WO 02/ 08834 PCT/ USQO /13241 RADI ATI ON SENSI TI VE COVPCSI TI ONS CONTAI NI NG
| MAGE QUALI TY AND PROFI LE ENHANCEMENT ADDI TI VES Background of the

| nvention 5 ﬁjoedzgségz the Invention The present invention relates to

radi ation sensitive conpositions. Mre particularly, theR5T888Ht3 2% vention

(rilﬁl'i?:t S; ;gdcfgfg‘ iC#eA%n an&%ﬁ&fm:ﬁwgﬁwifﬁﬁm&g%ﬂﬁﬂl K??eThe
ner eased dramati ool 19 CALER AN PROFRAFHERCEMIER B EREES eh conduct or

industry. Integrated circuits and conputer chips are now nmanufactured with
smal l er critical dinensions, requiring the photolithographic imge patterns
formed on wafers be less than 0.3 mcron (pn) in resolution. To achieve
this objective, photoresists uBedigramdpfdieadnvédtingr aphi ¢ i magi ng are
required to have better 20 resolution, inproved sensitivity, and nore
vertical prafile than the state-of-the-art photoresists of a decade ago.
To obtain higher resolution patterns, chemically anplified photoresists are
general |y used. These chenically gmak LfhefnRAber €sists utilize a

conbi nation of a 25 selected polyner resin such as a partially nodified or
protected WO 02/08834 PCTIUSO /13294 pol y(hydroxystyrene) resin or
copolymer of a partially nodified hydroxystyrene wth other nononers such

as acrylates or nethacryl ates, .a ot gQaci.d .gener.atin
y € pl)ésen% mvention Pe?ates 0 rad&%tzgn sensx’gve cognpositicns. More

particularly, the present invention relates to chemically amplified resist

10 compositions containing image quality and profile enhancement additives.
Description of Related Art

The complexity of integrated circuit (IC) devices and computer chips has
15  increased dramatically as greater demands are placed on the semiconductor
industry. Integrated circuits and computer chips are now manufactured with
smaller critical dimensions, requiring the photolithographic image patterns formed
on wafers be less than 0.3 micron (um) in resolution. To achieve this objective,
photoresists used for photolithographic imaging are required to have better
20 resolution, improved sensitivity, and more vertical profile than the state-of-the-art

photoresists of a decade ago.

To obiain higher resolution patterns, chemically amplified photoresists are
generally used. These chemically amplified photoresists utilize a combination of a

25  selected polymer resin such as a partially modified or protected



conpound (PAG, and a selected solvent. 5 Sem conductor nmanufacturers,
however, are always seeking ways to inprove the resolution and profile
i mge acuity,Qf se phot oresi st conpositions. Thus, the present

i nvention pr%@igalégsggé means to uiirther inprove the resol uthPSBF132esi st

PRt Lerne and. PLgHRERLShoREk! SR ML KoK RRbeShde LSRR | oo and
Phot oac d_ gener AP SREBroficr SRy 4 oher BPUGTORES » PRGOR BORPRRE i t 1 ogen
Forml as (1), (PRPOUCIPROIGHA2CRGa SONGIN- O whore R s -b, N -G
-N(CH3)2, -NH-CO-CH3, or 0 0O-N CH3 CH3 2 N 'O 02/08834 PCTI USO1/ 13294
(1) where RZis -CH3 or benzoyl; 2 X %
5 Semiconductor manufacturers, however, are always seeking ways to
improve the resolution and profile image acuity of these photoresist compositions.
Thus, the present invention provides a means to further improve the resolution of
resist patterns and provide resist patterns with vertical side walls profiles and flat
tops.
10

Brief Summary of the Invention

The present invention provides a radiation sensitive composition
comprising a polymer resin, a photoacid generator, a solvent, and a heterocyclic
15 carbon and nitrogen containing additive selected from the group consisting of:

compounds of the formulas (T), (I), (I1I), and (IV):

e
®

Rl

where R'is —H, —NHy—> —OH, —N(CHjz)2, —NH—~CO—CHj, or



Z (11l1) 5 where R3is -H or O -C4 alkyl; 011 W X Y, and Z are each

i ndependently selected from-CH2-, -CG' -CH(CH3) - C (CH3)2 -NH"' or
-N(CH3) - wowhhdksihe proviso 0 11 that at |east one of prr&e1/182040" Z i'S
-C' and at least one of W X Y, or Zis - -NH- or N(CH3) 3 WO 02/08834

PCTIUSO /23244 (R5p NB N | A 0)_C'gnljD1N/ 4 (R6)g RJI (IV) O
where Ais - CH4i Rs -H -CH3, or - | CH(CH3)I ;

where R?is —CH3 or benzoyl;

5 (1)

where R® is —H, or C;-C; alkyl; o

W, X, Y, and Z are each independently selected from —CH,—, —C—>

—CH(CH3)—> —C(CH3); —> —NH—> or —N(CHz)— » with the proviso
0

that at least one of W, X, Y, or Z is ——lcll—’ and at least one of W, X, Y, or Zis

-“NH— or —N(CHz)—;



s Ris -H -CH3, or - CH - CHOH - CH(OH); Rbis -H Il Band D are
identical and selected from- C- or -CH ; one p and g is 0 and the ot her
pand g is lyowhsdsA is - CH=; and O | | pandgareboth J.when Ais -C;
arid 5 mxtures thereof. Optionally, the radiation sensitive Conposition
may include one or nore basic conpounds in addition to the aforedescribed
additives. Detailed Description of the Inventi ?ﬁsﬁ |0 The present inventors

have di scovered that inclusion of the spgcific eterocyclic additives in a
radi ati on sensitive conposition, i.e_ a henica/ly 4 WD 112/118834
onp

PCTI US01/ 13294 anplified photoresist esTtMNog, will provide
significantly inproved resist patterns witlh crisper vertical side wall
profiles, square corners, and fl at - FRE—L adi ation sensitive
conposition contains a polyner resin, a‘photoacjd 5 generator, a solvent,
and a heterocyclic additive. Additives that ar? ﬁuitable for use in the
present invention are, for exanple, co@founds ][{ &t have the formula shown

in formulae (1), (Il1), and (1I11): RI
av)

0
where Ais —CH=— or ——g~— 3
R*'is —H, —CHj, of — CH,~— CH(CHs) s
R’is —H, —CHj, Of — CH,— CH(OH)— CHy(OH);

Réis —H ; I |
B and D are identical and selected rom —C — or —CH—;

one p and q is 0 and the other p and q is 1, when A is —CH = and
O

|
pand gareboth I, when Ais —C — ;and

5 mixtures thereof.
Optionally, the radiation sensitive composition may include one or more

basic compounds in addition to the aforedescribed additives.

Detailed Description of the Invention
10
The present inventors have discovered that inclusion of the specific

heterocyclic additives in a radiation sensitive composition, i.e. a chemically



N 10 (I) ,.N-here RLis -H NH2 OH N(CH3)2, NH-COCH3, or NN CH3
CH3 N O R2 (lIl) where R is -CH3 or benzoyl; 5 WO 02/08834

PCT/ USOL/ 143 ussf{ X \ N R3 Z where R3is -H, or C1l - Oﬂ»cqz}rulsml“m@ 11
where W X, Y, and Z are each independently selected from--CH2 ,

-CH(CH3) -, %Gﬁsa@wtores@dldompmmi,\lml( Frovide sighificaritlyemprovvd fesist O 1) that at

| east one of W X , or Zis -C, and at least one of W X, Y, or Zis -
NH - or N(CHR)tterns with crisper vertical side wall profiles, square corners, and flat tops.

The radiation sensitive composition contains a polymer resin, a photoacid

5  generator, a solvent, and a heterocyclic additive.

Additives that are suitable for use in the present invention are, for example,

compounds that have the formula shown in formulae (I), (I), and (III):

>0
10 @

where R!is —H, —NH; —> —OH, —N(CHz);, —NH—CO —CHj, or

where R? is —CH3 or benzoyl;



5 Additives of the present invention also include, for exanple, conpounds
conformng to formula (IV): 0 (/ )p NBH | AONDN t 4(R6)q (I\/)

6 NV() 02/0 US01/ 13294 0 Il whereAis -CH= or -C CH3,
or-CI—IZ-é%?éﬁgﬁj R3is -H -CH3, or - CH2 - CH(OH) %35%5 3294 is
-H, 13 and D are identical and sel ected from- C- or -

onepandgi sOandt heot her pandgi s 1, -CHand 0 11 p andgareboth 1, when
Ais -C Preferably, the additive ng’@ys (1), (11), and (I11),
is selected

(I

where R is —H, or C;-Cy alkyl; o
where W, X, Y, and Z are each independently selected from —CH,—, —y:—,
—CH(CH3)—» —C(CH3); —>» —NH—> or —N(CH3)— » with the proviso
)
I

that at least one of W, X, Y, or Zis —C—> and at least one of W, X, Y, or Z is
~NH— or —N(CHz)—.

Additives of the present invention also include, for example, compounds

conforming to formula (IV):

) (R5>p
NZ NN
O;\T D\N\/A

R4 (R%,q

v



fromthe group consisting of. O H1IINO-N INOINO NN U1-1 0 N "rte
N 7 WD 02/08834 PCTIUSO /13294 H O N Hdl1 O and M N Preferably, the
additive cwapougds of forrmula (I1V) is selected fromthe PpcgfiesPizgnnsi sting
of OH NOANN OITT NNNNH (c) H \NNO--NNH\NN O NN NH

0
where Ais —CH= or —y:— >
R'is —H, —CHj, Of — CH,— CH(CHa);
R’is —H, —CHs, or — CH,— CH(OH)— CHy(OH);
R%s —H ;
B and D are identical and selected from — y) — or —(}IH— ;

one p and q is 0 and the other p and q is 1, when A is —CH="; and
(6]

I
pandqareboth 1, whenAis —C—-

Preferably, the additive compound of formulas (I), (I}, and (III), is selected

from the group consisting of:

>
é\z/ e
Y
/Z\z
l
/z\zzia

Q A
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”‘@ N\” O v



HONNH H1I0 NN, \ I~-HOO ON, NHONNand HH 8 WO 02/08834
PCT/ US01/ 13294 In the absence of a basic conpound, the additive is

i ncl uded at 01 to 20 parts by weight per 100 part j.ght of the
phot oaci d ge‘?{g(rag{%sgrg4 used in the radiation sensitive conpzpsél%%{[fsgﬁbg&
Preferably the addigive is about 5 to 10 parts by 5 weight, nore preferably
about 6 to 8 pdits jby weight per 1000parts by wei ght wf the photoacid
generator in the‘fra i sensitive/conposition, whegn the basic conpound
i s not included. NAgoOt har—&ssenti al of e D ' nposition is
a polynmer. The H10 Ypol yner may beja r coppl yne )g one or nore
acid | abile groups,” capabl.e of beirdg re ed fro p end n t he

presence of an acid to increase the solubility of the polymer in an
al kal i ne devel opi ng¥sol ution can be used in the radiation sensitive

conposi tion of Qe &%ese invention. 15 Polyners that are suitable are,
for exanple, poly} | g xyI et hoxy/ et hoxy styrene-co-hydroxy styrene,
poly- 1-cycl oh / ho (,:3 hoxy

Preferably, the additive compound of formula (IV) is selected from the

5  group consisting of:

S A

H

10



styrene-co- hydroxy styrene-co-acetoxy styrene terpolyner, and

pol y-1-cycl ohexyl ethoxy/ethoxy styrene-co-hydroxy styrene-co-t-butyl
styrene tegpohMikg] - The preferred polyner is poly-I|-cychegdilizoes

et hoxy/ et hoxy styrene-co-hydroxy styrene. 20 Additional polyners that may
be used include, for exanple, polyhydroxystyrene and derivatives thereof.
Preferred are those copol yners of pol yhydroxystyrene and

pol yhydr oxyst yren ARV hatRebShounaYAlE Q8ERvesk AhdS 08834 _
PCT/ USQ1/ 13294 o$“§§ﬁ§¥%if§§§6%@ g?bgglyﬁygroijﬁ%yreﬁ%d§$%%wéblaced by any

i tabl id bi | . . i d | abi . f | e,
e i
t et , t.h l, _tpinet Lyl I : d
o OB S T RO L o B SRR L RS

exanpl e, copol yners of hydroxystyrene and styrene, copol yners of

hydr oxyst yir enecigdmerspreferably|abewt 6o & parts byopeiehtper H0rerts Ry weighofithe ene and
tert-butyl nmethacrylate, copolynmers of hydroxystyrene and tert- butyl vinyl
benzoat e, copdiloywaedgemdratbryidrtieerpdipiioreseesitiveccomplosition,avtiey the leic and

copol ymers of hydroxystyrene and di-tert-butyl naleate. The

pol yhydr oxystshgoendlid natidcid@sd. vat i ves t hereof shoul d preferably have a

wei ght average nol ecul ar wei ght of about 5,000 to about 100, 000. Mbreover,
t he pol yner may be a copolynmer containing an alicyclic noiety in a
mononer. The alicyclic nononmer can be substituted or unsubstituted. Such
15 polyners are de i ] t 0524 . - 1, which
are incorporated H%%él}eﬁ@%ﬁﬁtir}le er Orﬁlglzt.o(flﬂ{gﬁ?gé?r%%é,&@%ﬁ?ng)g'%%gc as

nor bor nen?d

1}50§y'mer may be a polymer or copolymer having one or more acid labile groups,
capable of being released from the polymer in the presence of an acid to increase
the solubility of the polymer in an alkaline developing solution can be used in the

radiation sensitive composition of the present invention.

15 Polymers that are suitable are, for example, poly-1-cyclohexyl
cthoxy/ethoxy styrene-co-hydroxy styrene, poly-1-cyclohexyl ethoxy/ethoxy
stvrene-co-hydroxy styrene-co-acetoxy styrene terpolymer, and poly-1-cyclohexyl
ethoxy/ethoxy styrene-co-hydroxy styrene-co-t-butyl styrene terpolymer. The
preferred polymer is poly-1-cyclohexyl ethoxy/ethoxy styrene-co-hydroxy styrene.

20

Additional polymers that may be used include, for example,
polyhydroxystyrene and derivatives thereof. Preferred are those copolymers of

polyhydroxystyrene and polyhydroxystyrene derivatives wherein hydrogen atoms



cycl ooct adi ene, 1, 5-di nethyl -1, 5-cycl ooct adi ene,
5, 6-di hydr odi cycl opent adi ene, and the like, may be used. 20 The present

radi ation s i3 he, conmposition includes a photoacid gener PAG . The
function ofagﬁg&%%g is to produce an acid upon exposure t&%&ﬂkoyﬁmu

resin by fol coblie %@?%@fpgﬁ? P%‘f%?l?ﬁ%ﬂ?‘%%‘%h%°%ﬁy§*9n%%‘%%%%id3555@55’ ‘i’gégiil
in by i i .
the phot or asi s EABlpb 1 EREIRARHAEbe A SRk babt &eputite Ry oe, 1o

exanpl e, onium_salts such.as diazoni um  sul foni um sulfoxgonium and

i odoni um sal ts,ter’gﬁft?’@’ﬁ@%gnﬁG é@}‘d&ﬂa’f‘ﬁﬁ%HW’@Wﬁg’ﬂwthﬁul f onyl oxyi mi de
conpounds, di azonet hane conpounds, and di sul fone conpounds. In addition,
sui t abl e phot o#émethyjeitidrageial grours ass tavdlsutd dismettivbilylseupsi FheJS- A- 5558978 and
US- A- 5468589, which are incorporated herein by reference. 10 Sul foni um
salts such as hydphetyérewbpadnnerstandref fon examples; topodynsid dfdipaioRystiche and

tri phenyl sul foni um perfluoro butane sul fonate are further exanpl es of

suitabl e phot egfine, @psIeMmaIls@F BydidkySt9hé %ﬂlﬁt&‘@jbuﬁl dckyidtd REpARHerglesCr i ption of

sul fonium and i odoni um phot oaci d generators that can be 1ncluded in the

present ConPOS ldBystyPencafl! &‘f’t—ﬂu‘?yl Beﬁacxﬁ%l e?%g&?ners@f gx%%g)g%gffen%{xf %Bti- S

i ncorporated herein By reference. 15 A exa Sul | e

phot oaci d gene . I e | _h- h I&gﬁr{n}zen sul f onat.e,, benzoin
p-t ol uenesul f o%‘g‘?’g{lﬁ}é@f %Z-Gtg%r %@ﬁ‘@%@?%‘%@%& ﬁﬁ?cﬁ?fﬂﬁlé ﬁgl@‘ldﬁﬂe’ and
3-(p-toluenes u'cgp%rll%lle%( Xi) ﬁy%fo?&sdt;rgﬁg a:ng Hgtgﬁ%ltfl lnialeate. The polyhydroxystyrene

10 and derivatives thereof should preferably have a weight average molecular weight

of about 5,000 to about 100,000.

Moreover, the polymer may be a copolymer containing an alicyclic moiety
in a monomer. The alicyclic monomer can be substituted or unsubstituted. Such
15  polymers are described in U.S. Patent 5,843,624 and EP-0930541A1, which are
incorporated herein by reference. For example, polymers such as norbornene, 1,5
cyclooctadiene, 1,5-dimethyl-1,5-cyclooctadiene, 5,6-dihydrodicyclopentadiene,

and the like, may be used.

20 The present radiation sensitive composition includes a photoacid generator
(PAG). The function of the PAG is to produce an acid upon exposure to
radiation/photolysis, thereby increasing alkali solubility of the polymer resin by

releasing acid-labile groups from the polymer.

10



phenyl propyl ether, N-(p-dodecyl benzenesul fonyl oxy)-1, 8-naphthal i m de and
N- 20 (phenyl -sul fonyl oxy) -1, 8-napthalimde. Qher suitable photoacid
gener at or woOpEsASS are o-nitrobenzal dehydes, rearrange pei/ud6ii3e4C
irradiation to give o-nitrosobenzoic acids such as 1- 11 WO 02/08834

PCT/ US01/ 13294 ni trobenzal dehyde and 2, 6-nitrobenzal dehyde,

a- hal oacyl phenones such as a, a,a- trichl oroacet ophenone and

p-tert-butyl-a, a, axd/sh§dM H&&ﬁ@iﬂ%ﬁﬁ@ﬂ@f‘&mp%ﬁﬁh Y bORNed in B bRStSreSibt
o- hydr oxyacyl phenonés, such as 2-hydroxybenzophenone net hanesul fonate and

2, 4- hydr oxybenzaphesong, 'hs{oga&ga{e?aﬁwéo%ﬁ%@?% i%&is&a{m;ﬁgzsﬁ{méui table

exanpl es of photoacid gerteratorS are tr fonium™ Brom de,

triphenyl sul f oni um chl.oride, triphen ul £ oni um i,odi de t rl phenyl sul f oni um
nexcar | uor ophdSuHER & S BRI R R oratR e o Gt S, toBE

tri phenyl sul f oni um hexaf | uor oar sepat tri phenyl sul foni ym 10

trif1 uor orfet ATESUIScHTpRe Gﬂ“ﬂﬂ%‘ﬂ@% sﬁf?yvlgm:ﬂ cqmpRud) dipomethane

phenacyl di met hyl sul foni um chl ori de, phenacyl tetrahydrothi opheni um chl ori de,

4- ni t r ophenaeyirpendssanddissifpiesnompe I erddgttongsnitable phothyailt genpragor

met hyl phenyl hexahydr ot hi opyi ylium chloride. is Further exanples of suitable
phot oaci d genempbamids afeadisclosed inrlJ$-A-$5 5888k 1EBA- 5468589, which are

bi s(p-tol uenesul fonyl ) di azonet hane, net hyl sul fonyl p-

t ol uenesul f onydslpaziedBEBIANG refdrefidec| 0- hexyl sul fonyl -1-(1, 1-

di met hyl et hyl sul f onyl ) di azonet ane,

bi s(1, 1-di net hyl et hyl sul f onyl ) di azonet hane,

bi s( 1- met hyl et hyl sul f onyl ) di azonet hane,

bi s(cycl Olbexy' sul fS?lHXﬁi}ngi s@ﬁ?ﬂl@ﬁ la]s»""ﬁjiﬁher%'Isulfonium perfluoro octane sulfonate and

triphenylsulfonium perfluoro butane sulfonate are further examples of suitable
pholoacid generators. A comprehensive listing and description of sulfonium and
iodonium photoacid generators that can be included in the present composition is
‘ound in U.S. Patent No. 6,010,820, which is incorporated herein by reference.
15

Additional examples of suitable photoacid generators are phenacyl p-
methylbenzenesulfonate, benzoin p-toluenesulfonate, o-(p-toluene-
sulfonyloxy)methylbenzoin 3-(p-toluenesulfonyloxy)-2-hydroxy-2-phenyl-1-
phenylpropyl ether, N-(p-dodecylbenzenesulfonyloxy)-1,8-naphthalimide and N-

20  (phenyl-sulfonyloxy)-1,8-napthalimide.

Other suitable photoacid generator compounds are o-nitrobenzaldehydes,

which rearrange on actinic irradiation to give o-nitrosobenzoic acids such as 1-

11



20 p-tol uenesul fonyl -I-cycl ohexyl car bonyl di azonet hane, 2-nethyl -2-(p-

t ol uenesul f onyl ) pr opi ophenone, 2-net hanesul f onyl - 2- net hyl - (4-

met hyl t hi opr@Ri none, 2,4-methyl -2-(p-toluenesul fonyl) - 3- Qne,

| - di azo- | - rr‘gteﬁglf%s%g{f onyl - 4- phenyi - 2- but anone, 2- (cycl ohei&%gb’ﬁgﬁ -2-(p
12 WO 412/ 08834,;RGL{ 180, o K

t ol uenesul fonylz;n)J p%{pane, %@eggylgé’ghnel’%?/ E3i ?e(})l%%/el’ glh-"ﬂ((:)?/ce’llp(%]ﬁJéWF 8‘5’?5‘5%%’%1 azonet ha
ne, 1 -cli ar_ao-,, -cyclohexylsulfqnyl-3, 3-dinethyl-2-butanone, .

i azon |- (1 1 S HHIPHRBD AT T blry ok o AR e iop ks spmLonic
1-acetyl -1-(1- nmethylethylsul fonyl)di azonet hane,

1- di azo- | - (p- t o ediviigryacylpBeroness sush hy2-hpdroxybenropiennes

1-di azo-I| -benzenesul f onyl - 3, 3-di met hyl - 2- but anone, 1-di azo-I-(p to

| uenesul f onyl ) -Bethaedwionge ind Bhhykoxybyedoplivansd bifmeihazegulforafe).t O

| uenesul fonyl ) acetate, tert-butyl 2-diazo-2-benzenesul fonyl acet at e,

i sopropyl - 2-5 di azo- 2- met hanesul f onyl acet ate, cycl ohexyl

2-di azo- 2- benzenesul fonyl acetate, tert- hutyl 2

di azo- 2- (p- { ol uenes kil 8} ST Bkl gPhh dORRI Vel gﬁﬂ&@;&h{ﬂpg&& 2,6

10 dini trobenzyl p-toluenesulfonat enzy

thylb f i £ abl L es. af. phot t
uoromet ny enz%gcﬁﬁfd!e tg@%é%%%\lno ?Iﬁ&{ée?mpﬁen?/é%?ymu%g jodigeP 1Ot Og€enerators are

hexaf | uor ot et r abr ono- >

1,1, 1-tris(3,5-dibr -4: hydr o henyl,) et hane and N-(2,4,6 15

tri br onophenyl )B}prﬁg@fomug'ggfgg@ogﬁyyg}%qee@ggqnﬁglgpw Be@HpooRIERtE on, the
phot oaci d generator is used at_about 0.5 parts to 10 parts by wei ght per
100 parts of pdiighsarisulfopivmehexpfluproarseaatpridphsaripufogmer at or i s i ncl uded at
about 2 to 5 parts, and nore preferably about 3 to 4 parts by weight 20 per

100 parts by wétidgoromsthamesuyionate,idiphemdethylatfoniasi ciioriderposi ti on.

phenacyldimethylsulfonium chloride, phenacyltetrahydrothiophenium chloride, 4-
nitrophenacyltetrahydrothiopheniumn chloride and 4-hydroxy-2-

methylphenylhexahydrothiopyrylium chloride.

15 Further examples of suitable photoacid generators for use in this invention
are bis(p-toluenesulfonyl)diazomethane, methylsulfony! p-
toluenesulfonyldiazomethane, 1-cyclo-hexylsulfonyl-1-(1,1-
dimethylethylsulfonyl)diazometane, bis(1,1-dimethylethylsulfonyl)diazomethane,
bis(1-methylethylsulfonyl)diazomethane, bis(cyclohexylsulfonyl)diazomethane, 1-

20 p-toluenesulfonyl-1-cyclohexylcarbonyldiazomethane, 2-methyl-2-(p-
toluenesulfony1)propiophenone, 2-methanesulfonyl-2-methyl-(4-
methylthiopropiophenone, 2,4-methy1-2-(p-toluenesulfonyl)pent-3-one, 1-diazo-1-

methyisulfonyl-4-phenyl-2-butanone, 2-(cyclohexylcarbonyl-2-(p-

12



The radi ation sensitive conposition of this invention also includes a

sol vent. The sol vent should preferably be inert, should dissolve al
conponent Swioudsds W c) 02/08834 PCTIUSO /13294 the conpggiriusimzagahoul d not
undergo any chem cal reaction with other conponents, and should be renoved
on drying af ttelegoalfonytjprofene, isydoleaylvdfongl-1-nydlahdsylcishonyddiazomethand,i mited to
organi ¢ solvents, such as 2-nethoxy-|I -propylene acetate, 'y- butyrol actone
(GBL), di gl ynediatelepdiyttxaibulfangl-§,Idihethyir2oyhmone, lgdigmel -(Bl-tononet hyl

et heracetate (PGQVEA), propylene glycol nononethylether (PGVE), nmethyl

et hyl ket one,dimethiihylsEGHA)Y, 3 ARhARNE-2-MitdRERd, a0REGI-1-¢)Cl opent anone,

cycl ehexanone, 2-netﬁoxyethano|, 2- et hoxyot hanol , 2-ethoxyethyl acetate, |-

met hoxy- 2- pr %é’tlayl@tﬁ%@%oglgp&ia%n‘i’étﬁ%E riQdeﬁ%!ﬁ@f-ﬂﬁ%ﬁeﬁééﬁ%xﬁﬁgfhfiﬁ%ﬁ%' osol ve

acetate, propylene gly nmonoet hy er “acet ate, e, ethyl
| actate, nmethyl 1o pyfuvat et h viat t hyl 3--net ho r opi onat e,
et hyl 3. ek hoRyP o HiRpa- Ben el S S PEbinone SCTRISINP 08, OO

et her, diethylene glycal_ nonoe | ethe di et hyl ene gl ycol nononet hyl

et her, diet hytPB‘ﬁ%esﬁlIfW§r3'W%{‘%'gi{ta%‘m‘ie‘?y?{ogﬁﬁ'll 81‘11‘1%01%1‘([?@. The preferred
solvent is pr OE%I ene gl ycol nononethyl etheracetate. 15 Typically, the

sol vent is abelencsolforybacetrtd tgstrbutyl %éazvei-gmzewulfmbcpfaﬁe; isom9pyldei ght of
polymer in the photoresist conposition. Preferably, about 200 to about 800
parts, and noligzofl-aktasdshifonyidoeiate, ¢obhexyl Z-Ahzparteszdmgsulenyjhdetqpg tertt 00 part s
by weight of polyner in the photoresist conposition is solvent. 20
Optional ly, thgylcaiRes-tp-ehefdsulfbi])adetts Dnitrébearill paslusmyulfonate|zle- a basi c
conpound. The basic conmpound functions to scavenge protons present in the

radi ati on;senghitb¥&zfIPRARhtdulona, PA dihidob@izpG-1 r radi ated by the actinic
radi ati on.

trifluoromethylbenzenesulfonate.

Other suitable examples of photogenerators are hexafluorotetrabromo-
bisphenol A, 1,1,1-tris(3,5-dibromo-4-hydroxyphenyl)ethane and N-(2,4,6-

15 tribromophenyl)-N’-(p-toluenesulfonyl)urea.

In the present invention, the photoacid generator is used at about 0.5 parts
to 10 parts by weight per 100 parts of polymer. Preferably, the photoacid generator
is included at about 2 to 5 parts, and more preferably about 3 to 4 parts by weight

20 per 100 parts by weight of polymer in the photoresist composition.

The radiation sensitive composition of this invention also includes a

solvent. The solvent should preferably be inert, should dissolve all components in
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The base prevents attack and cl eavage of the acid | abile groups by the
undesirable 14 WD 02/ 08834 PCT/USOL/ 13294 acids thereby increasing the
per f or mance pility of the resist. Suitable exanples of basic
conpounds ar‘gg%%/gérsgje)xarrpl e, 1,5-di azobicycl o[ 4. 3. 0] non- 5- &ifd/USPHERE4

8- di azobi cycl : ) , _tr.iphenylim dazol e.

L et oD S i oYt R LMk i cnénGatedc i PYIINIGARERSS, o
hol hyl)-2-thj . <2, 8-di hyl - 6H, , 11-

Tr) re'? hgnggiogtené/&%’ ) %%“Fdl}?e%%’%gﬁﬁﬁ%ﬁﬂhﬁ%é%m% %gts';@)% solyentsinglydo, byt Ber azj ne,

4-(3- arni nopr OPIyI ) nor phol i ne, 2-(am nophenyl) - 6-net hyl benzot hi azol e,
tri benzyl am ne ot Hmited t2 organig selventh suchras2Hypsthexydt propdenstacetatastt ne,

t hi onor phol i ne, 1, 3-bis(3- pyridylrnethyl)-2-thiourea,

4, 4" - t et r anet hylutynaahitqie (EBLY idiptymeg mdtdahydeofutsn {THReployyle dijoee,

N, N-di et hyl ani |l i ne, o-toluidine, mtoluidine, p-toluidine, 2,4- |utidine,
qui nol i ne,  issogutndRlkihfiesthdr@emRPORIEAY; Me-ghrbImasicdRthyhbi: (PGME),

di et hyl f or mam de, acet am de, N nethyl !-igfcj:)be]t arﬁﬂ}ge, N, N- diygr%at h>(/IIJ ace? am de, 2-
pyrrolidone, NyptyhpwetRk AR idoBh 9. Bl ' I,=hj.col i ne,
-y-picoline, 1. 2-}2he%)3éleenedi am rllg, ?ﬁ@[ﬁézngﬁpggg@d}:%?ﬁpﬁe%an&e’

1, 4- phenyl enedi

] - &1 N0~ i4 r.ophenol triazines such as
2- (p- chl or o- phécﬁg}}%-g%,oé?’% %ﬁ?@? %‘rgr%qt ’niﬁt-ggx-yoﬁlﬁdé’rzé %H‘Efyeﬁ’%zacetate’ 2
1, 3,5-tribenzyl hexahydro-1, 3, 5-trjazi ne, d mxtures thereof. The basic
conmpound and a&?ﬁ%ﬁx\";’ "Hr?)@i?‘ﬁg?e’ é@é‘?%?%‘g’@h‘%&rnﬁ ethyl %ﬁtﬁi‘}n‘ienﬁﬁ‘@ra@ﬁtﬁteabout 1to
20 parts by weight per, 100 parts by weight of the photoacid generator 20
used i n the ph&fwweas gycal mepeathyl et acpiates methy) lgctatpstyhleristecwabpund and
additive are present in an anount of fromabout 5 to 10 parts by weight,

nmor e pref erigbl pyruase sthybpBuvate, Taethyb Zintesholgyprogionps, ethglr3-thehogardpsorate, wei ght
of the photoacid generator

1,4-dioxane, ethylene glycol monoisopropyl ether, diethylene glycol monoethy!

ether, diethylene glycol monomethyl! ether, diethylene glycol dimethyl ether, and

the like. The preferred solvent is propylene glycol monomethyl etheracetate.

15 Typically, the solvent is about 100 to 1000 parts by weight per 100 parts by
weight of polymer in the photoresist composition. Preferably, about 200 to about
800 parts, and more preferably, about 400 to 700 parts by weight per 100 parts by

weight of polymer in the photoresist composition is solvent.

20 Optionally, the composition of the present invention may include a basic
compound. The basic compound functions to scavenge protons present in the
radiation sensitive composition prior to being irradiated by the actinic radiation.

The base prevents attack and cleavage of the acid labile groups by the undesirable

14



in the photoresist conposition. 15 WO 02/08834 PCT/ USO1/ 13294 The ratio of
the basic conmpound to additive is about 95:5 to 30:70. Preferably the ratio
of basic cQaRewRd, to additive is about 90:10 to 50:50, apgrmgPsbaRref erably
the ratio is about 65:35 to 75:25. 5 The radiation sensitive conposition

may al so i ncladide ttRrdbly Hfpdading @it pekfolthddicd &id stability 6f the @dsist.i Suitablehi bitor is
sel ected based upon the wavel ength of the exposing radiation and the

absor pti on_chasAGkett bietsmpbuiib PR biafie stieaplyibars ohpisRid or ¢ hat

wi |l be used. For radiation wavel ength exposure of nm~ 10 napt hoqui none

di azi de di Sscfb%ﬁgf@%'dmé\@w%ﬂ“? ‘glgg ?%geb@%ggﬁwﬂ&g,@&ﬁgoledescn ption

is provided in ot Cl enc€ and

Dol O ©luins Bt ey actinegop il Lty Bnoi neering

Press 1993), which are hereby |ncor por at ed I% reference. For exanple,
di azi des s%ch“%f@@gﬂwwpr?oﬁ%ﬁ%%@rd&??tbﬂ ohiRHrSddnt aester of a

hexahydr oxyspi robi fl uorene wi th napthoqui none-2-di azi de-5-sul fonic acid
are suitabl e rdétbmotibenzofb.fIblf]Biazapins. (Trogkds Basd), dtamino-4eipsrazinged-(onposi ti on
preferably includes about 10 to 35 wei ght percent of a dissolution

i nhi bi tor, whetigofrbgymmirsioline,2-(amigphenyl)-G-inethylBenzdttiezole tribemrylantind)i t or i s
| ess than about 2000. At 193 nm the napthoqui none di azi de di ssol ution

i nhibitors arg]eyan 1Uﬂfeﬁamabﬁﬁfeb@&betammﬁ@maaag;hbhﬁ@cp 3ig@ngl y. As such,

di ssolution inhibitors that do not

nyridylmethyl)-2-thiourea, 4,4”-tetramethylened1p1per1d1ne, aniline, N-

10  methylaniline, N,N-dimethylaniline, o-toluidine, m-toluidine, p-toluidine, 2,4-
Iutidine, quinoline, isoquinoline, formamide, N-methyl-formamide, N,N-
dimethylformamide, acetamide, N-methyl-acetamide, N,N-dimethylacetamide, 2-
pyrrolidone, N-methylpyrrolidone imidazole, a-picoline, B-picoline, 'y-picoline,
1.2-phenylenediamine, 1,3-phenylene-diamine, 1,4-phenylenediamine, 2-amino-4-

15 nitrophenol, and triazines such as 2~(p-chloro-phenyl)-4,6-trichloromethyl-s-

triazine, 1,3,5-tribenzylhexahydro-1,3,5-triazine, and mixtures thereof.

The basic compound and additive together are present in an amount of from
about 1 to 20 parts by weight per 100 parts by weight of the photoacid generator
20  used in the photoresist composition. Preferably the basic compound and additive
are present in an amount of from about 5 to 10 parts by weight, more preferably
about 6.5 to 7.5 parts by weight per 100 parts by weight of the photoacid generator

in the photoresist composition.

15



W) 02/08834 PCT/US01/ 13294 contain ethylene saturation and are

predom nantly conposed of alicyclic noieties are better suited at a

radi ation expasys vel ength of 193 run. At 193 run, suit [.§s0l ution
i nhibitors inglgdg%w?or exanple, bile acid esters derivedlgﬁg%?ggﬁ%lic
acid, deoxycholic acid, ursocholic acid, and lithocholic acid. U S. Pat.
No. 5 5,310,619 to Crivello et al. and U. S Pat. No. 5,372,912 to Allen et
al., describe the —usexl dritasitbandhid loRakiBistbbRIsS:5 sbirhnogr aphi c

process for device fabrication. Bot’h of these patents are hereby

i ncor porat ed by, : r i i Wt her..i ngl ude one or
mor e ot her comiranry Rt o Eeieln R AR ol b 30,55
surfactants, adhesion promoters, .|evel] agents, dyes, mxtures thereof,
and the |ike. %?S? 5 “éé%ibh%?r ‘Pé#]?bgmié%c!lsﬁgg,s'agor exanpl e,
perfluoroal5y|po|yoxyethylene ethanols and its ether and ester

derivatives,” fluorinated al kyl esters, 15 pert] uoroallcylam ne oxi des, and
the like. In addition, the present invention includes a process for formng
a relief pattern uShetpdistien samsifivsédmositiod mppalspinedas dissohetivhi on. The
process conprises the steps of. (a) coating on a suitable substrate, a
radi ati on sensiithidieor.c Thepdissolition iEhiPRREIEGEdIghséd Upod RO BRAgth88#hE, (1) a
phot oaci d generator, (iii) a solvent, (iv) a heterocyclic additive

sel ected from RgosHpQaMatiRANSH Hel aBébrRion CRARISHSS DB R i n (1),
(rer)y, (rv), an r?i%turaes theregf,ngr?g (v optioﬁfatﬁy, o%ﬁelﬁg?&hr%?e basi c

)
(1v), an d | "o asi
17"V 021 basas HOH DR PSSR ch idon veBigl Sebitfe SO B oci ng the

coated sub Sltor atngptﬁc())qu?n%gile HaSial agéo%tfog ?ﬂn&%}s are suitable, A more detailed

description is provided in Reiser, A., Photoreactive Polymers: The Science and

Technology of Resists, chapters 5 and 6 (John Wiley & Sons, pub. 1989) and

Dammel, R., Diazonapthoquinone-based Resists, (SPIE Optical Engineering Press

1993), which are hereby incorporated by reference. For example, diazides such as
15 napthoquinonediazide and a pentaester of a hexahydroxyspirobifluorene with

napthoquinone-2-diazide-5-sulfonic acid are suitable dissolution inhibitors.

The radiation sensitive composition preferably includes about 10 to 35
weight percent of a dissolution inhibitor, where the molecular weight of the

20  dissolution inhibitor is less than about 2000.

At 193 nm, the napthoquinone diazide dissolution inhibitors are even more

absorbent and may absorb too strongly. As such, dissolution inhibitors that do not
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post exposure baking the coated substrate at an el evated tenperature; (e)

devel opi ng the coated substrate with an aqueous devel oper, form ng an

i maged cogbgagypstrate; (1) rinsing the imaged coated pgpgtgpiay and (9)
drying the rinsed 5 substrate. The radiation sensitive conposition of this
i nvention is epahethymieayuratinishd ble@ralohsidnty eompsbd afalRydicmaars waf er, a
ceram c substrate, or the like. Coating nethods include, but are not

limted to SprayeueP@lile g a RBiaRorS@bitOwaflidngal of10B Rtd N.193 @m! ol | er coati ng,
SCreen pI‘I nting, extrusion coating, neni SCUS coatl ng, curtai I’l coat i ng, and

i mrer sion co { i at an
el evat ed tem%gfrt gzt%u?% g*tfoﬁ%%?n nh'ugén& for fgv@%gacidyesgﬁtde%és al f an hour,
dependi ng on porate.the,re sal,v sequently,
the resultirf é I&Vl#’%ﬁ%y"t‘ﬁ}cr?ﬁ o pURolS asid, @B&T cﬁ?‘é ﬁ;%g ﬁ'sﬁba preferred
pattern 15 through a nmgs X-rays, KrF-exciner |aser, ArF-exciner |aser,
el ectron BearﬁJlOgﬁlPF%@rla?l&et%?%Wﬁel’%Tgﬂ«tS 3R 20 Allen gl cdeseribe thsed as
actinic rays. The npst referable rays are those with wavel engths of about
248 nm or | esse oFbesesligsniytioninbiditprs in lithagrephir procesdifertdewing fabricationadvant ageous
to heat the 20 coated substrate to a tenperature between about 60 C and
200 C. The cdhuitiedf thesslyatentstaee heseblpdmbogmbrated byweferdnearper at ure range for a
short period of time, typically several seconds to several mnutes. This
process step is comonly referred to in the art as post exposure baking.
18 WO 02/08834 PCT/ US01/ 13294 The filmis devel oped by an aqueous
devel oper and a r dhegfesgatitvention rsayofiottbérnmiudeiine onoomemiler dempdnepisr | ncl udes
a solution of alkali(s) such as an

10 selected from the group consisting of surfactants, adhesion promoters, leveling

¢

agents, dyes, mixtures thereof, and the like.

Suitable surfactants include, for example, perfluoroalkylpolyoxyethylene
ethanols and its ether and ester derivatives, fluorinated alkyl esters,

15 perfluoroalkylamine oxides, and the like.

In addition, the present invention includes a process for forming a relief
pattern using the composition of the present invention. The process comprises the
steps of: (a) coating on a suitable substrate, a radiation sensitive composition

20  comprising (i) a polymer resin, (ii) a photoacid generator, (iii) a solvent, (iv) a
heterocyclic additive selected from the group consisting of compounds of formulas
(D, (ID, (OD), (IV), and mixtures thereof, and (v) optionally, one or more basic

compounds, forming a coated substrate; (b) baking the radiation sensitive

17



inorganic alkali (e.g., potassium hydroxide, sodium hydroxide, ammonia
water), 5 primary amnes (e.g., ethylam ne, n-propylam ne), secondary

am nes (e.g. 48 am ne, di-n-propylamne), tertiary am ,
w%o%%&}ﬂ &glfg]sgfm%x

triethylamne cohol am nes (e.g. triethanol am ne), quat y “anmoni um

| t .g., ] I i . . ol d i de),
ond i xtures  CPEpOT Yy MR BN MY s kL AE LW AE TR AT 0N g
t et t hyl i um. 10 id 3 opriate, amunt of
sur factant - can et Rugr e Oubd Mbbue BB SRRl cor e ou
ot hode. The 1 GEYaPEBAHE BrASd wbfieis it Aessears HRGIEh BRFSanRER. | 35 To

illustrate the present invention, the follow ng exanples are provided. It
shoul d be undercgtiedeubstaate; (Diiasipg theéneged soued subsirate apwbfs) fiyingttkerinsed t he
exanpl es described. 20 Synthesis Exanple 1 Preparation of

pol y- 1- cycl ahexybstateoxy/ et hoxyst yr ene- co- hydr oxystyrene-co- a c

et oxystyrene-terpol ynmer: 19 WO 02/08834 PCT/US01113294 A 1000 ni

round- bottom three-necked flask was equi pped with a tenperature probe, an
over head nechanical stirrer and a nitrogen inlet. 564 G of propylene

gyl col nononet hyl e : @@gg-- F ask. 90 G
of powdered PIIS (Nit-ﬂslgf)ad%g?%%%li%;n W&tlﬁa%%%?ﬁ‘%/aﬁgodalgg%ééd {'ng aH;e stirring 5

solvent. 19.2 G 0l fHELOREAY o SRAQ kwa\f\é?',sa Atded sdbSithee, of B2 1ir11c"é.xégz{t1engms

stirred for

KD

methods include, but are not limited to spray coating, spin coating, offset printing,

10 roller coating, screen printing, exirusion coating, meniscus coating, curtain coating,
and immersion coating. The resulting film may optionally be prebaked at an
elevated temperature of about 60-170° C for several minutes to half an hour,
depending on the method, to evaporate the remaining solvent. Subsequently, the
resulting dry film is imagewise exposed to actinic rays in a preferred pattern

15 through a mask. X-rays, KrF-excimer laser, ArF-excimer laser, electron beam,
ultraviolet, visible light, and the like can be used as actinic rays. The most

preferable rays are those with wavelengths of about 248 nm or less.

Following exposure to actinic radiation, it is advantageous to heat the
20 coated substrate to a temperature between about 60° C and 200° C. The coated
substrate is heated in this temperature range for a short period of time, typically
several seconds to several minutes. This process step is commonly referred to in

the art as post exposure baking.
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30 mnutes to forma honogeneous sol ution. The solution was heated to 60 C
and vacuumwas applied to distill 276 g of the solvent. The sol uti on was
al |l oned toyo@®®s3f 0 roomtenperature under a nitrogen atgeppbfigs15- 03 G
of tertiary-butyl vinyl ether was added to the honbgeneous sol ution,

foll owed by 500 ng of solid 10 pyridinium para-toluene sul fonate. A brief
exot herm was observed, followed by a tenperature rise of 25 Cto 32 T. The

sol ution was thenTtgg ﬁnﬁﬁmeaélol?eabG}aia(aque%us%dede@Eéﬁnda{lel@fﬁimH1set hyl ani ne
solution, prepared by dissolving | g of triethylamne 1n 99 g of PGVEA,

ves 2????eé°f(’%?ﬁwﬁe§§%i¥fona’i“%%&m‘%&f‘%‘iig Sk <rﬁ’ﬂo§E@‘§. néfFi‘,Sé'i’g (%nd)c(%gre
]
vas acded. - THE R D e pe g F PR SptilS Todegie JoftporiE Setle ol yrrer

solution was transferred to_a 2000 niL s par%tory funnel and treated with
345 g of SacéfBRe m&@%‘*égmeﬂ‘ﬁmg‘l’é?ﬂ anipe) sepndary AmEREsA88. wat er. The

mxture was stirred briefly for 5 nmnutes and allowed to separate into two
| ayers. The |dsietlarpigedbaronylamindy teritpsy amises(ede driethylamine)p or gani ¢ | ayer was
subjected to two nore washings. |In the second washing, 69 g of acetone, 21
g of PQVEA anttob8lagine$ (ec irietirnglanhine)ajueternagysammsanium kaltst(legs.,t hi rd washi ng, 52
g of acetone, 21 g of PGVEA and 69 g of de-ionized water was used. The top

organi c | ayenetvagtiylaifdrmiirn agdrbde, 403 thyEnnhivdChRR6:xddd} S Mi%inddS01/ 13294
round- bottom three-necked flask. The flask was equi pped with a tenperature

probe, an ovetheRdTaE mbit§hefand Rviapets ik Hlost bdn'tﬁhhé’ﬁtrﬂﬁ?ﬁ?ﬁh%’rh onilif flask

was placed on a heating mantle. The organic volatiles e pol ymer

sol Ut on \Wer g /oCiRYPRhARY. ALUBABHRAb GmBhlohh bittubAih B bé Qudea Flgal t7aces of

| ow vol ati |l e sol vent's

developer. Development can be carried out by means of immersion, spray,

puddling, or other similar developing methods.

The relief pattern is then rinsed using deionized water.
15
To illustrate the present invention, the following examples are provided. It
should be understood that the present invention is not limited to the examples

described,

20 Synthesis Example 1
Preparation of poly-1-cyclohexylethoxy/ethoxystyrene-co-hydroxystyrene—co-

acetoxystyrene-terpolymer:
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5 were renoved by applying vacuum The remai ni ng pol ymer sol ution was
diluted to a solids content of 30 weight percent. A small portion of the
sol ution wasygightdsed Wi th an equal volume of THF. The ho SoHS, SO0l ution

was drop-wi se added to ten-fold excess of hexanes. 10 The (e 5614 d mass

was recovered by 11 I 10D ARLHILE Gt BUPOUNTRON RN i e O 07 12

hours. The solid sanple was submtted for 1H an s for the

determ nation qf | et | _.and..acet oxy..i ncor poration,. Result:
13, 2% cyel ohexyP L SR SRt B RE RN oG TRRE Y Bl o 2
Preparation of poly-|- | ohexy]. et hoxy/ et h sLyrene-co- hydr gxystyrene

pol ymer: A 100@3'???_})(‘?18&?%&6’6?@3#”}5'{ eéé“ﬁ@%%ﬁ“ﬁlb‘é’?@ charged Hie g‘ﬁééﬁw th a

t enperature probe, an overhead nmechanical stirrer and a nitrogen inlet. 564
G of 20 propylPrféogEavdsred FEISNs {omeraion M6 200 wasanss) todkestiving ged i nt o
the flask. 90 G of powdered PHS (N sso Corporati on MM8000) was added to
the stirring solveeint!2.220 of Fyclohetyl ethetad max gddeé tibraritie miasraabstiraefic. The

m xture was stirred fb:- 30 mnutes to forma honbgeneous sol ution. The

m xture was heaoasiniies ®Foin a Rdmd¥ehebdk 081884, RS bdVSEdn/ wed 284ted RVY cramHUM was

applied to the solution to distill 276 g of the solvent. The solution was
Cert 1 ary- butyl rayl arRRrgerndads LPERe itk HESANSPLIRARARES e “S00 0 o
cbserved, 5 1 ol BUBHRY ehPrERCraFA SUHE s tRReBee ey ot b RlonkB Rt on
wes stirred at v%nSyl giher was added to the homogeneous solution, followed by 500 mg of solid

10  pyridinium para-toluene sulfonate. A brief exotherm was observed, followed by a
temperature rise of 25 °C to 32 °C. The solution was then stirred at 23 °C for 2.5
hours. 24 G of triethylamine solution, prepared by dissolving 1 g of triethylamine
in 99 g of PGMEA, was added to the reaction mixture to quench the acid. The
reaction mixture was stirred for an additional 30 minutes. 2.99 G of pyridine was

15 added. The mixture was stirred for 5 minutes and then 3.06 g of acetic anhydride
was added. The mixture was then stirred at 23 °C for 2 hours. The polymer
solution was transferred to a 2000 mL separatory funnel and treated with 345 g of
acetone, 138 g of hexanes and 138 g of de-ionized water. The mixture was stirred
briefly for 5 minutes and allowed to separate into two layers. The lower aqueous

20  layer was discarded. The top organic layer was subjected to two more washings.
In the second washing, 69 g of acetone, 21 g of PGMEA and 69 g of de-ionized
water was used. In the third washing, 52 g of acetone, 21 g of PGMEA and 69 g of

de-ionized water was used. The top organic layer was transferred to 2 1000 mL

20



for 2.5 hours. 24 g of triethylam ne solution, prepared by dissolving 1 g
of triethylamne in 99 g of PGVEA, was added to the reaction mxture to
qguench t heyoashskss The reaction mxture was stirred for apcpgddiseaal 30
m nutes. The polymer solution was transferred to a 2000 nL separatory

funnel and t reaidbbtiind, thrédbeofedflaskD The Aashvess eddBped with Hexpeatrand 138 g of
de-ionized water. The m xture was stirred briefly for 5 mnutes and

al owed to sepasdhfoveihedd kiier aaY 8 vaouuhhBsti UG asSethilPUShe 1RK Gfas WAS
di scarded. The top organic |ayer was subjected to two nore washings. In

the second V"alﬁggelli‘ 9n a%@atﬂlﬁ%anﬂﬁ.e{{'ﬁé‘@xgargé-v&atﬁés Ve &%:l}%cg %olgti%}{w -1 oni zed

wat er was used. In the third washing, 52 g of acet and 69

g of 15 de-ionized ,water s used.. The t, r gani c er s trapsferred to
2 2000 - GuGe g RberRSe 5 ared A0 5 e R oL B BEagveBBoc W th o
tenperature probe, an overhead stirrer and a vacuumdistillati on assenbly.
The flask iwasVerpreeyad 85 applHeg ¥ Ay Hi rewainingpolymes splatiqropag diluted t9 r om t he
pol ymer solution were renoved by atnospheric distillation at 70 C. Final
traces of | ovesebiaedntent 930 weight eoenier e renoved by appl yi ng vacuum The
remai ni ng pol yner solution was diluted to a solids content of 30 wei ght
percent. 22 R () 02/08834 PCT/US01/13294 A small portion of the solution
was diluted with an equal volume of THF. The honpbgeneous sol ution was

drop-wi se added t o &@alt pertioh 6ftbe sslutin Wi XaGRS with Bheqidl vbiamsof THFNMBSS was
recovered by filtration and dried in a vacuumoven at 45 C for 12 hours.

The solid sampleoRgetidBiidiltRRA vWdldropvidd sided &f eI RRGLY S HRxaheb.OF L he
determ nati on of cycl ohexylethyl acétal. Result: 20.4% cycl ohexyl acetal
and 0% ac % OX¥ b ieSBRd mass was recovered by filtration and dried in a vacuum oven at 45

°C for 12 hours. The solid sample was submitted for 'H and -'*C-NMR analysis

for the determination of cyclohexylethyl acetal and acetoxy incorporation. Result:

13.2% cyclohexyl acetal and 8.6% acetoxy styrene.

15 Synthesis Example 2
Preparation of poly-1-cyclohexylethoxy/ethoxystyrene-co-hydroxystyrene
polymer:
A 1000 mL round-bottom, three-necked flask was equipped with a
temperature probe, an overhead mechanical stirrer and a nitrogen inlet. 564 G of
20 propylene gylcol monomethyl ether acetate (PGMEA) was charged into the flask.
90 G of powdered PHS (Nisso Corporation MW-8000) was added to the stirring
solvent. 20.77 G of cyclohexyl ethanol was added next. The mixture was stirred

{or 30 minutes to form a homogeneous solution. The mixture was heated to 60 °C
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Synt hesi s Exanpl e 3 Preparation of
pol y-1- cycl ohexyl et hoxy/ et hoxyst yr ene- co- hydr oxystyrene. -co- 10

acet oxystyr - | ymer bl end sol ution: Polymer solutio d in the
manner expl g\ﬁﬁgﬁsﬁpsynt hesis Exanples i and 2, were bl e%erglF g%rez?ﬂer at

the wei ght ratizgg %cuﬂﬁw%aPﬁﬂiédQ@ﬁme%lu%@?s%h%‘76 Eg?iﬁl? kSvent 2Pk %ﬁné%) of the

polymer in Synthesis Exanple 2, to provide one nogeneous sol utl onI 01;] a I
pol yner containj . A (Y L cycl ohexy
eetal Thi's polasRe B thRtE it Aihagfl e b SRR st DRSO BEC Toer ot
formul ations proyi ded. in. | es hrough 21. 20 NPbg t hroygh 11
Resi st for mul att%f;llri]rgr%&\gll X@%P"@ﬁ#ﬁg% H’g‘gf g?m‘ig?‘%ofs é&‘é@?‘ | gm@%"ﬁgt hyl -
acetal bl ocked pal.yhydroxystyre ol ymer. containing 4 nole %
acet oxystyr ene,pgnﬁ%') .%@@‘l‘e&ﬁé‘ﬂgﬂ%‘?w ?‘{é’ﬁ‘}l A@HF?%&’SW a8 ?b???é[@‘b) , (c) 87.0
grams solvent 23 WO 02/08834 PCT/USOL/ 13294 (PGVEA) containing a |eveling
agent ( FLUORAD felowegdy-2 tempasataisaisb of 2 358te 42 °Culhasrtiution was atinkd(at 23 8C 02489
grans of an Additive as indicated in Table 1. Table 1 5 Resist Additive Eo
Gamma Val ue  Bfar@s Rours. rel cof tdethyliaine 6lition\pebeed BledidoBRiENs ofl Anti pyrine
12. 60 37.2800

triethylamine in 99 g of PGMEA, was added to the reaction mixture to quench the

acid. The reaction mixture was stirred for an additional 30 minutes. The polymer

solution was transferred to a 2000 mL separatory funnel and treated with 345 g of

10 acetone, 138 g of hexanes and 138 g of de-ionized water. The mixture was stirred

briefly for 5 minutes and allowed to separate into two layers. The lower agueous

layer was discarded. The top organic layer was subjected to two more washings.

In the second washing, 69 g of acetone, 21 g of PGMEA and 69 g of de-ionized

water was used. In the third washing, 52 g of acetone, 21 g of PGMEA and 69 g of

15 de-ionized water was used. The top organic layer was transferred to a 1000 mL

round-bottom, three-necked flask. The flask was equipped with a temperature

probe, an overhead stirrer and a vacuum distillation assembly. The flask was

placed on a heating mantle. The organic volatiles from the polymer solution were

removed by atmospheric distillation at 70 °C. Final traces of low volatile solvents

20 were removed by applying vacuum. The remaining polymer solution was diluted

to a solids content of 30 weight percent.
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2 4-Aminoanti ' e 15.60 12.4500 3 4-Acetam doanti yrine 6.60 17.2300 4
Caffeine 4.80 16.1300 5 1,1'-carbonyldiimdazole 10.80 3.8013 6

4-Di et hyl w@opeass i yrine 13.80 15.6745 7 4, 4-Det hyl - | pphgRylsse 3. 00
143. 5100 pyrazolidi none 8 4-Hydroxyanti yrine 18.00 (-400) 9 1-Phenyl-2-
yrrolidi none 3. 00 AswdlDbrtiddof the¥ohittioh was ditutad with dh squaevaume o TRRO0 11

4- Phenyl urazol e 2.40 5.1200 Eo is a neasurenent of the m nimum dose

required for geMBIRE&csus ltvh wab Bdplwise ddded ﬁ)tteﬂ-fblaeioagmheia@as in a given
process in a given period of tine. The gamma value is the slope of the

line tangent vmé s61#4 ¥&ss vvas@eoebé}ed9&1&%&9&%&%@%@&@%88

remai ning versus the log of the exposure dose rough 21

f l, d .- cycl ohexyl
L L MR P |
87.0 g?/arré scfP%;téﬁfle W%&Y@%ﬁlﬂg ylgce ék/éiﬁ?‘ﬂb' 2§ée’h‘iy° PSS FC- 430 -

fl uorocarbon based surfactant), and (d) a Base and Additive m xture as
i ndi cat ed i n endBbeacptoxp tyrgne 02/ 08834 PCT/ USOL/ 13294 Table 2

Synthesis Example 3
Preparation of poly-1-cyclohexylethoxy/ethoxystyrene-co-hydroxystyrene—co-
10  acetoxystyrene-terpolymer blend solution:
Polymer solutions prepared in the manner explained in Synthesis Examples
1 and 2, were blended together at the weight ratio of 46.5% polymer of Synthesis
Example 1 and 53.5% of the polymer in Synthesis Example 2, to provide one
homogeneous solution of a polymer containing an average of 4% acetoxy styrene

15 and 17 % cyclohexyl acetal.

This polymer solution was used in the preparation of all the resist

formulations provided in Examples 1 through 21.

20 EXAMPLES 1 through 11
Resist formulations were prepared using (a) 12.61 grams cyclohexylethyl-
acetal blocked polyhydroxystyrene polymer containing 4 mole % acetoxystyrene,

(b) 0.39 grams PAG (triary] sulfonium sulfonate), (c) 87.0 grams solvent
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Resi st BASE and ADDI TI VE M xture Base Eo Gamma Exanple Weight (md/cmcm
For 60" Nunber Devel opnent 12 70% DBN 130% Anti nine 0.01625 10.80 14. 1248
13 70% DBN 9 yri noanti rine 0.028 19.80 12.3435 14 70% [BN / 30% 4-
0.028 16. 80 ‘?g.‘%’ggfgn Acet ani doanti rine 15 70% DBN 130% Caéf%f e nQ‘ G.028

15.80 12. 3654 ) ~1833 . oant |
15,50, 12 3655 0000 0Rlril .08, 00 ol 1 Bl

phenyl - 3- pyr azQl,iedi M YonA s, .8 .17, 60 768

Hydr oxyant i pyr ?%%%‘%%@%E@%@gpﬁﬁ%e{ﬁéﬁ&? AR T o 7230 o
rrolidinone 20 70% DBN / 30% 1- Phenyl -3- 0.028 15.40 7.1807 pyrazolidi none
21 100% DBN 0.028 17.00 7.089 In gener the lithographic results were

3- 0
proportional in profile quality to 5 ﬁ@edam’ra val ues shown in Table 2.
The fornmul ati opused .in exanple 12 provided the best inpge profiles with

vertical side |h&Rebist {hat are stidditive t han any| ot fBar f orGathah Vahe || n
exanpl e 15, thgxbmpleul ati on produced fl at tops (@idmsdngeper Forgpofi ljes than
the formul ati ofNwshbeexanpl e 21, which did not gontain an detidgnyss 9f

1 Antipyrine 12.60 37.2800

2 4-Aminoantipyrine 15.60 12.4500

3 4-Acetamidoantipyrine 6.60 17.2300

4 Caffeine 4.80 16.1300

5 1,1’-carbonyldiimidazole 10.80 3.8013

6 4-Dimethylaminoantipyrine 13.80 15.6745

7 4,4-Dimethyl-1-phenyl-3- 3.00 143.5100

pyrazolidinone

8 4-Hydroxyantipyrine 18.00 (~100)

9 1-Phenyl-2-pyrrolidinone 3.00 9.4600

10 1-Phenyl-3-pyrazolidinone 3.00 4.2200

11 4-Phenylurazole 2.40 5.1200

Eo is a measurement of the minimum dose required for completely
dissolving the resist in a large area in a given process in a given period of time.
The gamma value is the slope of the line tangent to the curve in a plot of

10 normalized film thickness remaining versus the log of the exposure dose.

EXAMPLES 12 through 21
Resist formulations were prepared using (a) 12.61 grams poly-1-cyclohexyl
ethoxy/ethoxy styrene-co-hydroxy styrene polymer containing 4 mole % acetoxy
15 styrene, (b) 0.39 grams PAG (triaryl sulfonium sulfonate), (c) 87.0 grams solvent
(PGMEA) containing a leveling agent (FLUORAD FC-430 - fluorocarbon based

surfactant), and (d) a Base and Additive mixture as indicated in Table 2.

24



this invention. 10 The present invention has been described with particular
reference to the preferred forns thereof. It will be obvious to one of
ordi nary skbplobidsss t he art that changes and nodifi cati ongcimugeig29qade
therein without departing fromthe spirit and scope of the present

i nvention as defined by the foll ow ngTstl@2 ns. 25 WO 02/ 08834 PCT/ US01/ 13294
What is clainmed is: 1. Aradiation sensitive chemcally anplified

phot or esi st FOFRASI|T I@&g%@@gﬂmm&&ré Pr @YENgNT gonpor | §onma ¢ i ncl usion
in the compositdgpr|of a heterocyclic add twag,ts%g&tcg,gl f r et  h group
consi sting of yygedounds of the fornmulas (1), | ipbvej@dnd | V): RL N
10 where RS T T 70% DN 309 Ktibfine ﬂnfe&azskmw.gdf O pigY e O
CH3 R2 IN-O "NA3)700% DBN/ 30% 4-Aminoantipyrine | 0.028 | 19.80 | 12.3435

14 70% DBN / 30% 4- 0.028 16.80 12.6629
Acetamidoantipyrine
15 70% DBN / 30% Caffeine 0.028 15.80 12.3654
16 70% DBN / 30% 4- 0.028 19.20 8.1833
Dimethylaminoantipyrine

17 70% DBN/ 30% 4,4-Dimethyl-1- 0.028 15.40 11.8686
phenyl-3-pyrazolidinone

18 70% DBN /30% 4- 0.028 17.60 9.6768
Hydroxyantipyrine
19 70% DBN/ 30% 1-Phenyl-2- 0.02489 13.60 9.7230
~pyrrolidinone
20 70% DBN / 30% 1-Phenyl-3- 0.028 15.40 7.1807
pyrazolidinone
21 100% DBN 0.028 17.00 7.089

In general, the lithographic results were proportional in profile quality to
5  the gamma values shown in Table 2. The formulation used in example 12
provided the best image profiles with vertical side walls that are steeper than any
other formulation. In example 15, the formulation produced flat tops and steeper
profiles than the formulation of example 21, which did not contain an additive of
this invention.
10

The present invention has been described with particular reference to the
prcferred forms thereof. It will be obvious to one of ordinary skill in the art that
changes and modifications may be made therein without departing from the spirit

and scope of the present invention as defined by the following claims.
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where R2 is -CH3 or benzoyl; 26 "I/Ifll1IIhiTITTu/11ITLIT WO 02/08834

PCT/ US01/ 13294 iWX NR3 1 --0- Z cam where R3is -H or d-C4 alkyl; O
W X Y, e each independently selected from - - -G

- CH(CH3) - @@%3@%2 -* -NH, or N(CH3) - ' with the proi_’!i%ggls’oﬂlsgﬁ t hat
at least one of W X Y, or Zis -C' and at least one of W X Y, or Zis
-NH - or N(CH3) -; O(/ 5P NBNMN AN 4 (R)9 (1V

What is claimed is:
1. A radiation sensitive chemically amplified photoresist composition wherein
5 the improvement comprises the inclusion in the composition of a

heterocyclic additive selected from the group consisting of:

compounds of the formulas (f), (IT), (II1), and (IV):

Rl
A :
@
i0
where R'is —H, —NH; —> —OH, —N(CHzs)s, —NH —CO —CHa, or

@\N\ [ -
/'

CH, CH; »

R2
—~O
/
N

(n

where R% is ~——CHj or benzoyl;

iy Wi

S *



0 where Ais -
- CH2 - CH O -

CH R4 is -H,

“CH3, or - CH2 - CH(CH3)2 R5 is -H,

CH2(OH); R6 is -H d B and D are identical

- CH3,
and sel ected

or

from- C -wBhadskk onepandgi sOandt heot her pandgis 1, whepcfukéyzses= and

m Xt ures thereof.

27 11111111211211111 11111t111111 5 WO 02/ 08834

PCT/ US01/ 13294 2. A radiation-sensitive conposition conprising: a polyner

resin; a photoaci

(1),

and

(1,
-CO- CH3, or a

L

d generator; s a.solvent,

iy

where R? is —H, or C;-Cy4 alkyl; 0
]
W, X, Y, and Z are each independently selected from —CH;—> —C—:

—CH(CH3)—> —C(CHz);—> —~NH—> or —N(CHz)— » with the proviso

that at least one of W, X, Y, or Zis —C—> and at least one of W, X, Y, or Z is
~NH— or —N(CH3)—;

g
NV \N

)\ Il) /A
N~ N
\

R4 (R%q
av)
0
where Ais —CH= or —lclj— )
R*is —H, —CH3, of —CH,— CH(CHz);
R’is —H, —CH;, ot — CH,— CH(OH)— CHy(OH);
R®is —H; !
B and D are identical and selected from —C — or —(ISH— ;

one p and q is 0 and the other p and q is 1, when A is —CH= ; and
mixtures thereof.

27
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L
% c

and a heterocyclic additive

sel ected fromthe group consi stknﬁ\g\: ?Im nds of the formulas (1),
(IV): R (1} }0 wheNR3NH2 OH, N(CH3)2, -
(c)N)y2 v/ \)

NH



ti C{3 CH3 R2Z!"'NN where R2 is -CH3 or benzoyl; 28

fliitii/t/tguijlt//3l,,,i WO 02/08834 PCT/US01/13294 X | NR3 Y Z/ (l11)
where R3 is whhoyesssfl-C4 alkyl; 0O W X, Y, and Z are eacmdﬁ[%?%gfntly
selected from-CH2-, -Cl -CH(CHB) -t -C(CH3)2 -, -NH , Wth

the proviso 0 11 that at least one of W X Y, or Zis -C and at | east
one of W X, Y, or Zis --H or NCH3) -; 50 (" 5 5p N B- N1 A
2. A radiation-sensitive composition comprising:
a polymer resin;

a photoacid generator;

5 a solvent, and

a heterocyclic additive selected from the group consisting of:

compounds of the formula.é (D, @D, (1D, and AV):

O

4y

RI

10
where R'is —H, —NH;—> —OH, —N(CHz)s, —NH—CO—CH;, or

-0
/
N

n

where R*is —CH; or benzoyl;

28
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O--- N,D N1 4(6) R9 (IVV 0O 11 where Ais -CH=or -c R4 is -H,
-CH3, or - CH2 - CH(CH3)2 5i Rs -H, -CH3, or - CH2 - CHOH) - CH2(OH);
R6 is -H wdoBugsd D are identical and selected from- Cper®gkorri8ids ; and p

and gq are independently O or 1; and 29 11111111 111111 VIl 11111 11 1111 M
S WO 02/ 08834 PCTI US01/ 13294 XO/W pandgareboth |, when Ais -C-;and
m xtures thereof 3. The conpo%iti onyof @w 2 R\z\:herei n said additive is
selected fiomthe 5 group cogsi sti/ng o} A/O
~Z
(1)

where R® is —H, or C,-C; alkyl; 0

Il
W, X, Y, and Z are each independently selected from —CH,—, —C—>
—CH(CH3)—> —C(CH3); —> —NH—> or —N(CHj)—> with the proviso

that at least one of W, X, Y, or Zis —C—> and at least one of W, X, Y, or Z s
—NH— or —N(CHj)—;

0 (}{5)p
\N/m\B//N\
)\ | A
@ NP =N
| \
R4 (R )q
avy

O
where Ais —CH= or —llj— ;
R*is —H, —CH3, or — CH,— CH(CHz);;
R’is —H, —CHs;, or — CH,— CH(OH)— CH,(OH);
Réis —H; I
B and D are identical and selected from —C — or —(|3H— ; and

p and q are independently 0 or 1; and
29
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I-12N ,NO N ~O- -0 N)~ NN 10D O NN -VN) OTT NNI, N,NO "7 \(
H" O and 30 11111111111 L WO 02/08834 PCTI US01/13294 N-O 4. The

conposition L.m 2, wherein said additive is selected f t he group
consi sting o??) ﬂglb%bli"{n , PCTAS01/15304

i
pandqgareboth 1, when Ais —C —;and

mixtures thereof.
3. The composition of claim 2, wherein said additive is selecied from the
5 group consisting of:
I[ H 0 [
HaN 3{( —N
2O O I@{@
\ , \ , \
3L
N
N N
N N N
\ \ N

10
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r~OHN \~~[ NNNNONNONNH NN~ O~NNHNNN ONNN HOH
H H 10 NN\No o O-NNHO NN and HH The conposition of claim2,
wherei n sajg (3] i ve is about 0.01 to 20 parts by wei gbtrRSs/138Q parts by
wei ght of said photoacid generator. 31 s I//I,1 CIlI/1t//11 1L WO

02/ 08834 PCT/ USOl/}13294

O
SN

.. N
_/j\/
/

4. The composition of claim 2, wherein said additive is selected from the

group consisting of:
OH
H i N
) > >
/1\ . N 0)\111 N O)\T Ny

e
(’AQ Aj&3 @8

2 >

10
. /
Y. Y-
0 0
)\ . o/l\g N

The composition of claim 2, wherein said additive is about 0.01 to 20 parts

N

by weight per 100 parts by weight of said photoacid generator.

31
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6. The conposition of claim2, wherein said polynmer conprises
cycl ohexyl et hyl -acet al bl ocked pol yhydroxystyrene. 5 7. The conposition of

claim?2, wh i j d photoacid generator is selected fraom.the group
cfBloRu3l ohaurag!

consi sting onirum salts, sulfone conpounds, sulfonate
sul fonyl oxyi m de conpounds, di azonmet hane conpounds, disul fones, and
m xtures thereof. 10 8. The conposition of claim?2, wherein said photoacid

generator is agdriazyk coxﬁ%ﬂsﬁf?ﬂio?@fhﬁﬁ fm@élgsagppoggh?ggﬁg@s%gi tion of claim2,

wher ei n sai d photoacid generator I s about parts by wei ght

per 100 parts by wei i I L . 10. . The conposition of claim 2,
wherei n said sol ventcg{iéhegglfiéé@ %8‘9‘??%%? R%I@%%Sm%%si sting of

2- met hoxy-1 - propyl ene acetate, y- butyrol actone, diglynme, tetrahydrofuran,
propyl ene gl ycol nononethyl etheracetate, propylene glycol

mononet hyl et her, nethyl ethyl ketone, nethyl isobutyl ketone, 2 20

hept anone, Sycl’epentlafhearostipr o&rlarnhdrhereipsaidnhatonsia generior, is selected

et hoxyot hanol , 2-et hoxyethyl acetate, |-methoxy-2-propyl acetate, 1, 2-

di met hoxy et hane et fipn the gioup eqnsisting afs olive satsetutibes compopydsendfogaty col

nonoet hyl ether acetate, nethyl lactate, ethyl lactate, nmethyl pyruvate,
ethyl | | |~~ 1111 kbmpounds, shifdnibilitdde3dmpaudds JiszoOhe R8F3dnds,

PCT/ US01/ 13294 pyruvate, nethyl 3-nethoxypropionate, ethyl

3- met hoxypr opi onat e dishiféhres, Gh@¥@®Ares @kfYE €ne gl ycol nonoi sopropyl et her,
di et hyl ene gl ycol nonoet hyl
10 8 The composition of claim 2, wherein said photoacid generator is a triaryl

sulfonium sulfonate.

9. The composition of claim 2, wherein said photoacid generator is about 0.5
parts to 10 parts by weight per 100 parts by weight of said polymer.
15
10.  The composition of claim 2, wherein said solvent is selected from the group
consisting of 2-methoxy-1-propylene acetate, y- butyrolactone, diglyme,
tetrahydrofuran, propylene glycol monomethy! etheracetate, propylene
glycol monomethylether, methyl ethy! ketone, methy! isobutyl ketone, 2-
20 heptanone, cyclopentanone, cyclehexanone, 2-methoxyethanol, 2-
ethoxyothanol, 2-ethoxyethyl acetate, l-methoxy-2-propyl acetate, 1,2-
dimethoxy ethane ethyl acetate, cellosolve acetate, propylene glycol

monoethyl ether acetate, methyl lactate, ethyl lactate, methyl pyruvate, ethyl

A



et her, diethylene glycol nononethyl ether, diethylene glycol dinethyl
ether, and m xtures thereof. 11. The conposition of claim 10, wherein said
sol vent i syprepsene gl ycol nononethyl etheracetate. 12pcThRoGR35400Si tion
of claim2, wherein said solvent is about 100 to 1000 parts 10 by wei ght
per 100 parts by wshghte, Sbthpld-petibxyplofibitite, 8l led-ineMoRBRsibiare 1,4CoNposi ti on.
13. The conposition of claim2, further conprising a basic conpound. 15 14.

The conposi tion Ofdi&laﬁé,memél%&oﬁ%ﬁﬁﬁ%ﬁ{eﬁ d%mﬁfé%@cbﬁméﬂeg'&f ed from
[ 4. 5-ene, 8- dra

t he group consisting of 1,5-di azobicyclo[4.3.0]non- 1, zobi cycl o

[ 5. 4. 0] undec-7-en , i M : .

tri met hyl pr opanet fe;tléef,zafie”ug){i %’{ﬁg?’%?%’}é‘fﬂr‘]%@ g%’?% ﬁlg{hgge,ne §l-y8c§/lcdllr8?1ﬂé¥<lyl -3-(2-
nor phol onoet hyl ) - 2-.t hi our e 2 8-d%nethy|-6H,12H—5,11 20

met hanodi benzo[ b, fe]ﬂfei’,ag?gflat%eéi &1 - ani no- 4- pi perazi ne, 4-(3-

am nopr opyl ) nor phol i ne, 2-(am nophenyl)-6-net hyl benzot hi azol e,

tribenzyl amne, 1,1, 4, 7, 10, 10- hexanet hyl tri et hyl enet et r ami ne,

t hi onor pholine, 1,3-bis(3-pyridylnmethyl)-2-thiourea, 4,4" 33 11111111111
111111111111 11| | | The/compesitmy Qf&gm 1poThasimsaid solgent is propylene glycol
tetramet hyl enedi pi peridine, aniline, N-nethylaniline, NN-dinethylaniline,
o-t ol ui di ne, mt olmombnrethyl gtheredetriteli ne, 2, 4-1 uti di ne, quinoline,

i soqui nol ne,

12, The composition of claim 2, wherein said solvent is about 100 to 1000 parts
10 by weight per 100 parts by weight of polymer in the radiation sensitive

composition.

—
(98}

The composition of claim 2, further comprising a basic compound.

15 14, The composition of claim 13, wherein said basic compound is selected
from the group consisting of 1,5-diazobicyclo[4.3.0]non-5-ene, 1,8-
diazobicyclo[5.4.0Jundec-7-ene, 2,4,5-triphenylimidazole,
trimethylpropanetris(2-methyl-aziridinepropionate), 1-cyclohexyl-3-(2-
morpholonoethyl)-2-thiourea, 2,8-dimethyl-6H,12H-5,11-

20 methanodibenzo[b,f][1,5]diazocine, 1-amino-4-piperazine, 4-(3-
aminopropyl)morpholine, 2-(aminophenyl)-6-methylbenzothiazole,
tribenzylamine, 1,1,4,7,10,10-hexamethyltriethylenetetramine,

thiomorpholine, 1,3-bis(3-pyridylmethyl)-2-thiourea, 4,4”-

33
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formam de, N-nethyl-formam de, NN-di nethylformal nide, acetam de, N
nmet hyl - acet am de, NN-di net hhyl acet am de, 2-pyrrolidone, N

5
met hyl pyrrol";vgg%ss&lﬁ dazol e, a-picoline, P-picoline, y-pi %ﬁ%y!gﬁ}-

phenyl enedi am ne, 1, 3- phenyl ene-di am ne, 1, 4-phenyl enedi a
am no-4-ni trophenol , t&g&ﬂg,ﬁ' ] . . 2~ (P . | -4.6-
trichloronethyl-s-t rt? azin én%&?iﬂ@%%ﬁ#%g%\@e;ﬁg?gﬁ%iﬁgé %ﬂ@%&ﬂ#ﬁlgﬁlﬁrﬁé and
m xtures thereof. 1 .. The osi_t,i.on. of iim 13,. er.ei n, sai
conposi tion has a r%ft?sgndé?éjglég)?ué 1“%3"&%18@51‘5’ %’g'hi"cilbqet ﬁ‘é}gf\’,}%'“f” 15?98%?%: 5 to

: g . . . . 9 and
I s i s MRt
of said photoacid generator. 17. The conposition of claim 13, wherein said
basi ¢ compound is 1 mthydpesiapidePbNglinsthylajetrnids 2anaolidetehi d additive is
antipyrine, wherein said 20 conposition has a ratio of basic conpound to
additive of @bout 70medglpyt@liddiedmisienyiesi-gicadine @ picdlmep-Feolinay1,her conpri sing
a dissolution inhibitor. 34 11111111 12121122 1 | | | 112112111 111 14 S

W() 02/08834 PCT/ UShkriylsde@dmingdl3-Pheayleanpiotire] Ra-phénylhadidide, L ur t her
conprising: at |east one conponent selected fromthe group consisting of

surfactants,  adneslRio- AR, et Pk AGuARRNLB-caREBhendl)d, g1 Xt U €3
trichloromethyl-s-iriazine, 1,3,5-tribenzylhexahydro-1,3,5-triazine, and
mixtures thereof.
10

15.  The composition of claim 13, wherein said composition has a ratic of basic

compound to additive of about 95:5 to 30:70.

16.  The composition of claim 13, wherein said basic compound and said
15 additive are about 1 to 20 parts by weight per 100 parts by weight of said

photoacid generator.
17.  The composition of claim 13, wherein said basic compound is 1,5-
diazobicyclo[4.3.0]non-5-ene and said additive is antipyrine, wherein said

20 composition has a ratio of basic compound to additive of about 70:30.

18.  The composition of claim 2, further comprising a dissolution inhibitor.
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5 20. A process for formng a relief pattern, conprising the steps of: a)
coating on a substrate, the radiation sensitive conposition of claim 2,
form ng a woabggspubstrate; b) baking said coated substr akgiuséizhdyroew se
exposing said coated substrate to actinic radiation; 10 d) post exposure
baki ng sai d cldat ed’hssbmposition aficlabm 2cfuethatoethptigiager at ure; e) devel opi ng
said coated substrate with an aqueous devel oper, formng an inaged coated

substrate; t) ri nsﬁregstsmédotheﬁ@eﬁaedﬁdmwgb%ﬁé@mis@%fs%am,ng sai d

rinsed substrate, 15 21. The nethod of claim?2 wherein said radiation
sensitive conposi Lggion déhoels. BAIR ia%g,%’ d2351qGni - 22. The met hod
of claim 21, wherein lsozliliﬂé %asisb com%o nd ?% gﬁdgrg'?@g&%%ft he 20 group
consi sting of 1,5-diazobicyclo[4.3.0]non-5-ene, 1,8 diazobicyclo

[ 5.4.0]undec-7-ene, 2,4,5-triphenylimdazole,

trimet hyl propanetr, s(2-net hyl -.azi ri.di nepropi onat e -cycl ohexyl -3 -(2-
mor phol ondet Hyt ) - ﬁ?ff&?ﬁ%sa"?%ﬁ?fm&%@aeﬁlﬁt&aﬁ%nz E‘H‘Wf}!&g)é‘f‘ﬁée@@% LELLTL TET
[11Jl 1111211 1111 WD 02/ 08834 PCTI USOl / 13244 . .

met hanodi benz o[, PPN Kb¥ates the radiatipn sensitivsicompesitioneof clpim 3,

am nopropyl ) nor phol i ne, 2-(am nophenyl)-6-net hyl benzot hi azol e,
forming a coated substrate;

b) baking said coated substrate;
¢) imagewise exposing said coated substrate to actinic radiation;
10 d) post exposure baking said coated substrate at an elevated temperature;
c¢) developing said coated substrate with an aqueous developer, forming an
imaged coated substrate;

f) rinsing said imaged coated substrate; and

drying said rinsed substrate.
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The method of claim 20, wherein said radiation sensitive composition

further comprises a basic compound.

22.  The method of claim 21, wherein said basic compound is selected from the
20 group consisting of 1,5-diazobicyclo[4.3.0]non-5-ene, 1,8~
diazobicyclo[5.4.0Jundec-7-ene, 2,4,5-triphenylimidazole,
trimethylpropanetris(2-inethy1-aziridinepropionate), 1-cyclohexyl-3-(2-

morpholonoethyl)-2-thiourea, 2,8-dimethyl-6H,12H-5,11-
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tribenzylamne, 1,1,4,7,10,10-hexanethyltriethyl enetetram ne,
t hi onor phol i ne, 1, 3-bis(3-pyridylnmethyl)-2-thiourea, 4,4" 5

t et r amet hyl ridine, aniline, N-nmethylaniline, NN i ne,
Wb RHske e ni | HiByA A0

o-t ol ui di ne, ui di ne, p-toluidine, 2,4-|utidine, quinoli

I soqui nol i ne, forngﬁhgﬁombbﬁg&qugkgggﬁg%ﬁgFg@%%gﬂ%gghgwléyrnan1de

acetarnide, N nethyl-acetam de rrolidone, N
henyl enedt am ne. 1. ey RGBS, Ml Rl ERelieatatirge oo 0
i chi or omet hyl - ot FSgFgs %‘%f‘%?%ﬁﬂﬁﬁ Bereicrriorh ?ré?ty'r?aﬁi e, and
M xtures thereof. 3%rmo:fnm'plm11116:, 1,3-bis(3-pyridylmethyl)-2-thiourea, 4,4~
5 tetramethylenedipiperidine, aniline, N-methylaniline, N,N-dimethylaniline,
o-toluidine, m-toluidine, p-toluidine, 2,4-lutidine, quinoline, isoquinoline,
formamide, N-methyl-formamide, N,N-dimethylformamide, acetamide, N-
methyl-acetamide, N,N-dimethylacetamide, 2-pyrrolidone, N-
methylpyrrolidone imidazole, a-picoline, B-picoline, y-picoline, 1,2-
10 phenylenediamine, 1,3-phenylene-diamine, 1,4-phenylenediamine, 2-
amino-4-nitrophenol, and triazines such as 2-(p-chloro-phenyl)-4,6-
trichloromethyl-s-triazine, 1,3,5-tribenzylhexahydro-1,3,5-triazine, and

mixtures thereof,

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

36



