;e3e's.p,j66l T2 CHEM CAL AVPLI FI ED PHOTORESI ST COVPGOSI TI ONS BACKGROUND OF
THE | NVENTI ON *159159* 1. Field of the Invention The present invention
relates to a photo resist conposition, and particularly to a chem cal
anplified photoresist conposition including polyners, and to a nethod for
|'i thography to which the photoresist conposition is applied. 5 10 2.

Rel ated Pri cCHEMICAISAMPIGFIED PHOTORESISTCCOMPOSITERONSonduct or

i ndustries such that the nunber of integral layers on an integral circuit
nmust be mexi m zed. Therefore, narrower wire widths for |ithography are

requi red. To achieve better resolution, |ight sourc I 1 E”@/jiorter

wavel engt ; er nuneri CW ” mg are

appl i ed. E?%@%@W?Fﬁgmlgﬂgb& MVA- t BMA- % l Iobor nyl

met hacr yl.ate-nget hyl thacrylate -t-butyl nethacryl ate-"f¥tacrylic acid) is
reported kﬁﬁ@@%@sﬁ%@lqﬁém n systemfor ArF resist: 20v ~y . ,Z, OOO
O OH F‘e‘@ qﬁ)%@?&e@fﬁ%@%ﬁ%&@ﬁés @gﬁb&) fdsidt coipBsifiorpandnt ages, for

exanp | ow etch fesistance a ad adheSion due to the four nononer

conposi t igticdlaglyefars ehemibghamplified %gotbb@imgbbitﬁﬁﬁhﬁﬂud' i Sts is
eager to be devel oped. U.S. Patent . 6,271,412 and 6, 280, 8 and

Japanese pedyamers,Rartd teatmethodofor Aithdgeapttefo waneh the photmrdsiit f f er ent
monomers for synthesizing photosensitive polyners, ich can form
phot or esicompositiopdsiapiplied. and t hen be applied to seni conductor component

manuf acturi ng. The present invention provides a chem ified
phot or esi st conposition, which conprises a polyner g;mm%umg’n@m’@wtovel

| actone alicyclic unit. And the photoresist conprising r provide
10 wg0l - aIRelatedl Bribc et of et ching resistance and subst'F®%2* adhesi on.
SUMVARY OF THE | NVENTI ON An obj ect of the present invention is to provide a
cheni cal anpl i fhtegrahcirouidayeringiponidialim serhicomductamindatsties such

| i t hography processes and 15 can exhi bit, excellent resolution, picture

shar pnesdhahthepmambet of integral layarponan istggrel cocuitinust be anaximaizedt i on i s

b ocess, LeTERies TBEON GLIVEE iR BELPE I BPEAPRY REReaIEro | TRECHIEH: “sour e
and can QR bsSTition, Tight soufces with shorfbt Wavelen gy or exposre”' V-
15 systems with larger numerical apertures are applied.
Recently, a tetrapolymer iBMA-MMA-tBMA-MMA (poly
isobornyl methacrylate-methyl methacrylate -t-butyl
methacrylate-methacrylic acid) is reported to be a possible resin system for
ArF resist:
20
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For such polymers, there are still some disadvantages, for example, low
etch resistance and bad adhesion due to the four monomer composition.

Therefore, a new resin for the compositions of resists is eager to be



20 Accordingly, the chem cal anplified photoresist conposition includes a
pol ynmer: having repeated units of the fornmula (Il1), 2 (I'1) wherein R is
H, hal oal kyl group or Cl1-C4 al kyl group; R2 is hydroxyl group, Cl-C8 al koxy
group or Cl-Cg thioal kyl group; Gis (CH2)", Oor S, whereinnis 0, 1, 2,
3 or 4, Rcis a lactone group; and mis 1, 2 or 3. 5 The chem cal anplified
photoresildst on'%osi tion can further optionally include a photo-acid
generato eypﬁ@q *an aci d quencher, an additive, a solvent, etc. The

chem cal anpl iyfi egl i@ tp4 ntion can be
applied to gerg'lrsg? It ggf gb yl’%?g%glgséég,goéggg %lgk?fllg%u arll;ét%?to t he

process @hubiichtiokMRoo200N2426%7 havbiseloveeadifilieneomtaels Rt T esol uti on,

figures and photosensitivity can be achieved. Such processes are well known
by those sgkihdsésingplidtoseraitive s avhichosnforen phbteresiitat es to a

met hod for manufacturing sem conductor devices by Iithography, to which the
above5 cheompositions andithehibedappliddtesémicoamivetss compongntippl i ed, and
particularly for the exposure process with ArF, KrF or the like |ight

sour ce. DEMUfaEMIDESCRI PTI ON OF THE | NVENTI ON The chenical anplified

phot oresi st conposition of the present 20 invention, includes a pol yner

havi ng a repeadthaiptasent snveniion prowides aiohemignl amplified pbatargsisy f or med

t hrough a reacti.on ingvol ving a conpound of the follow formula (1), R~
O 2 -/ R Gopappsiony W COMPIEFCS; & PPLYTAEY %mmlngr%navgflaetom al kyl group;

R2 is hyd . , ACl- I . . C1-C8 thioal kyl . ; G
(G Sgyelic Uthi . st e Paotoresist GhtRpfisingnepoband Pitsiffe o oup: and

[ , 2 34...Thi ti b f b Lynerizati f
the Mo vl hanb EotERms hefindSeRRirsine Shsbin sBediRor e Vi ny)
nmononmers in the presence of catalysts. One of the nmethods for preparing the
formula (1) conpound is 10 shown bel ow,

SUMMARY OF THE INVENTION
An object of the present invention is to provide a chemical amplified

photoresist composition, which is suitable for lithography processes and
15 can exhibit excellent resolution, picture sharpness and photosensitivity.
Another object of the present invention is to provide a method for
manufacturing semiconductor devices by lithography process, which is
particular suitable for ArF, KrF or the like light source and can exhibit
excellent resolution, figures and photosensitivity.
20 Accordingly, the chemical amplified photoresist composition

includes a polymer having repeated units of the formula (II),

/R1 )
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4 0\ G+~000G-000G\OOOG-~-OOHOGOR2][ Dels-Alder ] Step
1] Reduction ] Step 2 Peroxide Step 3 H+ Step 4 OR~- Cl Step 5 OO R~ O\
G ~OR2 wherein R, R2 and G are defined as the above. In Step 1, a proper
di ene conpound such as butadiene, 5 10 cycl opentadi ene, furan and

t hi ophene, reacts with malefic anhydride to performthe D el s-Al der
reaction. Then, the acid anhydri de addu II? are reduced under the well -known
conditions in the second Step 2. Preferably reaction |s carried out using

etr Eﬁyé’%ﬁ%@%ﬁ” lﬂ%lga}gélﬁﬁe#@b?aoﬁ?gf&r%k?‘égﬂﬂ% i %*j’ﬁ’é”ﬁé"gﬁ?e%ond
In.S
E‘JZFSEBh.a'rBh"f@ag@n@ff@&ef' S g iy fd gl ghaer ok t@i)ﬁ,ﬁﬁa%f%"ﬁfh g
openi ng a |t|onr t|o e an CI ic environ nd, t hen obtaining a
‘Fﬁ%ﬁ@ %’e aPFPIQ up, apﬁgnwglr Yg i i
ng(r:?gylm th ( élﬁ ﬁ qr Hj(ﬂ )} g‘f{l b§’i¥f y Itgeg)ia\r/?t)lr\&e
esterification resu?l‘[hEl "f"ang Ilsnapf)ym%the cénpogrrlldwﬁwg formula (1) is

obt ai ned.g  pAhe neh pr esent

i nvention argﬁ%1 scr C!P'E)ed int egdggé&gre?%gfgp d(}f arr%%tegd)ﬁ@@ 8 %'I:ﬁreéﬁcorrpounds of
the for myqifive, £30veatpgacymeri zed or copol ymerized with other vinyl
nononmers to produce various polymers with or wthout the assistance of

catal ysts. ParThechaniyal avphified pliotepedistecormpositonl§Bthoprasenesses, the
vi nyl nononers preferably have no aryl group to enable the light to pass
t her et hr dnyéntiéelcan ter epplmeda tegenpral dithography provesses, andpetieutarRd is H,
hal oal kyl group, hal oal group or Cl-C4 alkyl group. R3 ~ R3 ~ R3 ~ R3 ~
R3 ~183 dodheprocess @bﬁ%d(:Fcordlechmlgm souxge;wherebwexeellant- R3 0 00 O
OOOOOOOOO—l R3 O O CH20H ~0 HO O R3 O O CO2H
resolution, figures and photosensitivity can be achieved. Such processes

are well known by those skilled in this art.

-

The present invention also relates to a method for manufacturing
semiconductor devices by lithography, to which the above chemically
15 amplified photoresist composition is applied, and particularly for the
exposure process with ArF, KrF or the like light source.

DETAILED DESCRIPTION OF THE INVENTION
The chemical amplified photoresist composition of the present

20 invention includes a polymer having a repeated unit of the formula (II),
which is essentially formed through a reaction involving a compound of the

following formula (1),



O0O-0~-000CH2 O~~-ONOOOOHO OS5 According to the conmpound of the
formula (1), the polynmer having a repeated unit of the formula (11) can be
synt hesi zed t hrough self polynerization or copol ynerization, O ~H ¢ (rn)
wherein R, R2, G Rc and mare defined as the above. The structure unit of
t he pol yner or copol yners pol ynerized or copol ynerized from conpound (1)

can be the following forrmula (111), 5RﬂormJIa(I\/) or formula (V), R 9 -r
~hOOQCCHI OO (IIl) " R R-0OT" "i ~O00C2H5 OO0 10 (IV) ghi O

O-~00CCH OOHOOI OO (V) 5Where|nR R and R' each
i ndependently is H, hal oal kyl group o hyl group. In the structure unit
of formula (111) a (1V) g+h+i =1,

nd re Rgeferabl y 9/ ( g+h+i)=0.01-0. 8,
8

h/ ( g+h+i)=0.01-0. i/( g+th+i)=0.0%0./8; in the structure unit of
formula (V) g+h+i +j =1, nore preferab 6 (g+th+i+) )=0.01-0 . 5, h/(g+h+i +]
)=0.01-0. 8, i/(g+h+i+j )=0. O 1-0. j— (g+h+i +j )=0.01-0. 8 . The above
pol yners can be used individually, o m xi ng with one or nore thereof.
The pol yner of the present invention/is preferably soluble in organic 10
sol vents, and has a gl ass transfer(ngﬁiggﬁure (Tg) ranging from50 to 220

@
wherein R' is H, haloalkyl group or C;-C, alkyl group; R? is hydroxyl
group, C,-Cs alkoxy group or C;-Cg thioalkyl group; G is (CH,),, O or S,
5 whereinnis 0, 1, 2, 3 or 4; Rc is a lactone group; and mis 1, 2 or 3.

This reaction can be performed by self-polymerization of the above
compound or copolymerizing the above compound with other vinyl
monomers in the presence of catalysts.

One of the methods for preparing the formula (I) compound is

10 shown below,



C, nol ecul ar wei ght ranging from 1,000 to 500,000, and degradation
tenperature (Td) greater than 80 C. The nethod of polynerization is not
restricted, and is preferably 15 done by m xi ng the above nononmers in the
exi stence of catalysts. The catal ysts can be those well known by one
skilled in this art, and preferably 2,2'-azo-bis-isobutyronitrile (A BN) or
di met hyl -2, 2' - azo- bi s@i sobutyrate radical initiator (V 601 ). The chemni ca
anplified photo resi c 0si ti0n, of the present 20 invention can further

i ncl ude afph o:@c' ngig?%?hegﬁkQ, an acid quencher, an additive or a
sol vent . bove o-acid generator is not restricted, but can generate
aci ds under ~ul travi ofet oot®®fer radiation sources, and be stable before
exposure. The preferr@®d photo-acid generators are as foll ows: g+ CF3SO3 S+
C4F9S~3 9 i\ S+ CgF17S~3 \ , \ OF3 S+ 03S\ / ~ S+ 03S\ \ ~OH3 I+ \ / ~
/| ~ 1+ CF3S03 I+ ©/ 08F17$03 / \ i" ~/ i\ /| ~+ S _03S O C4F9S03 03S O O

~/ \ ~ H30 8 _~ M+ \ ~ \[Redufck6Ag + CF3SQy _ O ~~5~ CF3S03 OH3 S+ CF3SCB O
O NOS02CF3 N\g s-o%—e—e—&e—»

Step 2
o) Peroxide
@://<O Step 3
0O H+
——
0 0 Step 4
0 0
0 1 1 O
R ca R \”)j\O
HO
2 o g R? .
R Step 5

wherein R', R? and G are defined as the above.
In Step 1, a proper diene compound such as butadiene,

5 cyclopentadiene, furan and thiophene, reacts with maleic anhydride to
perform the Diels-Alder reaction. Then, the acid anhydride adducts are
reduced under the well-known conditions in the second Step 2. Preferably
reaction is carried out using sodium boron hydride in dried polar solvent
such as dimethylformamide or tetrahydrofuran. In Step 3, peroxide is

10 provided to oxidize the double-bond compound into an epoxide. In Step 4,
the epoxide reacts with a proper nucleophilic reagent such as water, alcohol
and thiol, to perform a ring opening addition reaction under an acidic
environment and then obtaining a hydroxyl derivative can be obtained. In

Step 5, the hydroxyl derivative reacts with (alkyl)acryloyl chloride or



OO\ Il NOSI I OOOOFFO\ Il NOS~~FOOFFOO\ Il NOS ~
~CH3 OOOO\NOSOOOON O, etc. F3CGCSCGCSCF3 005 00\NOS-CF3
OOON Oor HBC~ ~ S CS ~ ~ CH3 O O The above phot o-acid generators can
be used individually, or by 10 15 m xing with one or nore thereof. The

phot o-acid generator is usually added at 0.1-20 parts per 100 parts of
resin i naepfleRt chistd@teperfobhesleifiéation resulfing iahard fakllgrhei fi ed

phot or esi st™ conposition of the present invention can further include acid

quencher compslindof thefotnidlas[pis obtaeed]. lﬂeeailnanmc@hnds foenchers are

t et rabut yl ammoni um hydr oxi de, tetrabutyl anmoniumlactate, tributylam ne,
trioctyl preparing thetompoard ofthe presgat (R-emtiomoargeddsoxipedtinytheanm ne,

N- (2, 3-di hydroxypropyl ) pi peri di ne, N-(2-hydroxyethyl)piperidine, norpholin,
N- ( 2- hy dpoefesrad/enbodiments, N- (2- hydr oxyet hyl ) pyrrol i di ne,

N ( 2- hydr oxyet hyl ) pi perazi ne, _etc. The acid quengcher is usually added at
0.001310 par t S hsegompoungs qfrtbe;fﬁmwl%ﬁ@a@ebrepa sneriged@rght , ~ and
preferably 0,01-1 Egrt, n The additive o{ thelg&gsent i nvention is not
restri ct é@pokynerizad ith othenkiny] THeRemEss (g Brodys e OuNBRRYBCEY

ot her 1 oat i orayitBaabirECasstilance B atithp: SaRtionsthR e Bhit (VS of e
Chon cal BRuEARBIRe 11 opCardkEsiet, ThESipatoRomers e bdabl Rt KB o "
compost tAbvLERur LSRRI LR 0 s RGN  BERY WrESoRET 0700l )
31 oy RO SRRMSRIEFOF iyt fldrcEhpie? Stichefh R P Bl ORI Brofhy Maloae] £ °"

et hyl acedrgiif.ordb ) enldl _ acetate, glycerol nethyl acetate),
ketoeste&% (e.q. %g%hyFyggg?ﬁgcetate, et hyl acetoacetate), al koxy
carboxyl ates (ethyl 2-ethoxyacetate, nethyl 3-nmethoxypropionate, ethyl

3- et hoxypropi onate, or nethyl ethoxypropionate), ketones (nethyl ethyl
ketone, methyl pepfyl  ketopd, acetylgfcetone RPcl gpent gfe, 15 cycRdhexone,

or 2-hepatone) oet he e.g. diagtetoal | et et her), t oal cohol s
(e.g. acetoal cohol or diacgtone ), Ic§hol e hqbs (e.y._glycolic butyl
et her or propyl en ycol | eth m des/(eYg. di | acet or

di met hyl formanid@®e), ethefs (e.g. fhenyl etRer or triktHylene dPycol

di met hyl ether) or m xtur thereqiﬂ\frefera ly, th ol chem cal
0O
OH
R® , R® R , R, R, R® ,
==:§==O ==4;==0 :==3==O ==:g==0 ===/>==O ===3==O
o o) (0] 0O 0] O
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20 anplified photoresist is n-octyl alcohol, propylene glycol nethyl ether
acetate, ethyl 3-ethoxypropionate, ethyl 2-ethoxyacetate, nethyl

3- met hoxypr opi onat e, net hyl et hoxypropi onate, nethyl ethyl ketone,

met hyl pentyl net hyl ketone, cycl opentanone, nethyl acetate, ethyl acetate,
glycolic butyl ether propylene glycol ethyl ether or mxture thereof. 25
The sol vent RS usually glded at 2,000 parts 2,100 s of resinin

wei ght, and/pr ef er'abl 00- 1,8 pa > The 'cal ifi photoresist
conposi tl::O:::n::</Of t he present inventiQ®n cgn be @y f

repar ed IN'st glssolving
t he pol yner Qhe solvERO and 12 then OFS t he otlher conponents

therein, orQby first dbssol ving the other conponents whi 2y e m xed

together previously inf the solvent and then dissolving t Dl yner t herein.
| mpurities he chey anplified photo resist conposirt¥on, for 5
exanpl e, n® and 2ns, should be mnimzed. Therefore, the

conponent s be puri previously, or the produced chem cal anplified
phot oresi s prposi ti s purified before using. In addition to the

traditional hogr aph rocesses, the chem cal anplified photoresist

‘-I he presgnt,,jnvention can be 10 particularly applied to the

193nm procesy. 2 n appryrhg the chem cal anplified photoresist

conmposi tig | ithograp or.med. The phot oresi st
conmposi ti g fi ps her ssubstrates by
spi nni ng, \SprAyi ng, N oI /i /e is then baked on a

15 thernoplate to renovg the solve ith masks to form
patterns. s ; v
an al kali sgbution, forexanple, @nmoni a
di met hyl am nomet hanol , tetranet hyl ni um hyd
pot assi um hydr oxi de, sodlun1carbo ax e, poggé i A
tri met hyl hydr oxyl et hyl anoni um hydr oxi de, The resohution, shape and
sensitivity of the chem cal anplified photoresist conposition of the
present inmention are good. Besides, the depth of focus, exposure border
and renov{ng phorder are excellent. 25 More detail ed exanples are used to
illustrate e present invention, and these exanples are used to explain
the pr eseventi on. The exanpl es bel ow, which are given sinply by way of
|Ilustratrrust not be taken to limt the scope of the invention. 13
DESCRI PTI ONGF THE PRESFERRED EMBODI MENTS Preparation Exanple |: Synthesis
of Monomer (I1-¥x00 O O

pum 20 hydr oxi de,

5 According to the compound of the formula (I), the polymer having a
repeated unit of the formula (II) can be synthesized through

self-polymerization or copolymerization,

AR
=,
.




OOHIiI Mthacryloyl chloride OO CH30H CHzZCI 2 / Et3N H3CO (I1-1) 5

8,.9- epoxy- 3-0x0-4-oxa-tricyclo[5.2.1.02" 6] decane (16.6 g) is dissolved in
met hanol (200 nmL), and then reacts with concentrated sulfuric acid (0.25
m.) to perfornresulting in a ring opening reaction. After the reaction is
conpleted, the solution is neutralized and concentrated in vacuum The

resi due was di ssolved in 200 nl of gY yl ene chloride and 10 10.2 g of
triethylamne. To this m xture below 15 C, 10.5 g of nethacryloyl chloride
was addesvlirein'RSeR/G, Re ald nearelefined asfthedbovieon, the sol ution was
agitated for 4 hours at roomtenperature, followed by conventi onal

extracti on an@heestmictyre Ginét of the polymemorecopolyauers polymerized oed by silica
gel colum chromat ogr aphy, yielding 18.4 15 of
9- et hoxyzopobnnenzegefmrm ngpopnd:(?)Lcmbe]the%ohgwmgyfomlq/(HI)e) (1-1) (
18.4 g), and the yield is of 69 % 1H NWR (CDC13, 300MHz) 8 5 .89 ( 1 H,
brs),55 fermula IV)omfarmula (M1 ( 1 H m, 3 .96 ( 1 H m, 3 .67-3 .57
(2H, m, 3.54 (3H, s), 2.79 L(J1H, m,2.57 (

m, 20 1.77-1.74 (44, m, 1.3 8 1 m.
165. 6, 136.0, 124.8, 84: :
17.8. 25 Preparation Exanpl e nonmer (I1-2) 14 OHOOH ~
acryl oyl chloride CH30H 1 27 Et 3NI(1%2) O

8, 9- epoxy- 3- 0x0- 4- oxa-tricycl o[ 5. 2. 10026] ded@ne (Q6H3 g) is 5 10 15 20

di ssol ved i n nethanol ( ), ffien reacks—<M th concentrated sul furic
acid (0.25 nlL) resulting to perfp @g ing reaction. After the
reaction is conpl eted, the sol uyik Jllgfd and concentrated in
vacuum The residue was dissolved in 200 nml o et hyl ene chl oride and 10. 2
g of triethylamne. To this m xture bel ow A5G, __20.5 g of nethacryl oyl

chl ori de was added dropw se. After the conpletﬁbn of addition, the solution
was agitated for 4 hours at roon1tengﬁr ture, followed by conventi onal
extraction and washing. The oily sub 4 ce collected was purified by silica
gel col um chromat ography, yielding 18.4 g of

9- net hoxy- 5- oxo-4-oxa-tricycl o[ 5.2.1. 026] dec-8-yl acrylate) (1-1) (18.9 g),
and the yield is of 75 % 1iNVR ( COQL3, 30qg+t, JinHz) 8 6.38 ( 1 H, dd,
J=17.4, 0.6), 6.11 (1 H, dd,| J=17.4,110.5), b.82 ( 1 H dd, J=10.5, 0.5 6),
5.01( 1 H brs), 4.17 1 H d J=5.6), 3.79 (1
H, dd, J=5.6, 2.7), 3.72 (3 2.81 (1 H m, 2.73 (1 H,

M, 2.56 (1H brs). 1.95 (&H, d, 9), 1.57% ég, J=10.9).
XCads 4 80.0 70.5, 51.6,

13C ~R(CDC13, 75MHz) 8 171] 9, 165.0,7130.7, R28.
46.7, 46.2, 40.8, 39.6, 32]9. Pre xti on Ex 3: Synthesis of Mononers

(1-3) 15 O H H+ acryloyl chlo
steps of Exanple 2, but replace tNh\ nitial ant 5 10 15

8, 9- epoxy- 3- 0x0- 4-oxa-tricycl o[ 5. 026] decghei s with

3, 4- epoxy- 7- 0x0- 8- oxa- bi cycl o[ 4. 3Qrfonane) ~e> epl ace nmet hanol with
anhydrous ethanol. The colorless oil product,
4-et@gxy-9-oxo-8-oxabicyclo[4.3.0]noqj§qyl acrylate (1-3), is then
obt ai ned.

, m, 2.55 (1H, m, 2.37 (1H,
C- NMR(CDC13, 75MHz) 8 171. 4,
45.7, 40.4, 39.1, 32.4,

(

R
¢ } { ) iﬁ(‘x
g h i
O
>0 % o ocH,
O o
HO 0
4\ A
V)



1H NVR (CDC13, 300MHz, J in Hz) 8 6.28 (1H, dd, J=17.4, 1.8), 5.99 (1H dd,
J=17.4; 10.6), 5.75 (1H, dd, J=10.6, 1.8), 4.91 ( 1 H, brs), 4.11 ( 1 H,
m, 3.85 ( 1H, m, 3.58 (1 H m, 3.44 ( 1 H m, 3.22( 1H m,
2.61-2.47 (2H, m, 2.25 ( 1 H m), 1.91-1.72 (2H, m, 1.09-0.97 (SH, .

13C- ~R(CDC13, 75MHz) 8 171.6, 164.7, 130.9, 128.0, 71.2, 70.8, 69.2, 63.8,
35. 7, 30heréhn R, I@’Qu'?d R¥%eath 1ﬁ%géﬁﬂéﬂﬂ’§‘ 1§Ha'ﬂ&|l@§£(§fl ér&g%?tmét‘h s of

Preparation Exanpl e 1, but replac e initial ants ahd sol vents

Wi th thoggeolipst ¢d the sfraeh@re/unit o \fbiaGld (IQI)FHIRI’(WZ)S%ahﬁiI shefe 16 Tabl e

A Initial” Reactant Sol vent Product Preparation ropanol Example 4 ~ ~ 0
0 0 o opreferab 1ok )=001c08)drbpehiHi ). 6xB| #( g+h1@D<0.61D.Q; O 1-s
Preparat|0n4 H20 ?HF E>)<a | e 6~§go HC};& Ol-ggPr;?aratlon4 Met hanol
Exanpl e Tn%hestruﬁtuﬂemmoﬂfoﬁnuta (lV)”giPhéwhﬁt,lmordEpmfptably Synt hesi s of

t he Pol yner of the Fornul ahé(ll-l) Tetrahydrofuran (20 nL), tert-butyl

net haﬁryl%(gﬂj‘ T+ Q0 1-065, hi(ghdriiyi)=0.Qtdh8nv/ (g HrkitH) )r0. Qlla@(S (4.69 g) and
9- met hoxy- 5 o-,4- 8X(i‘f1-r@iéy0| o[ 5.2.1.026] dec-8-yl nethacrylate (3.99 g) are
T

m xed |nJ/z£g 10 then an initiator

2,2 -azo-bis- i b ronitrile ﬁgé %ls added therein t erform
reaction at 6 a % Yacrs %‘E grised indhydpally, of By rakingw Chi ch
tetrahydrofuran ) is added is transferred into a container containing
hexane (ff H&KQ? te white precipitate. The precipitate is then dried by

for me‘: ?ﬁ f‘i’ﬂ‘“@% BTGt bF RE Hfeb i eitict i breFernty SoBRYK I yBpmid
randDt; ooVt hhe® digs? HhslS Toiriadirt (TETra inb P RESORIRA 201 1
) [9=0. 30, hnbtettiar wlight ralBind &% 1,000 to 500,000, and degradation

temperature (Td) greater than 80 °C.

The method of polymerization is not restricted, and is preferably
done by mixing the above monomers in the existence of catalysts. The
15 catalysts can be those well known by one skilled in this art, and preferably
2,2’-azo-bis-isobutyronitrile (AIBN) or dimethyl-2,2’-azo-bis-isobutyrate
radical initiator (V-601).
The chemical amplified photo resist composition of the present
invention can further include a photo-acid generator (PAG), an acid
20 quencher, an additive or a solvent.
The above photo-acid generator is not restricted, but can generate
acids under ultraviolet or other radiation sources, and be stable before

exposure. The preferred photo-acid generators ate as follows:

2 b
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Preparati on Exanple 9: Synthesis of the Polyner of the formula (11-2)
Tetrahydrofuran (20 nL), tert-butyl nethacrylate (2.13 g), 15 20
2- met hyl - 2- adamantyl methacrylate (4.69 g) and
4- et hoxy- 9- oxo- 8- oxabi cycl o[ 4. 3. 0] non- 3-yl nethacrylate (4.02 g) are m xed
in areactor. Next, an initiator 2,2 -azo-bis-isobutyronitrile (AIBN) ( 1.1
g) is added to _pt formreactlon at Q C overnight, and then tetrahydrofuran
(20 nm) is addg in. utionNs transferred into a
cont ai ner cont 3 ener 3 w ite precipitate. The

i n white powders (6.83 g),
i.e., th S OCIF d@r u s*(l1- wiX\h repeated units. The yield
is 63% wkght-a erage nol ecu ei ghiOs8 the @I yner neasured with GPCis
19, 200, and gl g8 gise (Tg) is 121 C 3 ~"~3 510 O~0O0
O Preparation @ (11-2) [g=0.30, h=0.40, i=0.30, Mw
19200] Repeat ¢ Exanple 1, but different nononers
are used for poI yrrerl zation and white poI ynmer powders, having the foll ow ng

formulae (I1-3 H3 CH3 Or ~~,-O O O OC2H5 ~~vyi
formula (11-3) : Mv 16200] 19’ LO09b t My~I
"0'0=i "0Ob'0=a = St— "0'0=i "0b'0=~1 "0'0=~~
(9-11) " ~i O . 0=~~ (S-I1) '"~in~o~ LOOGBIi My~I|
Y0 0=i 0¥ «SZ 3
CH,
O~ O~
CF3S0, C4F¢SO3
%—(i >—|*—< >——<—— ’
CgF17S03
038

‘Q ”3°§ )y
“)J:aso3 CFsSOy.
9
NOSO,CF, N—0-S~CF,
CF3803 0
0

10



OooOHOOOpPpOO! 4s HEH EHH OOHOOOO-O_ ~~ ~u, , s EH~ EH

O- Oi"WsH CH3 CH3 CH3 ---t-- ~i --.... OO0 off "i_O~OO-|OCH3
CH3 CH3 -.. r 9rr h--"~; ~p~p OOHfornula (11-8) [g=0.50, h=0. 10,
i =0. 40, MM10200] foz mna (I11-9) [g=0.50, h=0.10, i=0,40, MM9700] formula
(11-10) [g=0.50, h=0.10, i=0.40, MAF11600] 21 27 LOOSOT M.~I " SZ' 0=L
G-OI 0' 0=~1 "~ SO 0—~~~b|G||) | uu0-FLm_8-- O~ 0=t
0t' 0= 08 O=~~ ~I-11) =T h~ L006
0 N-O- s
N-0-%
o o}
%)
O b O b
Q Q
N—O—§—<C:j>—CH3 N—-0-§~CF;
o) 0
o) o)
, O N2 O or
o IhC—<::>~S—C—S—<::>—CH3
(0) II 1
C 0O O
N-0-$
0 o)
0

5
The above photo-acid generators can be used individually, or by
mixing with one or more thereof. The photo-acid generator is usually
added at 0.1-20 parts per 100 parts of resin in weight, and preferably 0.5-7
parts.
10 The chemical amplified photoresist composition of the present

invention can further include acid quencher to adjust the diffusion of acid.
The proper acid quenchers are tetrabutylammonium hydroxide,
tetrabutylammonium lactate, tributylamine, trioctylamine, triethanolamine,
tris[2-(2-methoxyethoxy)ethylJamine, N-(2,3-dihydroxypropyl)piperidine,

15 N-(2-hydroxyethyl)piperidine, morpholin, N-(2-hydroxyethyl)morpholin,
N-(2-hydroxyethyl)pyrrolidine, N-(2-hydroxyethyl)piperazine, etc. The
acid quencher is usually added at 0.001-10 parts per part of the photo-acid
generator in weight, and preferably 0.01-1 part.

n



“O-b'0=i ‘0i'0=a "0S' 0=~~ ~Z t -11) '~tnuuo~ LOOSI| Myll O-b' 0=i “OI' 0=~i
*0S' 0=~] ~1 t -1l) ~tnuz~o~- OOHO0O0O000Q (~4s HOOHOOHOOO
O s EHO EHO EHO H3 9000 ~0 ~0 OOC2Hs 0 OH3 C H3 O H3 CH3 =0 O =0
| OOOOOM OO- _Oformula (I1-15) [g=0.05, h=0.30, i=0.40, j=0.25, Mv
13300] formula (11-16) [g=0.05, h=0.30, i=0.40, j=0.25, Mv 12600] formula

(1'1-17) [9=0. Ofhe 8d@itB% of tHe pfesentthvéntionisHilGkstticted, and can be
optionally added or not. Proper amounts of sensitizers, dissolution
inhibitors, surfactants, stabilizers, dyes or other resins may be a good
additive to improve the characteristics of the photpresist composition.

5 There is no special limit to the solvent of the chemical amplified
photoresist compositions of the present invention. Preferably, the solvent
suitable for the chemical amplified photoresist compositions of the present
invention is higher alcohol (e.g. n-octanol), glycolic acid and its derivatives
(e.g. methyl lactate, ethyl lactate and ethyl glycolate), glycolic ether and its

10  derivatives (e.g. glycolic ethyl acetate, glycolic methyl acetate, glycerol
methyl acetate), ketoesters (e.g. methyl acetoacetate, ethyl acetoacetate),
alkoxy carboxylates (ethyl 2-ethoxyacetate, methyl 3-methoxypropionate,
ethyl 3-ethoxypropionate, or methyl ethoxypropionate), ketones (methyl
ethyl ketone, methyl pentyl ketone, acetylacetone cyclopentone,

15 cyclohexone, or 2-hepatone) ketoethers (e.g. diacetoalcohol methyl ether),
ketoalcohols (e.g. acetoalcohol or diacetone ), alcohol ethers (e.g. glycolic
butyl ether or propylene glycol ethyl ether)amides (e.g. dimethylacetamide
or dimethyl formamide), ethers (e.g. phenyl ether or triethylene glycol
dimethy] ether) or mixture thereof. Preferably, the solvent of the chemical

20 amplified photoresist is n-octyl alcohol, propylene glycol methyl ether
acetate, ethyl 3-ethoxypropionate, ethyl 2-ethoxyacetate, methyl
3-methoxypropionate, methylethoxypropionate, methyl ethyl ketone,
methylpentylmethyl ketone, cyclopentanone, methyl acetate, ethyl acetate,
glycolic butyl ether propylene glycol ethyl ether or mixture thereof.

25 The solvent is usually added at 200-2,000 parts per 100 parts of resin
in weight, and preferably 400-1,000 parts.

The chemical amplified photoresist composition of the present

invention can be prepared by first dissolving the polymer in the solvent and

12



M3 CH3 CFi3 g -~" ~nh 0
j =0. 25, Mwv 11100] formula (I

H3 Oh O~0 O, O formul
24 LOO6t My~t Q' O=~ ° Sb' 0=T "0~'0=~i ~SO O=~~ ~~Z-11) ' ~i nuuo~

11700]
10800]

O~ ormula (I11-18) [g=0.05, h=0.30, i=0.40,
=0. 05, h=0.30, i=0.40, j=0.25, Mwv
0

20) [g=0.05, h=0.40, i=0.30, j=0.25, My

0 ,OHf
1-19) [g
a(II-

LOOSQ: WY1l SZ' 0=~ "0'0=i O~'"0=a SO 0=~~ ~Z-11) ~in~o~ L0066 My~ " SZ' 0=~

TOE O=i

tRen Gts%olﬁﬁg%E' othéZcbiﬁpondnTsﬂferéﬁpQﬁ H‘ﬁlﬁkstﬁﬁs&ﬂvm k&i Q' 0=a

"S0'0=~ ~t Z-Il) ~In~0o~ sz 0 0'eH~O O O ~Hz' JO'0 O O-~ O~m-~s H

10

15

20

25

other components which are mixed together previously in the solvent and
then dissolving the polymer therein.

Impurities in the chemical amplified photo resist composition, for
example, metals and halogens, should be minimized. Therefore, the
components can be purified previously, or the produced chemical amplified
photoresist composition is purified before using.

In addition to the traditional lithography processes, the chemical
amplified photoresist composition of the present invention can be
particularly applied to the 193nm process.

When applying the chemical amplified photoresist composition,
lithography general procedures are performed. The photoresist
composition is first spread on silicon substrates or other substrates by
spinning, spraying, rolling, etc. Usually, the substrate is then baked on a
thermoplate to remove the solvent and then exposed with masks to form
patterns.

The development solutions for the exposed resist coating can be an
alkali solution, for example, ammonia, triethylamine,
dimethylaminomethanol, tetramethylammonium hydroxide, sodium
hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate,
trimethylhydroxylethylamonium hydroxide, etc.

The resolution, shape and sensitivity of the chemical amplified
photoresist composition of the present invention are good. Besides, the

depth of focus, exposure border and removing border are excellent.

More detailed examples are used to illustrate the present invention,
and these examples are used to explain the present invention. The
examples below, which are given simply by way of illustration, must not be

taken to limit the scope of the invention.
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formula (11-25) [g=0.05, h=0.40, i=0.45, j=0.10, Mw 12600] fornula (II-26)

[ 3=0. 05, h=0.40, i=0.45, j=0.10, Mwv 13400] forrmula (11-27) [g=0.05, h=0. 40,
i =D. 45, j= 0.10, Mw 11700] Exanple 1: Preparing the Photoresist Conposition
The pol yner of the forrmula (I1-1) (2 g) obtained from Preparati on Exanpl e
8, triphenyl sul fonium perfluoro-1-butanesul fonate (TPS-PFBS) 5 (0.05 ),
tert-butyl cholate (TBC) (0.06 g), propylene glycol nononethyl 26

et her acetate (PGVEA) ( 10.4 g) and N-(hydroxy nethyl)piperidine (0.5 np)
are nm xeBBORIPTAONDFTHEPRESFERRBD EMBODIMENTS er. The filtrate is
then spread on a piece of dry silicon by spinning to forma thin film The
thin fil Brepatatiem ExamplatlzISémthbsﬁsnfMonenmrc(i-]t obtain a 5 317.6 nm
thick film Next, the filmis exposed under a DWIigh
wavel engt h and 10-35 nmj/cnR, and then baked on a ther
90 seconds. he filmis developed with tetr

source with 193 nm

ammoni ; hydr oxi de

S g s se-\at er, 10
e exmﬁ'area—s‘gﬁWure f resg on ©@f 0.15 ~m
sfvation of Scanning &l e f & M cr oscepEpo(SEM” Exanpl es

under therob
2-16: Preparing the Photoresist Conpositions Repeat procedures of Exanple
a, but the polyner is replaced with 15 those obtai ned fr@)Preparation
Exanpl es 9-15, 21-27 and 31. Table B shows the results. Table B Exanple
Pol ynBr Thi ckne%9-epfoxy+d-oxo0-4-oxa-tricyclo[5.2.1.0""]decane (16.6 g) is
dissolved in methanol (200 mL), and then reacts with concentrated sulfuric
acid (0.25 mL) to performresulting in a ring opening reaction. After the
reaction is completed, the solution is neutralized and concentrated in
vacuum. The residue was dissolved in 200 ml of methylene chloride and
10 10.2 g of triethylamine. To this mixture below 15 °C, 10.5 g of
methacryloyl chloride was added dropwise. After the completion of
addition, the solution was agitated for 4 hours at room temperature,
followed by conventional extraction and washing. The oily substance
collected was purified by silica gel column chromatography, yielding 18.4
15 g of 9-methoxy-5-0x0-4-oxa-tricyclo[5.2.1 .0*%1dec-8-yl methacrylate) (I-1)
(18.4 g), and the yield is 0of 69 %.
'H-NMR (CDCl, 300MHz)
3 5.89 (1H, brs), 5.37 (1H, brs), 4.81 (1H, m), 3.96 (1H, m), 3.67-3.57 (2H,
m), 3.54 (3H, s), 2.79 (1H, m), 2.57 (1H, m), 2.55 (1H, m), 2.37 (1H, m),
20 1.77-1.74 (4H, m), 1.38 (1H, m).
BC.NMR(CDCl;, 75MHz)
8 171.4,165.6, 136.0, 124.8, 84.9, 79.5, 70.0, 51.0, 46.1, 45.7, 40.4, 39.1,

324,178.

25 Preparation Example 2: Synthesis of Monomer (I-2)

14



I m.(nm Resolution (gym Exanple 2(11-2)317.80. 18Exanpl e
(11-3)326.00. 18Exanpl e 4(11-4)298.50. 15Exanpl e 5(11-5)278. 80. 15Exanpl e
(11-6)321.00. 15Exanpl e 7(11-7)306. 80. 18Exanpl e 8(11-8)304.50. 15Exanpl e
(11-14)320.70.20 27 Exanple 10(I1-15 )3 34.90. 20Exanpl e

1(11-16)310. 20. 15Exanpl e 12(11-17)296. 60. 15Exanpl e
13(11-18)275. 80. 15Exanpl e 14(11-19) 330.50. 18Exanpl e O
15(11-20)309. 70. 15 anple 16(11-24)318.50.20 Ac rd| gI Y, these @hemi cal
anplified phetteresdst co sitions of th esen
successf uh ‘F i e to_gEE_e_Lai Jﬁfﬂaﬂﬂ.@&i&e&w
the ArF, KrY Z |i keCHgOtess ¢p, th/gthS superi or res lony,” picture
sharpness and photosensitivity. From the foregoing HgsQr i ptTon, one skilled
in the art can easily ascertain the essential characteristics of this
I nvention, and without departing fromthe scope t her eof (I®an nmke vari ous

2nd Sondit 1 ons B EPPRYCS-CXGroRaraGlels . b ldesaned 16 ek Te ol ai o 28
e 2 B A PE MR e SR S
e cfw&ém}ié&@)grﬁaufénzﬁgf %‘érmﬁpo%% SifsniflE FeRetidh, AMCEEY
The cBmodehEtion idpofimiéied, e sfuich B pARkARREHRY ?"fr@%}ﬁfﬁ‘?eﬁé éroﬁpf’rf’ The
cormposi ¢ i TR hsicH gk i e 260%96?1‘13{#@1&%% o KXY

group, oal kyl e conposition o ere| n sald mis

1. 5. Th ai ? nis 0, 1 15 or
2 6 Thﬂ‘ﬁgﬁﬂﬁﬁ?%ﬁlﬁ ‘*‘% 2 Tojhi %‘2’5‘2‘?%"?5?‘3 B1C FRef 7150

COWDOSIt'rﬁétlfﬁcr?lo@*l@hlon&@%@dﬁd&e’ﬂdr ﬁseer Aﬂérﬂi’e?cé @ti\bﬁl@)ff ormula (I1I-
1), (II- ), (I'1- 4, (Il- 6), or (I 7).

add1t10n the solution was agitated for 4 hours at room temperature

F
3¢
6(11
o(lIl
11(1

larly to

10 followed by conventional extraction and washing. The oily substance
collected was purified by silica gel column chromatography, yielding 18.4
g of 9-methoxy-5-ox0-4-oxa-tricyclo[5.2.1.0>%]dec-8-yl acrylate) (I-1)
(18.9 g), and the yield is of 75 %.
'H-NMR (CDCl3;, 300MHz, J in Hz)

15 &86.38(1H, dd, J=17.4, 0.6), 6.11 (1H, dd, J=17.4, 10.5), 5.82 (1H, dd,
J=10.5, 0.56), 5.01 (1H, brs), 4.17 (1H, d, J=5.0), 3.86 (1H, d, J=5.6), 3.79
(1H, dd, J=5.6, 2.7), 3.72 (3H, s), 2.95 (1H, m), 2.81 (1H, m), 2.73 (1H, m),
2.56 (1H, brs), 1.95 (1H, d, J=10.9), 1.57 (1H, d, J=10.9).

13c.NMR(CDCl3, 75MHz)

20 38171.9,165.0,130.7, 128.6, 85.4, 80.0, 70.5, 51.6, 46.7, 46.2, 40.8, 39.6,
32.9.

Preparation Example 3: Synthesis of Monomers (I-3)

15



H3 CH3 =O 03 9 O3 ~0o 0 CCH3 formula (Il- 1) p OO QCC2H formula (Il- 2) p
p3LHBCH3 g~h~~0~-0O00I13CH3i OOHS5 formula (I1- 3) fornula
(rr- 4y 30 H3 9 -~~hO~-000SOOw~g ~~h ~-- 1 /iO~-OOOO™H
OO0 CHBCH3 CH3 O~ ~Or- ~i OOOCH3 -O OQ wherein g+h+i=1. formula
(rr-5) formula (11- 6) formula (I11- 7) 8. The polyner of claim1, wherein
g/ (g+h+i) ranges from0.01 to 0.8, h/(g+h+i) range® fromO0.0l to 0.8, and
i/ (g+h+i) ranges fpom 0.01 to 0.8. 31 The CQIPos tion of claDm 1, wherein
sai d polynmer has t/he followng fornula (11- 8), | -CR), AJ1-/410), (II-
11), (|||- 137 CH3 &#iglogHthlode-- ~hl|[~ oo OCH3 OwO- .
CH3 CH3 &g - O H #5 Ow CH3 dH3 G ~h o~ o~
! CZ]-I5OH UCszTzI / Lé'|f3 CZH50 !
(I-3)

Repeat steps of Example 2, but replace the initial reactant
8,9-epoxy-3-oxo0-4-oxa-tricyclo[5.2.1 .0*%]decaneis with
3,4-epoxy-7-0x0-8-0xa-bicyclo[4.3.0]nonane, and replace methanol with

5 anhydrous ethanol. The colorless oil product, 4-ethoxy-9-oxo-8-oxa-

bicyclo[4.3.0]non-3-yl acrylate (I-3), is then obtained.
'H-NMR (CDCls, 300MHz, J in Hz)
8 6.28 (1H, dd, J=17.4, 1.8), 5.99 (1H, dd, J=17.4, 10.6), 5.75 (1H, dd,
J=10.6, 1.8), 4.91 (1H, brs), 4.11 (1H, m), 3.85 (1H, m), 3.58 (1H, m), 3.44

10 (1H, m), 3.22 (1H, m), 2.61-2.47 (2H, m), 2.25 (1H, m), 1.91-1.72 (2H, m),
1.09-0.97 (SH, m).
13c.NMR(CDCl3, 75MHz)
8 171.6,164.7, 130.9, 128.0, 71.2, 70.8, 69.2, 63.8, 35.7, 30.3, 25.1, 20.7,
14.9.

15
Preparation Examples 4-7

Repeat steps of Preparation Example 1, but replace the initial
reactants and solvents with those listed in Table A, in which the products
are listed.

20

25
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0 ~0L-. OCHformula (Il- 8) formula (I1- 9) formula (11- 10) 32 CH3
CHBCH3i 8Ti h~-~ O~0OrLOO ™ fornmula (I'l- 11 ) formula (Il1- 12)
CH3 CH3 CH3 " 9 ~~O~-OO0O O OH OOCH3 forrmula (Il1- 13) O O O wherein
g+h+i=1. 10. The polyner of claim9, wherein g/(g+h+i) ranges fromO0.01 to
0.8, h/(g+h+i) ranges fromO0.01 to 0.5, and i/(g+h+i) ranges fromO0.01 to
0.8. 11. Tddegonposition of claim1l, wherein said polynmer has the 5

followng formula (I11- 14), (11- 15), (I1I1- 16). (I1I1- 17), (I11- 18), or (II-
19): 33 H3 CH3 [Fmtigl'Reattant lveatnul a (I'1{Pdddudt! H3 CH3 CH3 9 T rh
r-ri =0 ~0~-0 0 O CH3 CH3 CH3 rh Tr, ~1]10~0~0~00forjmula (I1-
16) O S {Rrepatatiqd |- 17) O 3 2-Propanol zgz
Example 4 — o)
P o) o) o G
o O
-4

Preparation Cyclohexanethiol

Example 5

O :é:
O(D:/(o ﬂ“s S 0
Eog ~0
I-5
Preparation O  |H,0, THF =§:
Example 6 0
P O@do HO O
0O
B8

Preparation Methanol

Example 7
HiCQ O

-7

Preparation Example 8: Synthesis of the Polymer of the Formula (II-1)
Tetrahydrofuran (20 mL), tert-butyl methacrylate (2.13 g),

17



SHHTO~-0O0OOCH ~h O~-OO0OvVv formula (Il- 18) fornula (I1- 19)
wherei'n g+h+i +j=1. 12. The polynmer of claim1ll, wherein g/ (g+h+i +j) ranges
from0.01 to 0.5, h/(g+h+i+j) ranges fromO0.01 to 0.8, i/(g+h+i +j) ranges
fromO0.01 to 0.8, and j/(g+h+i+j) ranges fromO0.01 to 0.8. 13. The
conposition of claim1, wherein said polyner has the followng formula (I1I-

3 ng 'h'zi‘?‘*‘%%’y}é”gdgf?%" S o sl e 20 T o Qe formia
(11- 21 Yripyclo(5.231.0A3]deds8 Gliangthacrylate-(3.99g) ar® mixqd m Oréacior, and

then an initiator 2,2’-azo-bis-isobutyronitrile (AIBN) (1.1 g) is added

therein to perform reaction at 65 °C.  After the reaction is completed, the

5 solution to which tetrahydrofuran (20 mL) is added is transferred into a

container containing hexane (1L) to generate white precipitate. The

precipitate is then dried by filtration to obtain white powders (8.43 g), i.e.,

the polymer of the formula (II-1) with repeated units. The yield is 78%.

Weight-average molecular weight of the polymer measured with GPC is

10 14,100, and glass transition temperature (Tg) is 169 °C.

CHj CH; CH,
g h i
? 0 D OCH, formula (1I-1)
/’\ @ [2=0.30, h=0.40, i=0.30,

M,~=14100]

Preparation Example 9: Synthesis of the Polymer of the formula (1I-2)
Tetrahydrofuran (20 mL), tert-butyl methacrylate (2.13 g),

15  2-methyl-2-adamantyl methacrylate (4.69 g) and 4-ethoxy-9-oxo-8-oxa-
bicyclo[4.3.0Jnon-3-yl methacrylate (4.02 g) are mixed in a reactor. Next,
an initiator 2,2'-azo-bis-isobutyronitrile (AIBN) (1.1 g) is added to perform
reaction at 70 °C overnight, and then tetrahydrofuran (20 mL) is added
therein. Next, the solution is transferred into a container containing

20 hexane (1L) to generate white precipitate. The precipitate is then dried by
filtration to obtain white powders (6.83 g), i.e., the polymer of the formula

18



HCEBCHBCBg~ ~h~ ~, -r-y-00~-0~000Ofornmula (Il- 22)
formula (I1- 23) 36 wherei n g+h+i +j=1. 14. The polynmer of claim 13,
wherein g/ (g+h+i +j) ranges from0.01 to 0.5, h/(g+h+i +j) ranges fromO0. 01
to 0.8, i/(g+th+i+j) ranges from0.01 to 0.8, and j/(g+h+i +j) ranges from
0.01 to 0.8. 15. The conposition of claim1, wherein said polyner has the

f0| ! OW ngIILE’) Wiﬂﬂrdﬁdatec?—ﬁhﬂs(' rThe2 1d {4 63% &¥ei 't-a(vbka%@ﬁioleﬁrﬁrg hi O
Op fornmula (I O Ow formu (rr- 25) 37 h n~ ~~ O

~0 ~0 HOw@1 htofthe ?olymerniéasaémmm i1 9,200, anﬂ@laﬁ@tmmbmc(n |- 27)
wher ein g+h+| +j = 6. The polyner of claim 15 wher ei n g/ (g+h+i +j) ranges
from 0. Oiempeﬁatﬁre (ng);ﬂshlejC ranges fromO0.01 to 0.8, i/(g+h+i +j) ranges
fromO0.0l to 0.8, and j/(g+h+i+j) ranges fromO0.01 to 0.8. 17. The
conposition of claim1, wherein said polyner is soluble in organic
solvents, and has a gl ass transfer tenperature ranging from50 to 220 C, a
mol ecul ar veGyht randitg fro@Hg 000 to 500,000, and a degradation

further c generator (PAG having one of t he

follow ng f ; .. 38 \ S+ CF3sX3
0 0o 0 OC,Hs formula (I1-2)
/',\ [g=0.30, h=0.40, i=0.30,
M,=19200]
o) 0 '
5
Preparation Examples 10-34
Repeat procedures of Preparation Example 1, but different
monomers are used for polymerization and white polymer powders, having
the following formulae (II-3)-(II-27), can be obtained.
10
CH, CH;, CH,
0 0 Lo

0O OC,Hs formula (II-3)

0]
/i\ @/ [g=0.30, h=0.40, 1=0.30,
M,=16200]

19



$+ CgF17S03_ / / CF3 S+ 03S\ / S+ CAFgs~3 S _03S O/ S+ -03S\ / / | CH3

I+ ~/"'" ~~1+\ /" C3S03 I+ ~~"'" QF~~S03 OS+/ ~\ "~ _\ |/ CF3SX
CAF9S03 03Ss O/ \ i' ~/ \ /| CF3S03 ~\~/ $ "~ 39 H3C S+ CF3SB O 5 CH3 S+
CF3SG3 OO v NOSO2CF3 O OOV n NOSii OOOOO\NOS-CF3OOOFFO
vnNOS~~FOOFFOO~OO\NOS~~CH3 ~\NOS-CF30~00O00O0
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19. Th 0 sityo f clai 8, wherein said photo-acid generator is added
at 0.1-20 p %s er |100 Parf{siof resin in weight.

> 0-< formula (11-4)
/‘\ @ [g=0.30, h=0.40, i=0.30,

@)
o
@]
Te

M,~18700]
0" ™o
CH3 CH3 CH3
g h i
0 0 o
D 0 Q S formula (1I-5)
/i\ @/ —R [g=0.30, h=0.40, i=0.30,
M,~=17300]
0" ™o
CH3 CH3 CH3
g h i
0 =0 o
7 0 > Q OH formula (II-6)
/i\ @ [2=0.30, h=0.40, i=0.30,
=15400]
0™ ™o

formula (I1-7)

/f\ [£=0.30, h=0.40, i=0.30,
M,=14600]
0
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20. The conposition of claim11, which further conprises an acid 10
quencher, said acid quencher is tetrabutyl ammoni um hydr oxi de,
tetrabutyl amoni um | actate, tributylam ne, trioc~ylanm ne, triethanol am ne,
tris[2-(2-nethoxyethoxy)ethyl]amne, N-(2,3-dihydroxypropyl)piperidine,

N- ( 2- hydr oxyet hyl ) pi peri di ne, norpholin, N-(2-hydroxyethyl)norpholin,
N-(2-hydroxyethy3m§yrrol' i ne, or N-(2-hydroxyethyl)pi perazine. 40 21.
The conposidtjon/of* cl ai , mhexﬁgn said acid quencher is added at
0.001-10 parts peéF T ai d/phot o-acid generator. 22. A nethod for the
it hography of b e wherein the conposition as clainmed in
claiml1l is useyas a chemtal S=agplified photoresist. 23. The nethod of

bhy compri sing an exposure step using a
AL OCHke
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cabx ]ca] ca

WEXXXXDYWY Y YZZI[[[ANN]TH ]]]] $M XN AAAT U "} xsnid_Zca]]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
ajcajca! i 3aba7a;

aBaEaGaKaNacaTarraaaaaaaaaaaaaaaa| woj b] X} xsni d_Zca] ca] caD] ca] cabh] ca] ca] ca] c
aU] ca] ca] ca] cal] ca] ca] ca] ca] c$a] cal] ca] ca] ca] ca] ca] caD9] ca] ca] ca] ca]ca] ca]c
aaaaaabbKbTbebubbbb c%+cdcccccccdd” d2d;

d@Pd" dqdt d>Hs oj e [Ghd3 ca] c&bidg] ca] 6&!]3C$a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
ca] ca] ca} callcal cal cal calcalmal cal oY) caU] ca] caU] ca! t dudydddddddddddddddeeeZ
eeeedf <f =f >f ' Cf fJf 20 me" [ ! t 0)'e | Vic] ca] ca] caD] ca] caD4a] ca] ca] ca] ca] ca] ca]
calcalc 4"6{ cay QU] cay Q] ca] ¢=lxa] ca] ca]ca]caV]ca] ca]caD] caJf[flfnfff
fIEFffff ffffff@f fggggag|awn | f a\ VBU] ca@t?q%ca] cal] cal] ca] ca] ca] ca] ca] caD>]
ca] caD7] ca] caD] c abD@ ca] cH] ca] caj caf caf cba] caV] ca] ca] ca] ca] ca] cagg*g;

ghhhhhhhhhhhhhhhhlphhhhh 1 ~iii} /\YTc] a! ca]ﬁlzﬁcigéca] cal] calU] ca] ca] caU
T T T kk ke k. Kok akk<rBria KOk TR Kbk N rerbend cal cal
NN * akc cajca
cal caJUJ] Jcja] cal] ca] caU] ca] ¢ ca] ca g@t ay cal;?c-ﬁ(m_g% é] @a‘]ﬁra]:bgf]c’a] cajc
a) ca] caD@ ca] caD<] ca Yhnngi&n( n< m@ﬂ(@n{ nnnnnnnn} xsni d_ZTcU]
ca] ca] ca] c$a] ca] ca] ca] c*a] ca] ca] c$a] ca] ca] ca] ¢a]'cal| ca] cal] ca] ca] ca] cal] ca]
ca] caDH| ca] caDP] ca] cal] ca] ca] ca . _ _
nnnnnnnnnooo0o60\ omboo5pupxpqqgr Srrrr+s] s s}xsni }xsni d_ZTcU] ca] ca] ca] c$a] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] caCH], OQaBS§H:IQ%& ()CHsssleH@ ()-! ssmO%& ()-ssnl0%
& () - SL1pY& LOYR -Q L @#O(V' Sy F109&' ()-& 109 ()-f 109 () -
%' ()-)Va , i& (V) - | H 0%&' *

( QlO%& (36| }~ Cl(g)S 10%& ()- s10%& ()- 10 10

& Eb 8Y<& ()- s10%& ()-
FP C@Eb 1 9l Il)ilgoeﬂ& ()- I(1)0%<ZL ()- 0
& ()-[g=0.05bR=0IBDSL040, 0.2,
10%& ()- (10%& () (0)- #10%& (0)- I&I eF!’ 0%{& (0)-
S@O0% & () - Y&LO% & ()- "<& (M meas& ()- YdEeF!
10% & ()- s10% & ()- 0\& ()- FL0% & ()- S310% & () - 10%{&'()-
Y%0& dEeF! 39! 10% & () ' & ()- 10% & ()- 10% & ()
10%{&() QJIE: / 10( 10(. 10%{&() , 10% & () - +!10%{&'()- ,)10% & () -

109%&' () - (1098 ) - &
10Y: 109HO - | 810
10%<& () - S1095&

“yL10%<&' () - 3109

' @O% & ()-# 10% & ()- “oPl/ , 10%& ()- 10% & ()-
10% & ()-! @TlO%{(& () | y9T10%(Y& () -! mOT10%)q& () - 10(7vdE1/ ., 10%
"y10% & () -GH; 10% & 1008 () - CBRE& () -4 10% & ()- FL0% & ()- {Y7

! tlo%\%l(}twjg'\v‘@ﬁ@() 1 s&10%& ()- 10( 10(
g
HO -

S formula (II-17)
‘R [g=0.05, h=0.30, i=0.40, j=0.25,
M,,=9500]
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10(=s10% & ()- "9 mzX6{Y7
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~WX9{ Y7 !'s’ 109%& ()- YA0%& ()-F!' Cf 100& ()-!.f 10%& ()-!f
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“()-" S  +@ O ()
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L0G 1OGs Oty
Il's 10%m®& ()-!{s 100/&(00/&() fl&() szloo/é‘() si 0/2)2(5)}[
}[< =11 OYL0% ()-! OY10%~()-!'n0 O oULM 11Y000%& () -
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CHs CH, CH, CH;
g h i J'
0 0]

HO OCH,

Q 0
/’\ formula (II-19)
[g=0.05, h=0.30, i=0.40, j=0.25,
M,~11700]

CH, CH, CH;  CH,

9 i j

OCH;,
/i\ formula (11-20)
[g=0.05, h=0.40, i=0.30, j=0.25,

M,~10800]

HO

24



| OY10% ()-KNdE~_@!! @ 109%<& ()- @0%& ()- " L10%& ()- |
10%<& () -  910%& ()- " 9f 10% & ()- DG? ~ dE~ @!!s&I0%& ()- 10%& ()-
10%<& ()- 109%& ()- 10%& ()- 10%& ()- ~ ,'ulldE~ @!'!F1109%& () -

1 10%<& ()- s-10%<& ()- *10%<& ()- (10%& ()-4* 10%& ()-!11111111{Y7 119G
L0%s& () | HOG 10% ()- 10< 10< 10<>S10%& ()-!310% <

<& ()- IC]’-}’9:<& ()GH-I;;' cmg«s{ Y7CHL0%RXRE! ()- 10%& () -
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"1 109g&' () APPQ rn F( . 109 @ @ 1. 10%e& 11 OF
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109& 10g 109l 10g=10%g& & &. 10%388 Y7 1>9
10%;<<(&')()-!q8 10%€ g() IQg Y Q ?Z)%& (8=0.0, ﬁf@q@,@fﬂ 3@,9—9@5@,
& () -1 @Ybs?00)) -1 9

" HHAHA HWA{ YT 11 .3 10% "
@10%: x& ()-!: @10‘V¢<& |
109& ()-!#. #J#N#P#T#c#z X6 { <<& ()-!. B

CHy,  CHy Gy  CH,
L g X
" /T\ ? Q O—< formula (II-22)
@ [£=0.05, h=0.40, i=0.30, j=0.25,
M,=9900]
"o
CHy CHs CH; CH,
P U U
" )c[)\ 0 8 formula (11-23)
@ —R [2=0.05, h=0.40, i=0.30, j=0.25,
M,=10500]
0o
CHg
7N {7 Vn ] g y\\ao(/l;)g‘ formula (11-24)
%O %‘0 ° OCHs  [g=0.05, h=0.40, i=0.45, j=0.10,
HO o] M,=13900]
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109" & ()-s! 10%& ()-1\0 109PP& ()-!X 10%<& ()-!03 109& ()- CHHHHHS) {7
1110s39%10%& ()- YA10%<& ()-* 10%& ()-LSHGLO%& ()- !0f: 10%

& ()-1f:10%<& ()-$_$f $$&8&&&AYNC 110 10< 10<

10<=10%& ()-s, ! 109%& ()-y *10%& ()- s)f1l0%& ()-s' 10%& ()-

& ,(d))*+}[<YNC ! 3#10% & ()-!f3#10%(F(& ()- #10%& ()-!p

#109%P(P(& ()-8&M 10% & ()-! &M 10% (& ()-+l,,-....zX9.C 10(=10% & ()-!e
HHLO ({ (& ()-y!x +HLOW(V(& ()-y! +#10% & ()-y "f#10%& ()-!~
“f #1006 (N(& ()-....>/c///40nN": 1 100K6& ()-  10%& ()- " 10%& ()- S10%& ()-

10(, 10( 400001 WL 1dEMN/ : | 10%<mLO%<&’ () -
3 Y10%8 ()- S 109%& ()- 11*2s2}222dEMNV
7 $1Q%28 (F=0" 108 0%

F
} 33334PdETN oosLeTIL UL ()- -109%& ()-
+ 109%& () -

' A4 5K5v 5 0% 10
|10<:10%&'}|§@ . 0 '85! 10%& 6102,’/${é5[é5b56§gl¥'\5£g% 045, 10<
55556767} [ 9YNC
!\3#10%)&'()-:!!3%& ()-& = 3" 109& §) - & 3" Jook! \Mes#00), .

S109%& () - 78K9b9/ : E: : XWBYNC ! 3#105 &) - : | 3#10%~c& ()-:!! ~3#10%& ()-: !

3#109(Y& ()-: 1" | y3#100FF& ()-: ! ! f3#100B3& ()-:1:::::::: N ~\:

||810%& ()-10Z10%/- Y- & ()-Z! Z10%& ()-Z 10 10 10=109%& ()- 39109%& ()-3N. P; S; V;
dE-\: 11g 10% ()- 10%& ()- 3|01H310%&() FL' 109& ()- 3

1bie: ()-1510% ()-; S<<<\ >220E-\
t e h OJ\ If I )
% /& formula (1I-26)
0]

Hd 4 [=0.05, h=0.40, i=0.45,

/i\ §=0.10, M,=13400]

SS 10%<&' ()-.,s9 10%&

10%<8& () -

CH3

% % = >§O g—mformula m-27)

[£=0.05, h=0.40, i=0.45,
j=0.10, M,=11700]

Example 1: Preparing the Photoresist Composition
The polymer of the formula (II-1) (2 g) obtained from Preparation
Example 8, triphenylsulfonium perfluoro-1-butanesulfonate (TPS-PFBS)
5 (0.05 g), tert-butyl cholate (TBC) (0.06 g), propylene glycol monomethyl
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1151 109 ()-:s!10% ()-:s!10% & ()-:s!10% ()-:F 109%& ()-f: 10%& () -

2@ A@BAAA@C ! 0YL0%& ()-Z! 9#Y10% (& ()-Z 10 10 1010%&' ()- =109%& () -
7210%' () - d@ @AAABAIELC ! sFM 10% & () - 3' 10% & () -

109% & ()-Ss10% & ()-mL0% & ()- , 10% & () - AABB3CLCCIELC

11 +10% & ()-3)z10% & ()- SFM 10% ()-SFM 10% ()-SFM 10% & () - sFM 10%

& () - CCCetheCietthte (PIBMEA) 3801084 &nh Iy ' th é&idines(0.3 @4¢)% () -
3:()10%&'()- Y1 10(&(&'%-090&&&)&;{ Jltaxy Indthg i 0.3

x109& () -dre n@xedxd¢]l{atid(theh-filtéssdd threigh 20.45Ga& flder] - 'THOMrae-i5- & 10%& ()
- 10( DDDDBE} EEE}#?42  10=10%& ()-.  910%& ()- | 7F10%& () -

| x 10%a& then pprepsbera(piete of dryEilicon py[sphmsmprorfoppralthin fibmeg & ()- sy
TOGHTH baH ry FireAda filin sothencdgied af 130766 99 seeonds to obtain a
L8 A O O (s IS (L LR & e .
KK KoK AGS: wave e(i/log O%%Id(l)d-%ol%ﬁgfcgl)ﬁ and thenbaked on o ()= 100 10(
thermoplate at 130 °C for 90 seconds.
Next, the film is developed with tetramethyl ammonium hydroxide
(TMAH) aqueous solution (2.38%), and then washed with deionized water,
10  and spin-dried. The exposed area shows a structure of resolution of 0.15um

under the observation of scanning electronic microscopy (SEM).

Examples 2-16: Preparing the Photoresist Compositions
Repeat procedures of Example a, but the polymer is replaced with
15  those obtained from Preparation Examples 9-15, 21-27 and 31. Table B

shows the results.

Table B
Example Polymer Thickness of the Resolution

Film (nm) (nm)
Example 2 (I1-2) 317.8 0.18
Example 3 (I1-3) 326.0 0.18
Example 4 (II-4) 298.5 0.15
Example 5 (11-5) 278.8 0.15
Example 6 (11-6) 321.0 0.15
Example 7 I1-7) 306.8 0.18
Example 8 (11-8) 304.5 0.15
Example 9 (11-14) 320.7 0.20
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10(=10% & () - KKKKLLALa?bC s 10! F109%& () - F10%& () - 109%& () -
10%' () -1 SOL0%@R. () - z10%: () - ZALLMW) MMe[ <bC s * 109’ ()-* 109% ()-!nL)m

10% ;& ()-'4L) m 10%==& ()- 10%& -1 110% () - NMQVBMIMUMWMEM MMVEF s

@®10% o0& ()- L 10% o0& ()- -10% o0& ()- 10 10

10L10%&' () -=10%&" () - NMVNNNI\/dEeF s (&10%0& ()- & 10% 0& () - %@ 0% 0& () -

&10% o0& () - Exafififle d® ()| @LQU-48)() - MNSN B3pMNaeF [s 0.20

P+ 109RR. () -141 109 [ & () -&10% o0& ()-1s6"10% o0& () - {4 10% o0& ()-

2@0% o0& () ExanigleINsN NN} [(EBE6Y S, 10% 0810.2! * 10%0& ()0.15

10% o0& ()}=310%0&' () -! Q’I(')O/mg_&_(_)_g_l_( NNNN]

s!0, 10%& (Examme%Z& () IL(‘I’IL-O%L ()-m Ylo%%%() m{10' o 1W16

10' 0010‘V' ;

T Example 13 T(I-18) 2758 0.15

Example 14 (II-19) 330.5 0.18
Example 15 (11-20) 309.7 0.15
Example 16 (I1-24) 3185 0.20

Accordingly, these chemical amplified photoresist compositions of
the present invention can be successfully applied to general lithography
processes, and particularly to the ArF, KrF or the like process to obtain

5 superior resolution, picture sharpness and photosensitivity.

From the foregoing description, one skilled in the art can easily
ascertain the essential characteristics of this invention, and without
departing from the scope thereof, can make various changes and
modifications of the invention to adapt it to various usages and conditions.

10 Thus, other embodiments are also within the claims.
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sly -10% & ()-1 10% & ()- y' 10% & ()-

I'y"10% . & ()-!"10% ()-!"10% & ()- O-OCOLO\ QUOCIE]; s!y*-10% & ()- (
109% & ()- y' 10% & ()- y10% & ()- & 10% & ()- yF 10% & ()- O00000000vkL
s! &10%& ()- 10" 10" 10", & 10% & ()-110% & () - MLO% & () - s=10% & () - 000000
PAEvKL s! 9109& ()- Y 10%& ()- f10%&' ()- 109& ()- y-109%& ()- y-10%& () -

PPOPCPOPi ! o%& ()- L4m 10%& ()- 2,10% ()- (10%& ()- &
109& () - m\i%%%@ﬁ n<vkL s!!O#109%*& ()- #10%& ()- ! #109%XX& () -
&10%&' ()-!: OSIOOWJ!¥& Y S10% - Y. PPPPRPPP 109%&

109%' ()-1 10%& (} ﬂ&m @Ls mPgif%lJBh@to&eﬁlftC %@%ﬂl@k )comﬁi)wmqu; s
109& 'K

‘ (- polymer having a repeated unit of the formula (II),

R1
L

\
/
O

QK

G

{
\

e i

5 1))
wherein R' is H, haloalkyl group or C;-C, alkyl group; R? is hydroxyl
group, C,-Cs alkoxy group or C;-C; thioalkyl group; G is (CH,),, O or S,
whereinn is 0, 1, 2, 3 or 4; Rc is a lactone group; and mis 1, 2 or 3.
2. The composition of claim 1, wherein said R' is H or methyl
10 group.
3. The composition of claim 1, wherein said R? is hydroxyl group,
C,-C, alkoxy group, or thioalkyl group.
4. The composition of claim 1, wherein said m is 1.
5. The composition of claim 1, wherein said G is (CH,),, nis 0, 1
15 or2,
6. The composition of claim 1, wherein said G is O or S.

7. The composition of claim 1, wherein said polymer has the

following formula (II- 1), (II- 2), (II- 3), (II- 4), (II- 5), (II- 6), or (II- 7):
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T10983& ()--! T10%& ()--! T10%=& ()-- 10%& ()-010%& ()- nPPPPQQ Q‘?yZ;
s$109%& ()-!f 109%5k5& ()-!f 10%00& ()-010%& ()-nmy$10%R' ()- 10%& () -

QQQ' QMY QQaBy Z;

sy-10%&' ()-y-1098& ()-f-10%&' ()-f-1098& ()-pPFL0%& ()-!K &10%7& () - QRRAAQ
QY peF s&l0% ()- 10 10

10Y) 109%& () - =1@hg () - (- CB& () -CHI0%MX& () - QQUQQURaBpeF sS& 10%& ()- 3
1098 ()- @OY&J()-! 109 ()-7 10P& ()- 9 10%&' () - R( RBRYRcRf RhRdEpeF
s0%0%& () - M 10l&g f B0 () T Y3109 ()- f109%&' ()- S109%& ()-

NRORYR! RRRRaBe =05, - 10¥& DU () - y( @O%& ()- YILO%& ()-1"0
$g10%@m () - O$g10%! () R (Bl - 10% ()1 Y - 10% ()~ 10 10

10@ 109& ()-}f109& P00 O RRVEA ssmggga- 199%& ()-!12

109& () -!v$7IPpoR () 0% () - AT-10%: () -I'T- 10%! () - SSSSSSS} ~BeC ! 2 1
10% ()-S : 109%& ()%)b&' N~OFL0%: () -! TL10%! () - 10%& () - SSSSSSSSTI M
12 11

CHs CH, CH,

g h i
0]
0]

O o)
0
/i\ g °§ §°C2H5 formula (II- 2)
0™ ™o

CH, CH, CHs,

g h i
W
o)
0
/*\ @/ °§ §°C2H5 formula (II- 3)
0™ o

CH, c

’H3 CH3
g h i
0 o) o—< formula (II- 4)
~ %
0" ™o




109@& ()-109%& ()- 10 10 103109%& ()- SH109%& ()- @O0% ()-T TOTI T[ TKTTAEI M ! 2
1( 109%& ()- &10%@& ()- f109@& ()- 109@& ()- yl09@Z& ()- s 109&& ()- TTT
UOUUUUIE) f 109@2& () - =109@& ()-: 2" 109Z& ()- 8@

109@& () - 396- 1092Z& () - 3FANLO%Z& () - f*109&& () -

UUUUUUU<Wi Jf 109@2& () - 109& ()- 109& ()- & 109& ()- 10Z 10Z

10Zf " 1092Z&! () - f - 1092Z&' () - W WWWNMET Jf 1092&' () - 9! 10%& ()- Y10%&! ()-

y10%& ()- ~miO% ()-Y 10%& ()- 109& () - WFXXXXDYWYdEi Jf 109&Z& ()-1"109%& ()- 3
"109& ()- s10%CH @Hg) - 1008 () - 3#109%& () - 3W_Y' YhYi YqYYYnOBJf 1!

109 ()-h' 10%R ) ) -nl L1098 ()-h' 10% ()-h'

109& () - h@ TOYg TTTOU& ()-h' 109& ()-h#31l ' 109%& ()-h'
109 ()-h' 10% Hh' 1658 () - hierg eF, J' 10%& (' 10%& ()-h' 10%& ()-h'
109&' () - #3119 100 ()oh’ 5 eF, J' 109& (' 109%& ()-h'

109 ()-h' 10b& () - ' () - h? & () - hYYZZZZZeA J' 10%t31l
109& ()-h' Top& ()- o0& ()-h'/ TOX& iééfnuhazgéégzu; ZBZdJ+J'

109& ()-h' 10% (), 109 P 109¢ ()-h' 109%& ()-h’
109%& () - hBZHZMZNZ eF+J' 2 ()-h' 109& ()-h' 109%& ()- h#31l

109 ()-h' 109 ()- hezj Zkzuz} Z eF+Y  100& (" 109 ()-h' 10% ()-h
109 ()-h' 109 ()-h#31l & 77777777Z{[;" 10i 10%& ()- i 10%t& ()-
10#10#%40# 3=10%#&' ()-' 109&' ()-h#31l 777777z 2{[;' 10i 10%& ()- i
109%& ()- i 109%*& ()- #31] i 109%& ()- i 10%& ()- zzzzzzz_?{[;' 10i
10%:& ()- i 1096& ()- i 10%& ()- i 109%& ()- #31] i 10%& ()- 2ZZ[]
[[C<{[;" 10#31] i 109%& ()- i 10%& ()- i 10%:& ()- i 10%:& ()- #31]
[[10 [, [-[8[ DiGH; 10#3CHLO%HE& Gl #31] i 10%:& ()- i 109%& ()- i 10%& ()-

i 10%&()\(_8[/%&@#{\&&1\% 109%4& ()- | 10%:& ()-
g i
O —0 o)
0 0

Q OH

/‘\ @/ formula (II- 6)

O
CHy  CHy  CH,
g h i
5 0 o 0O
OCH
/‘\ *  formula (II- 7)
0" o

wherein g+h+i=1.

8. The polymer of claim 1, wherein g/(g+h+i) ranges from 0.01 to
0.8, h/(g+h+i) ranges from 0.01 to 0.8, and i/(g+h+i) ranges from 0.01 to
0.8.
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~ QA o

CH, CHs CHj,
\(_/ 5 ; i
—Q 0O 0O

o) OH Q OC,H

2% formula (II- 9)
AN

0" ™o
CH, CH, CH,
\(_/ 3 ; ;
—0 O o)

o OH O‘<
formula (II- 10)
o)
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FO o) 0
o) OH Q OCH
P *  formula (II- 13)
N
0™ 0

wherein g+h+i=1,

10. The polymer of claim 9, wherein g/(g+h+i) ranges from 0.01 to
0.8, h/(g+h+i) ranges from 0.01 to 0.5, and i/(g+h-+i) ranges from 0.01 to
0.8.

11. The composition of claim 1, wherein said polymer has the

5 following formula (II- 14), (II- 15), (II- 16), (II- 17), (II- 18), or (II- 19):
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L #$%& (), -

CHs CH, CH;  CH,

g h i j
0] O 0 0o
HO o
0
/|\ g °§ §°H formula (II- 18)
0™ o

CHy  GHy  CHy  CH,
g h i j
o 0 o o
HO o
0o OCH
/}\ Q ®  formula (II- 19)
"o

wherein g+h+itj=1.
12. The polymer of claim 11, wherein g/(g+h+i+j) ranges from 0.01
to 0.5, h/(g+h+i+j) ranges from 0.01 to 0.8, i/(g+h+i+j) ranges from 0.01 to
0.8, and j/(g+h+i+j) ranges from 0.01 to 0.8.
5 13. The composition of claim 1, wherein said polymer has the

following formula (II- 20), (II- 21), (II- 22), or (II- 23):
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wherein g+h+i+j=1.

14. The polymer of claim 13, wherein g/(g+h+i+j) ranges from
0.01 to 0.5, h/(g+h+i+j) ranges from 0.01 to 0.8, i/(g+h+i+j) ranges from
0.01 to 0.8, and j/(g+h+itj) ranges from 0.01 to 0.8.

5 15. The composition of claim 1, wherein said polymer has the

following formula (II- 24), (II- 25), (1I- 26), or (1I- 27):

CHj,
L AY L AY L. =\ (
\ ] \ ) \ ! \ ]
g h i
04/\0\/\\O Q ° OCHj
0 0 formula (II- 24)
HO o]
AN A
CH,
L AY L L ( .
\ / \ ! \ ] \ ]
g h i
O¢/\ \A\o O
o) OC,Hs
0 o formula (II- 25)
HO 0
/’\ o 5
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—. 3\ ) LY L LY (/p—
( Tg  \ o\ T i
o

OJ\ O\A\o S

o) 0 formula (1I- 27)
HO o

AN A

wherein g+h+i+j=1.

16. The polymer of claim 15, wherein g/(g+h+it+j) ranges from
0.01 to 0.5, h/(g+h+itj) ranges from 0.01 to 0.8, i/(g+h+i+j) ranges from
0.01 to 0.8, and j/(g+h+i+j) ranges from 0.01 to 0.8.

17. The composition of claim 1, wherein said polymer is soluble in
organic solvents, and has a glass transfer temperature ranging from 50 to
220 °C, a molecular weight ranging from 1,000 to 500,000, and a
degradation temperature greater than 80 °C.

18. The composition of claim 1, which further comprises a

photo-acid generator (PAG) having one of the following formulae:
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19. The composition of claim 18, wherein said photo-acid
generator is added at 0.1-20 parts per 100 parts of resin in weight.
20. The composition of claim 1, which further comprises an acid
quencher, said acid quencher is tetrabutylammonium hydroxide,

10 tetrabutylammonium lactate, tributylamine, trioctylamine, triethanolamine,
tris[2-(2-methoxyethoxy)ethylJamine, N-(2,3-dihydroxypropyl)piperidine,
N-(2-hydroxyethyl)piperidine, morpholin, N-(2-hydroxyethyl)morpholin,
N-(2-hydroxyethyl)pyrrolidine, or N-(2-hydroxyethyl)piperazine.
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21. The composition of claim 20, wherein said acid quencher is
added at 0.001-10 parts per part of said photo-acid generator.
22. A method for the lithography of a semiconductor device
wherein the composition as claimed in claim 1 is used as a chemical
5 amplified photoresist.
23. The method of claim 22, wherein said lithography comprising

an exposure step using a light source with 193nm.
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