KPR plus dibutyl nmal eate (dashed line), and KPR pl us

dibutyltin mal eat e (solid line); FIG 2
is aplot sinmilar to FIG* 1 for KTFR (dashed |ine) and KTF _
+hexaphényl di | ead (soI | d line), and:291,441 FI GS. 5 are
“plots Aof resi sts 2SS vs TIux. denst Ty Tor _exposure of BU0U A

filns of K'ggcgn m FR‘%PWS&%%?WQW"QFWW thehe preferred

addi ti I ?(Eegfl;ﬂcr&;w%) A6
N e %Rplfﬁgélbﬂmﬁsmma m“}‘f'&faf%&“%“imw: to a

éztzrrrs“:sr& SR e 8T e ot sl
: One  group of..& 'Bltue&rd v ki@ Rt. ﬂ%&)h&my%péxﬂﬁﬂpmklc conpounds

" having films, of: KTFR (daShctha\ayd KWEReplus mﬂﬁyox@eslf&ﬁtp&fkmd idafwést oups |11, 1V
or V 48 thé’°‘ﬁ§]‘“F)c sed her.ein,:thelterm
Cheavy 1ot Lok SR 3 P'a::,%%t i ﬁ“@@rﬁm‘ﬁ%m 15
. greater t han 30ne grbhgsdt addiives indbdes fo s&l ure of
ebectrons pe rhegmntetal moiety selected from’ Grofps UKL, aAVichr tvhofsrha Penodxtsra‘able sr eased

Rt

reactivity, il " iscﬂeﬂfteﬂés a tlavmg etomlc aisberconcBnt rat i on
- of the ‘or ga%g@h i ?ifﬁ% emaz é“lt it =
ig below 5% alibk éoScenyeanian tﬁuut Etﬁ:pb@agﬁ!ﬂe soﬁ?&a st ol&uoho 2% (all
per Cené@ esi}bdggﬂiﬁgwiggh;wlﬁgmm mra@ abzvgt %lt}rltlt;;t gﬂﬁmir):m;ag‘aanﬁgztor alt i ons:
above Wi o Y. De:so t sol vent :
‘and, ‘i f’ the1o§ztgl)lnp@a g ﬁé%ﬁxfﬁm sctﬂf E}ﬁﬁﬁé{{‘{g ‘,’:E:fm Eél ution will be
.l ost. In thbegi:nﬂrﬂhuc(ss :free) .photoresi st organonetalllc ;
- concent at | O group - of addmves mcludes wlad:hl Waﬁlgg@omdmmto&&%

Anot he____ gro %%gﬂw}@ﬁ) su el ssd®iate i nt 0
free ... mg crossk Gre] y ehg s sof the

resi sts; thgsomdastalllubnolﬂmrcmgoryh@nmo’ﬁhdsrlawnﬁﬁeneml formula: are nany

but _gost have undesirabl e side effects, such
s dar, W Choyt any exposure. Many peroxrdes
oxi des. fa to this category. Conpounds

_ _ [err] ' 30
whereiy) R 'E aRradrcal havrn ‘one or='-re carbons and - wherein a carbon
15-.a:‘radical: havmg one

agj ace t to hgore n#saﬂtsend “Qo arddt her atom
3 bs a :doubl %:gﬁ;n& "ﬁ;ﬁb%onded v anmg;f’t@e(:'lﬁiif ble%mgl bave proven efiff{fSae of- such . -
-‘=_conpoun_d_s aress: , i benzophenone :
“lerr] % benzophenone 2 benzrl ’ :
BE L _ !
[err] : L
If too,: I|ttIe addltlve
is i np%rtant begzfl £ Q0 Tittle add

-conpounds which will do this
as -causing crosslinking i

-apd hydro-

“havi ng general formla:

csufficicent free rad| cals.- wr I] t .pe; generat ed to ause- a rraxr mum ef f ect .

- On  the .other 40 I R GHJﬂ - -t 00 much<of the - additive is :

. present, the" free T adi caI w1 react Wltf”l each ot her - rat her

~than with the1 4‘@’§‘i‘y§'i" %“Eroilslﬁ Wi 11 not bé aided. It has been
det er mi ried - U oy - QLOGI Iiran about 5% (al | percentages are

- wei ght percent of the addl tive shoul d - -+ ‘pbe added to the '

reS| st soI ve hyi agoupt of - tbetadélhwllsdi isemmnwr sftmdﬁﬂe hwﬁvtef preseiihat this

Hountsek °:§m%t«% A SRl Tt @?.?P“We@r%w ventoi s
rermved > °

With'the resist,-and crosstinking: will ‘ot be. aided. Itf:? ;?%g on of the
a,,ddrtlve |sﬂ1§1mefmerertha:labou %(allpercentages re weight pérceGH) 6f the e average

- ol ecujzar V\EA gd t°
.accel eratinf. Ak 85", Cer L
el ection penefxf Bde(kﬁows ‘the average' rmolécular weightdf $hE photdpdis G LW inl
“dose of  eneice m:’mnda#nduhmsedrtim cmﬂmrxyga(didg&lecuon“ ne

, the gel

n, Qgél- dose is
“the ?ectr '&’:s eE%‘%f;'a :ggtkﬁ%%’é RETEY AR Pery _8t¢¢1ﬁttmdle¢fryl(tm surface i.e
the 50 {0ser Yon '*-_,‘-Iﬁ%&s“’f?@cé%’s‘h"ry t8record an

-|rrage |nthe frlmsurface i.e, the'fmi o
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dose to cause insolubility). Experinental results are in fair agreenent
with such cal-cul=ati-ens- = Sim-l-ar-cal-culati-ons—whieh——
take into account the presence of a -hea\/y metal ion _ in the film
of the type~gentioned above in connection wth said organonetallic

niegi

addi tives ) show that the gel dose should be |ower. This is not
entirely uneXpected, since heavy 5 ' netals are noted for their
ability togstop or capture el ectrons 12f@dlai ni ng the use of I'ead
as radi ati o shierding). WTe precisely, the ene 0SS when an

el ectron col | | desminimum. dose fjcayse ingolubffignyExpprispeatal F%‘?‘ﬂﬁth“bf“ﬁlaéﬁe’%FﬁHW‘ﬂbnergy

transfer sites Wﬁ“hﬁég% ﬁammnwgrhﬂ%% account the frSencP LS by midd fhhe ¥

Thi s nmeans that ijpeelfulof heabd Mt Eofinebfvh it Sdid drkaasthetallic@ididivds o <
exanpl e, a theor eshow:diat dlalgdmoats}mﬂd L) lowers’ﬁbwsmh'amuah weppEcted] sigee ma)ot ure >

(based on aredlnctal or 1sef m en los mxpl €eC ;h ¥y :)llslfdg

hexaphenyl di | ead,WI 15 rf; 3 ,%e R enggy uansfé‘f& %nhlP

about 15% nDre el kgt mt amm mensomlﬁﬁhaﬁdnrkgmﬂM& more eﬂiment gzaf dose by

a correspont§i ng examplern ﬂleomﬁ@deoalelﬂlanon m;ﬂl Fﬂvwsﬂwtr@t pimelay meixtpidbpsed pmi | s o

4 (ke Q‘%lﬂ?ﬂ'ﬁg&’lré sl/he gel
dose by about 15 \BCll Yl insta th ggﬂ%“faﬂstll:é

defective in preditt mﬁimnﬁa&sﬁmg irD fact;. suclta mixture -reducasttd beb rdost b@ abaheli t i ve: .
partici patesls n b eIt OPFhmh_“f theth W@ndmdﬁ@%‘d’éﬂwﬂé@f?%
presumably, the e T ;1 ;S%ap gl tive
participation mmacco T I ow ng I'S
representative |ist Eﬂlomnggampmmq lcstcfamamakm mp@hndawecleéré af;tnvve 20
in the embodf rrentnsihe embodiments: _

predict experi men‘P °mefs'§m t;%g;lg P&“toﬁg O

20 _ GroupInI Goup Il1:" _ -
cycl opent adi enyl t hal | i um cyclopentadlenylthallmm : Gf oup: I'V:
hexaphenyl dilead 25 - . ' Groulagv o : di butyltin

mal eat e 8 | | - mﬁmm R _ 25

t et racycl oheXyltin . . - tetracyclohexyltin o o '

di vinyl di butyltin L o diizinyldibutyl‘tin. : ' G oup . V:

tri phenyl arsi ne 30 Group V: tri phenyl stil bene
30 mphe“yll:;f‘ i pheny! bi smut h . sphe
netal lic noi et ies.in these conpounds Q,ﬁﬂh ,iy as heavy netals, and the
organic moities ensure their solubllltles |nthe system It owill
be appr eci at ed tH"&E meialimpig hese compounds the orgppist  t hese
requi rements. The gty ‘35;3“%@1“ iHesyin | :]jﬁsfsﬂr : l’fcr’aa&l E}efg" rrpound
is typicallysan ah'kl)ﬂhc oﬁﬁpo&fd)/ik typlRillyi alksl ryﬂlbry 35

Not al | organonet al | Netsalt #wm@aihcs,dweeveq, taheqﬁh@pﬁecratvp we hdrﬁﬂhé'brpéxemme,For

exarrpl e w fg and mercuric '@z %e "WETS n(ﬁ l.lb él?} é}l ﬂleforgl:)‘augéj 2b)
such as phenyl-  riphen 1-1eadn&£tﬁuruu8r1tﬁ0ﬁ o 8] dBIRYIG Wlidurabll 1€ NGOHRCE the WET € NOt
effective. Fuot hesqlubng;e reQGifgments) d Appropriately, squElé lccpﬂi;eﬂmk of edshif@eteall®,bebut ydot i n

trichloride: and dprmd #l#vn amlllloaeﬁfat@ sefisitivitygbut it atomic yembe§is too smalbfof ithi | i ty

eau rements, AoolIEFERS SISO DT oo he a0

expected to have a 28iec ke el dovakd Prov e AAUIRRES & duEREr | S
too small fomsit Slgmﬁcant, 1t lstmbt bexecsss ay iednclogunt ther. aise mbtemmrwxnapbﬂmesaxn&s W 45l
be seen fromthe E% A E}ﬁ@?‘@lme@ss tt‘l’leste. %m*fmﬁ?ﬁeﬁa' I
equi val ents; Soma éf g t mgl eCifit B p ill illustrate this. Wil e
the dramatic decr sﬂﬁﬁﬂy, rovheﬁ SIERORCHOs @MsbeoiG Qa@éﬂl 1Lﬂgé/ﬁ§nbhzsofl n

Itself 45 50 Si dped fadicgdnto, beiformed atneath alhsnecefsmal ovithlmelaule, thdndt is t hes0
i mprovenment will Bg @reagp le.st& ggpect tmt the number ofranelep (fé"s tP?éhwn%x .
density necessaryfﬁa"’fjgv‘,ﬁxlg"‘r%e e, will be pighes ﬁ’zléhfﬁ,m DLk sen: e’%ﬁ?ﬁ cted with

4000 A is consi depger ﬁsaaﬁ@msw@h:ydeotmﬁardmmacu iRt Nt Is

i ncreased 55 compautdp istopittsremerkablsi. fni marrisular] i Evetfoll Iredpitiony insthe drsd degsitEx anpiSe s

I-VIT will illust ety f‘é}lye"’mseamﬁqﬂ e‘}ﬂ@‘é "éﬁach .as
a second group &ﬁ(ﬁ? X seduced.Iiale itat @gb mﬁ e%a%m%‘e e cals to
be formed at each coklﬂ;ﬁheﬂmqﬂemanoelﬂe ditive. M\ilatiit Be BOMbRGRIIR, solvdiCRysterh | S 50
not unreasonébl e F%%%%e‘e‘?'i @Fmt IFbe thoretneted componmsts-of ihecsscond gmup phibed a0
each such AIPREEE) L oy B 80Pl SR OG-
noted above, is t QompRéifionL 9! Shinner may also b ployedM+ f 1tnerel§' uce
spont aneously. While increased crosslinki ng could be expected wth

proper additive selection the magni t ude of i nprovenment achieved with ,
t he above-noted 55 compounds is quite remarkable - In particular , a
five-fold reduction in the dose density 55 required to fully
expose a 4000 A fi Im is ach| evefd -’The i nprovenment is not I|inear;

o N - o o,
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vi scosr ty and produce a thinner film. The sol vent system used for KPR

soI vent system is 12 % - .et hyI benzene, 82%mxed xyI enes and 6%

met hyl cel | osol ve. Both systens al so contain a sensitizefgnin KTFR
this is believed to be 2,6. bis (p-azidobenzilidene)-4-nethyl &

.cycl dhe7xanone. The "KTFR' thinner is pr| marily m xed xyl enes.

‘5 : To establ I sh a_basi §23gl conpari son tests vvere firgt rrade

with "KPR' apd . ut .any addlt was applied to
& chr oum chaE sl “Zif'm“ﬂ; % G that the
resul ti g C oetniliRgzene;. a‘i%emxed e ghdados; died 1&ﬂ6s {z; &éﬁ iy was

n:

6,000 ger rjes 1’64@1’“ W‘Hﬁf% Jdbpliemdeid bme?eﬁ bxh@aazmomgttﬂenebrmethueuum chanber
and 10 e H};ﬂe fmfg s - 15 K '-"-‘l:;-"-[ge pl at® was
devel oped wi txT] R(t thout as addmves «Kpgffea; ! T , ?1 ‘err] C for 10
.m nut es. TheThls)Msotmrs ﬂ:ﬂﬂﬂlSremmgcdaﬁﬂgaif&eﬁbkmgat 150°C for {@shinmed, )X Needed to

;:,ggg;g P toﬁ?ﬁ&%%ﬁ%" te%f»’a‘?%‘ﬂ xsésémw %tswc}:mbe%?rrbgozl :)X

. (c) H ux needed to form maxr mim. thic nesse arter deve
.resist= 15 (a) Flux neece(d)(i@{ceﬂ mydl(gel daperinx10* coulfem?. - '
Tepist Xﬂ?ﬁmb‘mﬁnaltoBratlo and

15 . (b) Flux pep thgﬁ(
“the nixfsure © ’i‘gﬁf‘;iag tf’hgﬂ‘ W”é““b BIFUAE SSYLRmGE £000 B 298t or
- al ternatively, to a sil | con slice onto which s a 18,000 A Sr a err]-

| ayer had been Wasazrmdtmérf‘@m’t thionea i hilckir3emto afd Be AR\

After baki ngap O'BSQ er°°atdetdb o) tivelynte afsflicomsliggone®bich A t hi ck. The
Gonted 20 e e b “"nﬁfﬁwih& S oot T SRR ol ed 1
.15 Kv-28 ectplmem Ghto a vacuum cHam Qnd/\ﬁ&a@ém OPRYG M&oﬂs FR' ogevel oper

and "KTFR' rplpfew@as C&YF@ ithl KHFRY 90yeieper pu@ “KTFR?” rinse, 4nd bakédat S0P €s. The

fol | owi ng re [, ingtes, Thede) Bﬂ’dgres““sw"ef"““d(a) Fl ux needed to record image
(gel dose) =0. @) XAk Reded toetdtd ik Bef dosey=0.9 10+ oY enf?]. Ux: DEEdEd tO fOrm 3000 A
filnmr4X _10[ ey | Flaosekded o fettr 3000 & Him=4X (029)codi X, needed to form maxi mum (4000
[err]) ®hi Ck%@mqn@cjgﬂ@{) prp] maxiraumy (‘W@Q‘rﬁhﬂﬂqmess—7 5X10* coul/cn25 25 Under

identical C b e rons ensities require to
exipbsed Koot FRRE bbbl o ST UGS e 5 R RN )

(k) O. 75X10[errJ coul/c err] 30 (c) 2 X 10[err']i_: coul/cn[ err]. :

¢ coulcm 30 - ThefoIIovvlng :

Exarrpl e® di r%tgﬁlﬁ o‘ﬁf" nurrber of = or ganorret_," l 1 | c com pounds
show t he inprovenents obt ai nabl e with the first group additi ves? "
Exanpl e | The following, Examplesadiscleds 0l altsingh nuater pit e:gaﬁoﬁtdtame Ndoml Ni. ng
([err]2% ofmd?dﬁd’t"g‘?’l s fmEgYFraeRts objaigable with the. firspgretporddigivest  sol uti on i ncl udi ng
dinmers™ of Vil ¢i pnanat e _hayi NGzafipiP 1 :ACI P! eiconstituent 35 of
[err] - A saturated solutiatinlastpgiepare aﬁtams@r(engr)q,@ arﬂutg,@n miRs. £0] | owed as

‘out i neéd ab tmslﬂé‘év,ﬂou sﬂClmimmdlmrs Icti/vmyl cinnamat éngwmﬁ&pm@nmt fol lsgws: 40.
a) 10X 10[ert] ‘coul/cnferr]. = il iioitloo
- 40 ..o b)) 1. 5X10[err] _coil, /_en.{_;em:-f?.
coul /cn{ err] 4

c) 2.2 X 10[err]

S W
“was -followéd s ‘outlined above. Results with 15 KV

and the exact same proced :
electrons were as follows

&) 10x10* coul/eme,
b) 1.5X10° coul/em®. .
€) 22X10° coul/em®, * :




8 1, 291, 441 It will be
noted that with th| S add|t|ve the |rrproverrent in geI dose vvas onIy nom naI

(abou

FIG 1 grap caI I y il ustrates the i rrproverrent in sensi t| vity achi eved by

usi ng di butyltin maleate as an additive. It also illustrates that

di butyl ma Pe, by itself, has 5 no effect .on sensitivity. :

Exanpl e 11 The sanme tests were carried out on afllmprepared
from a sat u¥ated sol ution ([er 12943 of hexaphenyldilead in a § ’
phot oresi st solutian incl.u ‘ﬁ r| ed is I mer and

Ravi n0 & pr i it pE R AR e 8 b SR B o i 21
[err " FIG."Y graphically illustrates the improvement in. sensitivity achieved by usthf ~ :
and further- i ncl dithityltn sakedie asrveraddlﬁeshlatssﬂlmttans tat didwityd malsate, by diseliehae as -
fol | ows: 5 no effect on sensitivity. . ~* a) 0.5 X 10[err] coul /cn efr].

b) 1.0X 10[err] coul/cnferr]. . : ExamleII c) 1.5 X

10[ err] coul / cni errThe sahb tests wekdocagried torEor ediumtprepmd ﬁongelsam&agaumﬂs 45%
and t he reducti of~1%) dbhex W@ﬂea% in] @ (pbotgnesist] SHlution includings polymeriggd isgpreng| d. Thi s

is the nost effefiMepan SOtituent of FIG 2 illustrates the
rather dramatic increase in sensitivity in the above © sol ution when
hexaphenyl dil ead is used as an additive. :

Exanmples I11-VI1 20 e standard_procetyres were repeated on fives

other additives in "KTFR" and'

20 °H3 st hi nndr, with 15 KV el ectrons,
and concent j@ti ons and resul < .

§et° 'F@ h beI ow. 10

I11. 1% tetracycl ohexyltin: u (a) 0.5

X 10[err] coul/cnferr]. -0 AH (b) 2X

10[err] coul/cnferr]. NI » (c)

10[err] coul/cnferr]. R Gy /. .25

V. 2% triphényl bi snut h: - Lo o (a) 085X

10[err] coul/cnferr]. ' ' (b) 1.5 X

10[err] coul / cn g&d further including a thinner. ‘Results with 15 KV electrons were as follo‘z&) 1.85 x

10-[err] coul/cnferr]. 30 ) 05 " V.

tri phenyl stil bene: = - 4 X10"* coul/cm®. - 30

(a) 0.7X 10[err] coul/cnferr]. 13 }2?%3_, ggl':ll;gn“: . '_ i . (b)

1.85X10[err] coul/cnferr]. -(c) 2.5 X

10[ err] coull3 cnf élere] the reduction in gel dosage was 459, and the reduction in dosag¢|for aZ%O A 15 N
was J-10 S 18 the most ective tive known.

triphenylarsine: fim FIG5 ledlll’fl‘gtlratesthﬂle ra:lffer dra;fladt:c mlgtleas 8i gk[(y %\ §1F7>1§g'v(¢):[ err]

ggﬂ: ; gﬁer ?]5 solution when hexaphenyldilead is used as anagigmve ‘tbl) T 5 1] _ rﬁ -

(c) 1.85X10[err] coul/cnferr]. VI, 1%

i - : Examples III—VII
cyc| opent ad IF& nylt h‘{:fL Hiard procedures were repeated on five other additives in “KTFR” (ia) 0 5 X
10[err] coul7 cni @fiknby, with 15 KV electrons, and concentrations and results as set forth below

TIL 1% tetracyclohex Itin:
(@) 0.5X10° coul/cm®.
_ (b) 2X10-° coul/cm2. -
25 . . (c 4%x10-° coul/cm2 25

IV. 29% triphenylbismuth:
(2) 0.85x10-° coul/cm?2.
(b) 1.5X10-° coul/cm®
(c) 1.85%10°° coul/cm?.

30 : V. 29% triphenylstilbene: 30
(@) 0.7X10-° coul/cm?®.
(b) 1.85X10° coul/cm?®. ¥
(©) 2.5%X10-° coul/cm®. :

VI. 29 triphenylarsine: ' :
' (a) 0.7X10*® coul/cm?. N
35 : (b) 0.9%10-° coul/cm?. - ' 35
S . {c) 1.85X10"° coul/cm?®. : ' S

- VII. 1% cyclopentadienylthallium: _
_ ) (@ 0.5X10-* coul/cm?. e _ ' E
40 . o (b) 2X10-° coul/cm?2. - ' : 40
(©) 3X10° coul/cm?, e _



40 (b) 2X10[err] coul/cnferr].

40 : ' ‘ (c) 3X10[err] coul/cnferr]
1,291, 441 - The@
magni t ude of i nprovenent brought about by each of the additives is re |y
seen i-n Tale I, V\/nere t he percent redy;gl_,gp in dose for each of t he tl‘gee
| evel s, as—— - CONP :
set®forth. ' The magnitude of nnprovement brought about by each of the additivedSs rdadd'y
Exarrpl e C seen in Table I, whereRdel percénp rediqiioDins dose ﬁgteach of the three levels, as

o compared to the photoresxst without ae&ydd@gfs,%gmh (b) 3000A ° (¢)
4000(76\ ) 9.1 TaBIEI 75 : 78 g
M. 5 45 Example - . ‘50 Reduction in Dose, Ped.7 _ 5
| V. 5.5 (a) Gelg@vse ® 3OOOA 7@) 4000A
V. 2. g B LA |
VI, : © 22 4577 sec . 75 47 . ..~
VI, 10 45 1IV. _ 5550 63 60 75 10t
will be noted that one q¥-the effect?d of the orlanonetal Ig' c additives of
the 15 embodi ments Lyto incr'eaﬁ the sl opeypof -the plggt of resist
t hi ckness vs. dose density to 15 near infinity near the gel point

(see FIGS. 1 and 2)It WBybusotrrgﬂtahenemfnﬂlmﬂchaéehe organometalhle#@l ofetbeled (9
achi eve the15desﬁ“$>ﬁd£flﬁtsc§r‘i‘e§§‘easb loof ePl ept B ‘gse d

néar és& ggéﬁ By
prgarvy el eCL T Oy Geddbd b Thct 'id SicB s or

bility ‘of thgrimary electronsl’ﬁsmﬁﬁmﬂzsd tforote ¢1ﬁtmneqmaﬂity dﬂrtuer t hese
cordi tions, an iskefrespending) "t?#easa‘bd{]lde@%;mndms?ﬂﬂ‘g ﬁIF g@?f ed g&
an upper | i3t %EE ¢ e’%f%eg‘ﬁﬁﬁe P ANPRPSE MR BYs  AERORP ReBTSPRD Provpus
reported’ defi ni ti on wm be further noted by bortadig dhe “RUFRN@MiaROWaH shiid a9 kAT | ng the
"KTFR' radi at eCeléiréns, 15ata:hd5 IGJ Bahples required less endrgyom sl thrkpagtagesne 5 KV sanpl es

required | ess ener gy' @%‘ sﬁ% nlg to three compounds How the) fPRIGHen g
Exanpl es di¥ect eBGNTAf t"t?y ht éaé“ BB BE RGP EERAHIES npr ove- 25 men?s
whi ch may be obtained with the secondegmpurpviardi tives.

g

25 " A 5% solution of benzophenone in KPR is p he thyge| tgsts noted above A
5% sol uti on of b@ﬁ?ﬁ?ﬂ‘téﬁ‘dﬁé“ }SrtKRF’F?“[°§S)ﬂFbéﬁ°a‘|“EG’.“’fﬁE"“Phree tests noted above
are cafried out 16 i KMi/ghectrons). The results are as fol | ows:

(a) 1.0X 1CHoer r]{byoLsXbm| tul/fme. 30 (b) 1.5 X 10[err] coul/cnferr]. 3o

30 (c) 2cDX- 010t ¢opl/eeful /cnierr].

Example 1 X .- A 1% sol ution £n ophenone in a thinned (1 to 3)

"KTFR' sol ution is Qne; solution of benfpheabhe 1153 gN6id HEK TR bhontihpRE tests
with 15 KV eI ect papeds Dose rdensizies fHotht dwe: tests36th’ 15 KY al):ctx@nsﬁ&éié){sefolto}vs coul /cnferr]

35 ' (b) (’L 08<5>J<%_5err coul/crr[ err]. . (c) 1.75X10[err]

coul / cif er r¥. ) 108 coul 2w |l be further noted by conparing the
"KTFR' radi at ed (egt%wé(mnoko - ‘electrons, that the 5 KV sanples
required |ess energ\y at - aII three stages It is quite 40 true, in fact,
t hat | ower ener gy

K
. ectrons, 5%‘1@& qg;es required PF{KEIF %‘ltﬂigﬁmﬁgt‘ggeﬁqggdécmn% rgy
40 4 4P echid ttsfactoa.afx S rrs A Uhuick srare! didR oty e WsleDGEreDT 40
rmt‘.-‘.: cul es at eacHectta] gy the average, aboht‘ aasfnet dpm-ﬂibemfl tholdcalesCit eath dne t han

will at 15 KV. N cetxts‘elbm r @t‘eﬂa WeKaV Tt would seem appgomyiate} here | ower
energy el ectronsatl m{tﬁ“ﬁ ‘f i ﬁ%‘;ém &%gﬁgﬁ Ticult

at | ow energ es. glps PdnStesomr :ﬁszéh?ﬂ@ (prob Becaiihs i Ci ggCy
of crosslinking #% KVacadlexamlio@md tswr@amddback scatter can becone a

signi f4 cant probl e CF Et&ie gasons ' a 15 KV accel erating

: : w M1
potent | al is pref e method of xm roving \ Mnjeét coa to electron 1. A
met hod of lrrprowaagmtn m @sthglcwn gtaysu at@-w}tl?@tsﬁlrv eénkainiigod Htgea i ®&hectron

radi até on canpr i pasitign siralilé fog th; gsnﬂmsm at epwetmand assmsmentthetejm ahmphog a 50

compos
phot or esi st com ‘éﬁ&iﬁf%g an ey fi‘%@"g F’Blpoﬁtn“; S met € mmety ﬁbat tern
te

and a sensitizer & LB or ¥Vof the Periodic Table having an atomic
number greater than 30, and bemg present in an amount of’ up to 5 per cent of the
55 . total composition so that the sensmvnty of the photoresist coating to electron radiation 55
is 1mproved
2. A method as claimed in claim 1, wherein the organometallic compound is

(/

..u)



resi st conposition including either dimers of vinyl cinnanate or a
polynerlzed |soprene ~and the sensitizer being an organonetallic
] +=EISNRAE == o2 . ted from netals in G oups

he - 55

EEAE NI 'IVo'r Vof “the Periodi c TabI € having an atomc ner greater

_t.---'-"than 30; and bei ng present in’an amount IH‘IRI ﬂm) m‘nt of '
="t otal corrp05| tion so that the sensitivi t;t “ | st co t| ng to
_electron radiation 55 - - . . is inproved. 2. A rrgt hod as

. clai n;ed in cIa|m1 wherein the. b?gﬁé ymet al |i.c. conpoung: Jc.__.

1, 29FAAT P‘%,?@pThee‘yed&gﬁt%&tg}t Mﬂ?&/m
. percegt re %E‘Je@m a&?

the phot or esI'st:.. w_lt 104

‘ide -_‘ght about by =
ction in .dose for: eddlp 6fthe thirea: lairalb)lae |, where t he
t"iviﬂi‘ou@ﬂﬁkﬂduﬁés iskveforth hr ee | eveI S, conpared to

each . of the a’ﬁui.

5 5 (c) 4000 A
e |
L I 10 10
.10 10 vl V. &

V. 231 g 54 TR 67> :
VL W 4§ 77 O 16

3 V ecaD tallic Gdllitives of the | t

f ff f the-. organome
be mted ?l]ine by geeﬂieialo%f)f sedise thichmessensodopst @PSI“Y(‘P addi?ives of

. t‘hl ckhess v&nsxt!lmseéedd@r@hlf fbeodes';ES thickne: o s3, ‘back-s
: point (see. PYFWE"I‘* ony

not BeinQ
blg 52% ear. infirfit (hedd s o |ﬂg£get $oms(seted<‘1Gﬁct bag . Bypwst

Ig" S pl ot of resist

" resolth ilyefigie-near . the gel
ﬁla:%, E\i,m&iggﬁltﬂéabout :

ke b

or scatter

" density negg%{kls LA @%ﬁe&%@asm&ppﬂﬂmtf i stsligmﬁkantkésbﬂte!la@ﬁkp%"@&illt er e&oel ectrons

ported definition.

TR ragatedmnﬁll ng g not

~elimnated, an‘dwr UEHRAE £ s11Gt all three stages.. . ~.1.€SiSt is
corres—pondl "g’f o) # ; ctioﬁpdnms sh@znﬂ@dg}emﬂefl ni ti on of
about. - tswlnch"" 06 Mrainediit Fimt. Thi @ is
si gni- ficantly = better than preV| o SRR i ep’orted definition.

It wi-ll be furth paxéﬁTﬂ%threseetta&actbmth 5 and 15

arsasrfplloas requi red:l ess eneigy at

v % st

~all three anrgéaem The f.ol:l'-owi ng- Exanples directed only to
three corrpo(ar)tdwxhﬁrt/vmﬂ/hm’ . 25 _ rrents whi ch may- be fbt ai ned
wi.t h t B® SE@? gggrlgpéou ! reg. i P 25
25 : RS Exarrpl e W1 e
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