; uvwxe3e: 7$FNP6TO; 7 MONOVER FOR CHEM CAL AMPLI FI ED EHQTORESIST
"COVPCSI TI ONS FI ELD OF THE | NVENTI ON The present invention relates to

unsat urated pol yc ' , and particularly to unsaturated pol ycyclic
ester nononers, g‘ﬁﬂ\“\“@“ﬁ@“\%‘ftabl e for polynmer synthesis R@W cing polynmers
havi ng good hydr i'ty, adhesion and dry-etch resista IEMW ND
OF THE I NVENTION I nteyP&" circuit layering is crucial in s

i ndustries such that the nunber of integral |ayers on an intéegeads« circuit
nmust~ be maxi m zed. Therefore, narrower wire widths for |ithography are

required. To achi eveMONOMERSFOR CHEMIGKL SOMEEFFIEDh shorter
wavel engt hs or exposure systens 15 with |arger nunerical apertures are

applied. Recently, a pol PHROTORESIST COMPOSITIONSwWavel ength |ight
source was devel oped, which is a copolynmer fornmed by four kinds of nononers

and naned i BVMA- MMVA-t BMA- MVA (pol y isobornyl methacryl at e-net hyl
met hacryl ate -t-butyl. nethacryl ate-nmethacrylic acid). The structure of this
20 pol yndfIBID&F dMEVEN 0 OH CH3 C(CH3)3 For such pol ymers,

there are still_sone disadvantages, for exanple, |ow etch resistance and
bad adhesion dddierpresert nventinarelates towpsatnrates polyayickic@sters; angr oduci ng

phot oresi st .co sitions with this polyner, creating a new 5, process
becones m@ggﬁﬁf tqp@atwat@dapOR@yCEI,C;_eﬂqrmgnamr%,Vzhmha@s saﬁagﬁ% nese

Pat ent Publ.i cati on ,No, 2001-242627 have di.scl os dj fferent oners for
Cont hesi TGS SYBUL PIOpictss pREESS ViR R O pPBRUIaRe SiBesion

and dry-etch resistance.

10 BACKGROUND OF THE INVENTION

Integral circuit layering is crucial in semiconductor industries such
that the number of integral layers on an integral circuit must be maximized.
Therefore, narrower wire widths for lithography are required. To achieve
better resolution, light sources with shorter wavelengths or exposure systems

15  with larger numerical apertures are applied.

Recently, a polymer suitable for the 193 nm wavelength light source
was developed, which is a copolymer formed by four kinds of monomers and
named iBMA-MMA-tBMA-MMA (poly isobornyl methacrylate-methyl
methacrylate -t-butyl methacrylate-methacrylic acid). The structure of this

20 polymer is as follows:



conposi tions and then be applied to sem conductor conponent nanufacturing.
*10 SUMVARY OF THE | NVENTI ON The obj ect of the present inventionis to
provi de unsaturated polycyclic ester nononmers, which are suitable for

synt hesi zi ng pol ynmers havi ng good hydrophilicity, adhesion and dry-etch
resi stance, or reacting wwth 15 one or nore unsaturated species to form

pol ynmers or copol yners. The conpound of the present invention has the
following structure (formula l), R~ 02 -/RG(CH c (I) 20 wherein RL is
H, hal oal kyl group or C -C4 al kyl group; R2 is hydroxyl group, % ~\ ~~\
C ~-C8 al koxy group or C 1-C8 thioal kyl group; Gis (CH2)", Oor S, wherein
nis 0, 1, 2, 3 or 4; Rcis a lactone group; and mis 1, 2 or 3. Wen a

proper catgd sifch Iscﬂg/ﬁfaig,dbhef@afe&tﬂl cbheCdHBad WA ERY, YHPéﬁarﬁglleC, g@w SER' S

t hrough pol ynerization or copol ynerization with other vin nononers.

Fur t her megistdrivesendobad adhesion direpol theefour etondaentompositiin. aThktdfbes]
phot oresi st conpositions with photo-acid generators (PAG, additives and

sol vent s.if phedecingmimtotdsstcongpositiens bathefins peliymer, geeating a nethogr aphy
processes, and particularly to ArF, KrF or the |ike processes to 10 obtain
super idor presesub¢ammenndcesiaesensi tivity. DETAI LED DESCRI PTI ON OF THE

PREFERRED EMBODI NENTS The present | nvcfnti an é)rovi des a caqnpound of the
formula (1), RU.S. PatentNo.(@e71412 and 6,280,898 and Japanese Patent

Publication No. 2001-242627 have disclosed different monomers for
synthesizing photosensitive polymers, which can form photoresist
compositions and then be applied to semiconductor component manufacturing.
10
SUMMARY OF THE INVENTION
The object of the present invention is to provide unsaturated
polycyclic ester monomers, which are suitable for synthesizing polymers
having good hydrophilicity, adhesion and dry-etch resistance, or reacting with
15 oneor mc;re unsaturated species to form polymers or copolymers.
The compound of the present invention has the following structure

(formula I),

<,
A

G

R1

@
20  wherein R' is H, haloalkyl group or C;-Cy alkyl group; R? is hydroxyl group,

o



15 (1) wherein R is H_ haloalkyl group or Cl-C4 alkyl _group; R2 is
"hydroxyl group, C 1-C8 al koxy group or C 1-C8 thioal kil group; Gis (CH2)n,
Oor S, whereinnis 0, 1, 2, 3 or 4, Rcis a lactone group; and mis |, 2
or 3. The forrmula (I) corrpound of the present invention can be synt hesized
20 by the foll ow ng steps: .--, O°G+~000( G~OOO( GN\OOOG ~0O
OHOGORz [ Diels-Alder ] Step 1 [ Reduction ] Step 2 Peroxide Step 3 H+
Step 4 OR~- Cl Step 5 .----, 0 OR- OG~OR2 wherein R, R2 and G are
defined as the above. 5 10 In Step 1, a proper dinme conpound such as ~

but adi endg;- Clxallmeylgﬁmlfaﬁcl;f@g ﬁﬁoan@rl @0@@ﬁ§§hm%@ oS, RviigrbR{ h C

anhydride to performthe D el s-Al der reaction en, the acid anhydride
adducts ds @, ipd)8ed AinReris aHactumlel grompyandonds 1j 2es 3.n t he second Step 2.
Preferably reaction is carried out using sodium boron hydride in dried
pol ar sol vent bén apropeecatplysbisradied, formuda (Bopdrornrpolymers 8rep 3,
peroxide is rOV|ded to oxi di ze t he doubl e-bond conpound i nto an epoxi de.
In Step #opokymepothirgugh polymerization or copolymerization with other vinyl
5 monomers.
Furthermore, these polymers or copolymers can form chemical

amplified photoresist compositions with photo-acid generators (PAG),

additives and solvents. These compositions can then be applied to general

lithography processes, and particularly to ArF, KrF or the like processes to

10  obtain superior resolution, and photosensitivity.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a compound of the formula (1),

R1

15 D
wherein R! is H, haloalkyl group or C;-C4 alkyl group; R? is hydroxyl group,
C;-Cy alkoxy group or C;-Cq thioalkyl group; G is (CHy),, O or S, wherein n
is 0, 1, 2, 3 or 4; Rc is a lactone group; and m is 1, 2 or 3.
The formula (I) compound of the present invention can be synthesized

20 by the following steps:



4 ~ ! ,\ reacts with.a proper nucleophilic reagent such as water, al cohol
and thiol, to performa ring opening addition reaction’ Under an aC|d|c

envi ronnment obtai ning a hydroxyl derivative. In Step 5, the hydroxyl
derivative reacts with (al kyl)acryloyl chloride or acryloyl chloride to
performesterification resulting 5 in the conmpound of formula (l1). Detailed
procedures for preparing the conpound of the present invention are
described in the preferred enbodi nents. By pol ynerizing the conmpound of
formula (1), polyners with repeated units can be obtai ned, which has the
followi ng structure formula (I1), 10 (I1) wherein R is H hal oal kyl group
or C1-C4 alkyl group; R2 is hydroxyl group, C 1-Cg al koxy group or C 1-Cg
thi oal kyl group; Gis (CH2)"Q Oor S, whereinnis 0, 1, 2, 3or 4, Reis a
| act one group; IS Or[QNdéguaEﬁ conpounds of formula (1) can be
pol ynmeri zed or cwﬂu i nyl nononers to produce various
polynmers with or w hout aSSI ﬁqce of catal ysts. Particularly, when
applied to 193 nm processes,\t he vi'nyl nononers preferably have no aryl
group to enable light to pasQ t hrough. The foll ow ng exanples illustrate
sonme of the vinyl nononers, mherein R3 is 20 H, hal oal kyl group or Ci1-C4

al kyl group. 5 R3 ~ ~ ~RB~RBR~-RB~-RBROOCOOOOOHOOOO
OOOOMHUR3 ~ ~Rsquctlm]oooooooooooomCHon

RB, '~~, CH2, - > ooo"lg'UU‘G’OOOOHOCOZHoo
tep 2

0O Peroxide

@:/40 Step 3

0 H+

R e

o o Step 4

0O 1
R
HO \TFJL\CI \Wr/u\
) 0
R Step 5 .

wherein R, R? and G are defined as the above.

5 In Step 1, a proper diene compound such as butadiene,
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

10 as dimethylformamide or tetrahydrofuran. In Step 3, peroxide is provided to

oxidize the double-bond compbund into an epoxide. In Step 4, the epoxide



OHO OO0 k By reacting the conpound, fornuta (1), with one or nore of

't he 'above vinyl nononers, the polyners can be prepared.' These pol yners are
suitable for producing chem cally anplified photoresist conpositions that
can be 5 applied to general |ithography processes, and particularly to ArF,
KrF or the |like processes. Mire detailed exanples are used to illustrate
the present invention, and these exanples are used to explain the present

i nvention. The exanpl es bel ow, which are given sinply by way of
illustration, nmust not be taken to 40 limt the scope of the invention.

Ex I i ik & } | at
(71 or S R BRp R AucleopRille e el A DL IR b Taco

15 (1-1) pReforfP¥iBopesing-Aeitibh ireactict BnderlaR 36idie eavRonAME ) iS

di ssol ved in nethanol™ (200 nlL), and then reacts with concentrated sulfuric
acid (0. %t@ihln%awctrbmgl derivative1 gl Sesp Sothedaatrbryl déivativé Feacteagth on is
conpleted, the 20 solution is neutralized and concentrated in vacuum The
resi due akyd)ezsployddhloriddor atryddylnetilbyiderte peinfarm dsterifitationZegulting
triethylamne. To this mxture below 15 C, 10.5 g of nethacryloyl chloride
was aldedndhe gaimpeund eeformmdadbapDetailed procedatesifon prepeasingthe i on was
agitated for 4 z
J compound of the present invention are described in the preferred
embodiments.
By polymerizing the compound of formula (I), polymers with repeated

units can be obtained, which has the following structure formula (II),

CHo)m Rc
dn

wherein R' is H, haloalkyl group or C;-C4 alkyl group; R? is hydroxyl group,

C;-Cg alkoxy group or C;-Cg thioalkyl group; G is (CH,),, O or S, wherein n

is0, 1, 2, 3 or 4; Rc is a lactone group; andmis 1, 2 or 3.

15 The compounds of formula (I) can be polymerized or copolymerized
with other vinyl monomers to produce various polymers with or without the
assistance of catalysts. Particularly, when applied to 193 nm processes, the
vinyl monomers preferably have no aryl group to enable light to pass through.
The following examples illustrate some of the vinyl monomers, wherein R’is

20 H, haloalkyl group or C;-C4 alkyl group.



hours at roomtenperature, followed by conventional extraction and washing.
*The 'oily substance collected was purified by silica gel colum

chromat ography, yielding 18.4 g of

9- net hoxy- 5- oxo- 4-oxatricycl o[ 5.2.1.02' 6] dec-8-yl nethacrylate) (1-1)

18.4 g), with a yield of 69 % 5 1H NWR (CDC13, 300MHz) 8 5.89 ( 1 H, brs),
5,37 ( 1 H brs), 481 ( 1H mM, 3.96 ( 1H m, 3.67-3.57 (2H,
m,3.54(3H,s),2.79(IH M, 2.57(IH, M, 2.55(IH, M, 2.37(IH M, 1.77-1.74 (4H,
m, 1.38( 1 H m. 13CG~ (CDC13, 75MHz) 10 b 171.4, 165.6; 136.0, 124.8,
84.9, 79.5, 70.0, 51.0, 46.1, 45.7, 40.4, 39.1, 32.4, 17.8. Exanple 2

9- net hoxy- 5- oxo-4-oxa-tricycl o[ 5.2.1. 026] dec-8-yl acrylate (1-2) 15 0 OO
H+ acryl oylgichl ori dg3 CH30H RPl 20,12 / R‘EtSN 0 CR:D b HSCDR@I -2) R® O,

8, 9- epoxy- 3- xo 4 “tri'c e (16. is disgolved in
met hanol and then r a s W h once trated su\fuctic asid~(0.25 20
m.) resultin Q a ri peni eact ons Upo conpl etion,~“the gorttion is

neutral i zellCand cond@ntratedoln vacu di ssol &
of methyl ene chloride and 102 g of . L '
s z 510 15 20 C, .5 f>net yacr 2 oyl ride vy Added {d
After the conpletion ddi tion, i i % '
roomtenperature, followed by conventional extraction and washing. The oily
subst ance collect$d was purqd fied b¥3silica gel col chr ongg ogr aphy,

yi el ding 18.4 g Bf 9 net hgXy- 8- oxgR4- oxa-t [ 5t 2.P.02'6] dec? 8-yl
acrylate) (I- (18.9 AW th ield 75 % ~Fk NVR 13, 300MHz, J in
Hz) 86.38(IH dd, =15. 4, 0. 0. 11 (HHad, J=)==&, 10.530 5.8 B dd, J=10. 5,
0.56),5.01 (IH, rs) 4.17@H d, I=50), 3 866! H, d, J 5)6) 3. 7% H dd, J=5 .6,
2.7), 3 .72 (3H 1H m, 2.5 6
( 1 H brs), 1

75MHz) 8 171. 9§

40.8, 39.6, 32. .
CH,OH
R® , ,
i (@) 0]
o)
5 o)
CO,H
5
i=o o)
0 0
) by o 0 0
HO o 0



4- et hoxy- 9- oxo- 8- oxa- bicycl o[ 4. 3. 0] non-3-yl acrylate) (1-3) OOOOHO-0O
'"H+  acryloyl chloride CZHS~ CH2C12 / Et 3N CZH50 (I-3) Repeat steps of
Exanple 2, but replace the initial reactant 8, 9-epoxy
3-0x0-4-oxa-tricyclo[5.2.1.02" 6] decane with 3, 4- epoxy-7-0xo-8-oxa 9

bi cycl o[ 4. 3. 0] nonane, and replace nethanol w th anhydrous ethanol. The
colorless oil product, 4-ethoxy-9-o0xo-8-o0xa-bicyclo[4.3.0]non-3-yl acrylate
(1-3), is obtained. 5 1H NWR (CDC13, 300MHz, J in Hz) 8 6.28 ( 1H, dd,
J=17.4, 1.8), 5.99 (1 H, dd, J=17.4, 10.6j, 5.7S( 1 H, dd, J=10.6, 1.8),
4.91 (1H, brs), 4.11 (1H m, 3.85 (1H, mM, 3.S8 (1H mM, 3.44 (1H m,
3.22(1Hrr)261247(2Hrr)225 1H m, 1.91-1. 72 (2H, m,

1.09-0.97 (SH, B?red&m]g?ﬂ&e'% fo?ﬁMﬂigfwlt ox@e ol fifbré of 188 aBova28. O,
71. 2, 708 69.2, 63.8, 3S.7, 30.3, 25.1 , 9. Exanples 4-7 15

Repeat stﬂml momew ehdpolyuneﬁse}alndm@ptdparedll Tha$e pebmierstage suitable) vent s

with those listed in Table A Table A also lists the products. Table A

Initial Reagiraducisy ekamidatlyduneplifird phiotoresist 2oRpmsitiads thabcandeO O 1-4 10
5 applied to general lithography processes, and particularly to ArF, KrF or the

like processes.

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

10  limit the scope of the invention.

Example 1
9-methoxy-5-oxo0-4-oxa-tricyclo[5.2.1.0>°]dec-8-yl methacrylate (I-1)

0
/]\/D://( H* Methacryloy! chloride ID:/(/
O ] > »
CH3OH CH,Cl, / EtaN HACO
15 (I-1)

8,9-epoxy-3-oxo-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) resulting in a ring opening reaction. After the reaction is completed, the
20 solution is neutralized and concentrated in vacuum. The residue was
dissolved in 200 ml of methylene chloride and 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



O H20, THF OO o

Exampl e 5 O Cycl ohexanethiol OO O S o OO I-5 Exanple_.6
'"HOOO- O1-6 Exanple 7'0 Methanol O O O O H3C0 O O O*~0 i -7 Application -
Exanmple 1 H3 CH3 ~h O O O wherein OO OCH3 OO~ (Il1l1-1) g+h+i =l
Tetrahydrofuran (20 nL), tert-butyl nethacrylate (2.13 g), 2-nethyl-2
adamantyl nethacrylate (4.69 g) and 9-net hoxy-5- oxo-4- oxa
tricyclo[5.2.1.026] dec-8-yl nethacrylate (3.99 g) are mxed in a reactor,
and 5 then an initiator 2,2'-azo-bis-isobutyronitrile (AIBN) ( 1.1 g) is
added therein to performthe reaction at 65 C. After the reaction is
conpl et edpoiliRGt§ObHI téﬁﬁpélﬁtw@l £f8l18wéd BRychRicntidnal éQradtion AndVeRting.
transferred into a container containing hexane ( 1 L) to generate ite
preci pi t aThe ollyesubseaticel dolleetéd waBgurifie @By Bilida gelredluam to obtain white
powders (8.43 g), i.e. the formula (I11-1 Y 10 polyner. The yield is 78%
Vi ght - avehrageatogtaphiy, aueldingy h8.40f of WempthoxypS5-oeackorat with GPC is 14, 100,
and the gl ass transitiﬁon tenperature (Tg) is 169 C | ication Exanple 2
15 wher ei triayehefi5=2. 125 ]4&0«81y1)meﬁ1apamtbgdldr)e(d 8(teg),rwAﬁﬁ ayeld 0fi691%.
met hacryl&&e (2. 13&, 2-met hyl -2 adamantyl nethacrylate (4.69 g) and
4- et hixy- HOMRBR(GRCRO3GOMHEEZL[ 4. 3. 0] non-3-yl nethacryl ate (4.02 g) are
m xed in g reactor, Next, an 1b2

5.89 (1H, brs), 5.37 (alH, rs), 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),
1.77-1.74 (44, m), 1.38 (1H, m).
BC-NMR (CDCl;, 75MHz)

10 §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, 17.8.

Example 2
9-methoxy-5-0x0-4-oxa-tricyclo[5.2.1 .0*%]dec-8-yl acrylate (I-2)

@)
O H o 0
H* acryloyl chloride
© © TR0 TCHCL/EGN 0
3 2~k HaCO

(1-2)

15

8,9-epoxy-3-oxo-4-oxa—tricyclo[5.2.1.02’6]decane (16.6 g) is dissolved
in methanol (200 mL), and then reacts with concentrated sulfuric acid (0.25
20 mL)resulting in a ring opening reaction. Upon completion, the solution is
neutralized and concentrated in vacuum. The residue was dissolved in 200 ml

of methylene chloride and 10.2 g of triethylamine. To this mixture below 15



z initiator 2,2'-azo-bis-isobutyronitrile (AIBN) ( 1.1 g) is added to
‘perform an overnight reaction at 70 C, subsequently tetrahydrofuran (20 nlL)
is added therein. Next, the solution is transferred into a contai ner
containing hexane ( 1 L) to generate white precipitate. The precipitate is
then dried by filtration 5 to obtain white powders (6.83 g), i.e., the
formula (V-1 ) polyner. The yield is 63 % Wi ght-average nol ecul ar wei ght
of the polymer nmeasured with GPC is 19,200, and glass transition
tenperature (Tg) is 121 C. Application Exanple 3 10 Preparing a Phetoresi st

Conposi ti r - ai om lication
Exanpl e 107 13%”3ﬁgﬁiiﬁéiﬂiﬁ%}‘%ﬁqdﬂéﬁf‘ﬁﬁ% ddeddidbvie. SATR t%‘P o PPe g
(0. 05 9).cdpletivi of addieiont ¢hd IBGiohOWAS agitateﬂri@@w Ieo\&s @ Y66m mononet hyl

et her acetate (PGVEA) ( 10.4 g) and N-(hydroxy nethyl)piperidine (0.5 np)

15 are m tegtheratire Afodldvoed biyidongeationhl extgéctiorDadd wastingd.| The.oilkhe filtrate
is then spread on a dry silicon piece by spinning to forma thin film The
thin fil nibstardvencaltécted atasl Baified by stlicas gebealantmclutomatogearty?. 6 nm t hi ck
film Next, the filmis exposed to a DUV light source with a 193 nm

wavel éngtyietding13.4% of DemethaaydS iaxend ressa-tricyoho S .2 Al ¢ aBeylaacryBae) f or
20 90 seconds. Next, the filmis devel oped wth tetranethyl anmmoni um

hydr oxi de(T¢IMAS).9 gluwithsa yialdafold ¥2.3 8 9%, and then washed with dei oni zed

§‘.:2§£n’ uﬁzﬂﬁﬁfﬁizrgb%?uai{fﬁwﬁwﬁﬁﬁxﬁﬁﬁg cl'ectron o mcroscopy (SEM. 25
v o B L GATREE S50, BTy FrRLCtaT il fofos
b phot oeb SO0 L M2 1 RF, B3P R (L 2 S R R P 67D e ™
and Wi hont SRR T S RO B, SR G I I S R U g
and modi fj,311 9819, d,72:10.9), 1.57 (1H, d, J=10.9).

13C.NMR(CDCl3, 75MHz)
5171.9, 165.0,130.7, 128.6, 85.4, 80.0, 70.5, 51.6, 46.7,46.2, 40.8, 39.6,
32.9.
15
Example 3
4-ethoxy-9-0x0-8-0xa-bicyclo[4.3.0]Jnon-3-yl acrylate) (I-3)
O
O O
H* loyl chlorid H\[(U\O
o 5 R acryloyl chioride o
215 CH2C|2/ Et3N C2H5O
(I-3)
20

Repeat steps of Example 2, but replace the initial reactant 8,9-epoxy-

3-0x0-4-0xa-tricyclo[5.2.1 .0*%]decane with 3,4-epoxy-7-oxo-8-oxa-



invention to adapt it to various usages and conditions. Thus, other

"enbodi ments are also within the clains. 14 WHAT IS CLAIMED IS 1. A
conmpound of the following formula (1), R O~ /RZ G(CH- c (1) wherein: R
is H haloal kyl group or C~-C4 al kyl group; 5 R2 is hydroxyl, Cl-C8 al koxy
group or C--C8 thioal kyl group; Gis (CH2)", Oor S, whereinnis O, |, 2,
3 or 4, and ms |,20r3. 2. The conpound of claiml1l, wherein said R is H or

a et hyl

group. 3. The conpound of claim 1, wherein said R2 is hydroxyl,

Cl-C4 10 al koxy group or thioal kyl group. 4. The conpound of claim1,

wherein_ Sgy '09313[%83 (}]n o‘?ran@hén&?é“ﬁlﬁb'é‘fné%ﬁaxi&w y&gé&é th%ﬁb@ Gris_(C2)”

nis 0,10

conmpound alm ard Is Oor S 7. Th

conpound wloﬁlegs mllprovmbg:m bﬁw%gcw&@u%}@tbic?@la[alj OMd3 A deyma (1-1).

15 O H3CO O OG-0

conmpound of Claiml, which is a conpound

of the fofllPwisgbiadhedtl a (1-2). H O H3G O OO0 (1-2) 9. The conpound of
claim1, which is a conpound of the foll ow ng

5

10

15

'H-NMR (CDCls, 300MHz, J in Hz)

5 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 (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
(5H, m).

13C-NMR(CDCl3, 75MHz)

§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.

Examples 4-7
Repeat steps of Example 1, but replace the initial reactants and

solvents with those listed in Table A. Table A also lists the products.

Table A

Initial Reactant |Solvent Product

Example 4 O [2-Propanol _(
0]
s O

10



formula (1-3). C2 (1-3)..10. The conpound of cllaim 1, which is a conpound of
‘'the following fornula (1-4). 16 0 0 0~0 O (1-4) 11./ The conpound of
claim1l1, which is a conmpound of the following formula (1-5). OS O(l-5) O
O 12. The conmpound of claim 1, which is a conpound of the follow ng formul a
(1-6). OHO O (1-6) OO 13. The conmpound of claim1, which is a conmpound of
the followwng fornmula (I-7). 17 His .Ar.AFf . A3h. A3u. A3; . AS

. AaS% Al % AY. AS. ANe. AY, . AY(% AS. AYL. Al % A . Aa’\: " 3.-T45 -C

TT( T#. #. ~<8>?>>>~>X?>7>5X>| p~>?>>?~?2>?7>5X>~PX 22X ?X ?2X 02X K ?2XX~?X| X~X?XX?~| ?9cC|

P> > AT SIS TS = A T[S 777 7S TR 7=7=]27~?~~?~77| ?
>~??~~??~E§?’3ﬂé 3429252 |[ ]| @fl@@}f%‘?ﬁ}%hw??l?? 22299 ~~???~x??l?~
~| | 2] ||| |[=>??22?2?2?2~F=7 ..§i> | ~>???87?7>>>| X||>>>>7?3f 8x| JR2O??Y?>>~| ?>>~| X?
>~| | | ?2<>3>~| | ?>???>ﬂ St~| | ~?>?7?| X<>~~~~~ ~~~ P~~~ >>>>~>~
>>>>>>>>$:L rrd/ 45 !
o O
-5
Example 6 O |H,0, THF zéz
0]
o~ O
-6
Example 7 O [Methanol
O
Oi(EE[fO HCO O
0 0
-7
Application Example 1
CHj CH, CH3
g h i
0 0] 0
/T\ o} O  OCHs
"0 (IT1-1)

wherein gth+i=1
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'B' | wnhc”Y]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca]
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YD) 1) | w rApplichtiory[Byameples) ca] ca] ca] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] ca] ca
Lﬂca]ca]ca]ca]caLﬂca]ca]ca%gF]ca ﬁ}ﬁa]ca]ca]ca
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cal] ca] ca] ca] ca] ca] ca] ca] gf] cal ca]c ] ca] ca]lcaYca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca! g82888 88 Q 2Hs

9/ 92989z99999999999: D: Dl 8—A| D] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] c" ] caD| \
. . 8

9/ 92989z99999999999: D. S: Z: d: : : :: ! i D] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca]c"a] caD] ca al.eal cal ca{lca] cal] ca] ca] ca] ca”

R~ =1 10%rY& () - 109’ ()-L, ZlofV@L O)- l9 %10%/ & s

94.0% f & ()-F10%& ()-. FdE!'S 10%% () - 100@ ()- F, 10%@4 ()- | 10%@&' () -
110%@& ()- !'10%@& ()- BMIE!,) 10% qry,mg+h e ()- | 9% 109 () -

F#109%@& ()-!!109%@& ()- 10%@& ()- ~pbT5f109%& ()- 10 10 10! 0Y OglO% () -
(r@x
Tetrahydrofuran (20 mL), tert-butyl methacrylate (2.13 g), 2-methyl-2-
adamanty! methacrylate (4.69 g) and 4-ethoxy-9-o0x0-8-oxa-

20 bicyclo[4.3.0]non-3-yl methacrylate (4.02 g) are mixed in a reactor. Next, an
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0g10%h& () - 3- 10%@& ()~+ 10%@& ()- WDAEDT5f10109%& ()-10%& ()- 109%& ()-
109 ()-  110% ()- , ‘109 ()- .| dEbT5f10Z109&' ()- 109&' () - :
10%. ()- FGQLOY& ()- ! 109%& ()-1mov& ()- F
a?bT5!k,), 10988& ()-@,), 1096=5=& ()- @' 10%& () -1 %0%& ()- Y# 10%& ()-
11109 () - XrS4 109 ()- F10%&' ()- 310%&' ()- 10 10
10! Fy5z#10%&' ()-'E, ), 10%u& ()- @ -i dEr S4 10f MLO%& ()- 10% ()-
10% () - mLO%& ()- 10% ()- 10%& ()- E z dBr S4
Il s!-109KKKK& ()- @O% ()- 109& ()-F10%& ()- & 109& ()-

initiator 2,2'-azo-bis-isobutyronitrile (AIBN) (1.1 g) is added to perform an

overnight reaction at 70 °C, suBsequently tetrahydrofuran (20 mL) is added
therein. Next, the solution is transferred into a container containing hexane
(1L) to generate white precipitate. The precipitate is then dried by filtration

5 to obtain white powders (6.83 g), i.e., the formula (IV-1) polymer. The yield
is 63%. Weight-average molecular weight of the polymer measured with GPC
is 19,200, and glass transition temperature (Tg) is 121°C.

Application Example 3
10  Preparing a Photoresist Composition

The polymer of formula (I1I-1) (2 g) obtained from Application
Example 1, triphenylsulfonium perfluoro-1-butanesulfonate (TPS-PFBS)
(0.05 g), tert-butyl cholate (TBC) (0.06 g), propylene glycol monomethyl
ether acetate (PGMEA) (10.4 g) and N-(hydroxy methyl)piperidine (0.5 mg)

15 are mixed well and then filtered through a 0.45um filter. The filtrate is then
spread on a dry silicon piece by spinning to form a thin film.

The thin film is then dried at 130 °C for 90 seconds to obtain a 317.6
nm thick film. Next, the film is exposed to a DUV light source with a 193 nm
wavelength and 15-35 mj/cm?, and then heated on a thermoplate at 130°C for

20 90 seconds.

Next, the film is developed with tetramethyl ammonium hydroxide
(TMAH) aqueous solution (2.38 %), and then washed with deionized water,
and spin-dried. The exposed area shows a structure of resolution of 0.15pm
under the observation of scanning electronic microscopy (SEM).

25 These photoresist compositions produced by the compound of the

present invention can be applied to general lithography processes, and
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F 109 () - R${\ =r S4@ 109 ()- 3109 ()- 1 109 ()- |F- SH10%A

& ()-"1J1s!-10%& ()- @Kl s!-109888& () - @UAABCHSU =! VP Y10%4##& ()-![

Y100&' ()- 10%& ()- 10 10 10337910%& ()- (@O0%& ()- UM uzwUb_=3" y109%& ()-!
"3100& ()-3!! "310%& ()-3!fY Ss10%& () - F! P@OY%& ()-! @O%& ()-}[9 =!

9l L109& ()-!L 9! L10% V& ()-fYL0%& ()-!c3, 10900& ()-nF910% & ()- !

@O0%f& ()-"}7? =13, 5109 ()-+s109%& ()-)-109%& ()-G ! 109%& ()-!!

109& () - F109& ()-"W xnmbCl F109& ()- 10 10 10, ;

109 ()-5! 109& ()-s-!109& ()-+y109%& ()- T.udEnbC L109%& ()- | 109%& (

) -
10%: () - 1098 {3~ O f o t 9. (o 3Fi o () -
, 100& ()&pdéﬁc%ﬁ}&f@ﬁg{ﬁsgq%thég%@-ééfg%g&ﬁ’(§E-t§“€ M%B%ﬁ%%@ ()-&:
10% () -pHofdSoKifivity.
From the foregoing description, one skilled in the art can easily
ascertain the essential characteristics of this invention, and without departing
5 from the scope thereof, can make various changes and modifications of the

invention to adapt it to various usages and conditions. Thus, other

embodiments are also within the claims.
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3110%& ()-1 10%& ()- OFzzX6\ QF! L& 10%008 ()- & ; 109BB& ()-:!!

" 109% (& ()-:'u0 10%r& ()-:!9 10%@@& ()-: " S10%0& () - zX6\ QF!

- 10%008 ()-! @ 10%008 () - g! A@. 10%40HO8' ()- . 10%08 ()-F! 3. 10%008 ()-!

L& 10% O Q% () - &KrS4 1098& ()- Y 1098B& () -

1 $, #10%& ()-!0, #109BB& () - S109B& ()-° 1000 1000 1000W aBr S4

$109B&' ()-f! S#H109BB&' () - 109B& () - GLOYB&' ()- | 109B& ()- L10YB& ()- 6}7?rS4. f
1098B& () -

+ 109B& ()-Y! (1098B& ()-1(109B& ()-!O0L"109BB& ()- @ L" 1098B& () - @ZdYNC 10B
108 10B7, WigAR&Y L1 AMAUBRIS) - 3 109%B& ()- Y1 1098& ()-/: ! 109%B& ()- bCYNC@
109& ()- 109& ()-FOS 1109& ()- 0S !109%& ()-4109%& ()-

10% () - MPAEYNGY#AQKSEnpdud B9 FOIRSMFRG TorkANE(D) - | 109! () - @ 10%.& () - PV
WX6YNC! f>I , / $10%&' () - ! +10%& () -

@YL0% ()- ! BUWOWR2& RY-!1 T 10%& ()-1\ & 109& () - 3'

~&F109%& ()-° 10%& ()-° 10 10

' (())-! 11 1" #dE~ @f> "10% ()-  "10% & ()-°

10s: 109& ()-!al,
"109%& () - YL3
109& () -1 #109%& () -1 @FY& 3 - ##C3l $S$$$dB~_@ f >! Ny, * 10%&’ () - 3L' 10%&' () -
%L0%& ()-!109%&' ()- 10%&\ ()- &10%&' () - $$$$$% %\ =~_@ f 6f 10%&' () - YS10%&' () -
I N3* 109 ()-Z 3*109%&A) - Z

T3*109%& () - Z) ! N3* 10% _‘Va%%%%/&/&-&bcl fyl0% ()-F 110% ()-,

109 ()- S100& ()- 10 0s, ; 10% ( ) B aBbC! f 10%& () -
“109& ()-! D 109%& () - g;/'é) 10%& @h Ilo%&

"/ (7(o(dBbCl f!*1 )= ) 10%& () %10%&() # 109 ()- 1 10% ()-
1098 ()-o(s((((((((} TTFT0wWX4& ()- GLOYX& ()- 10 10

wherein:
R' is H, haloalkyl group or C;-C; alkyl group;
5 R?is hydroxyl, C,;-Cg alkoxy group or C,-Cjg thioalkyl group;

G is (CHy),, O or S, whereinnis 0, 1, 2, 3 or 4; and

mis 1,2 or3.
2. The compound of claim 1, wherein said R' is H or a methyl group.
3. The compound of claim 1, wherein said R* is hydroxyl, C;-C4

10 alkoxy group or thioalkyl group.

4. The compound of claim 1, wherein said m is 1.
5. The compound of claim 1, wherein said G is (CHy),, nis 0,1 or 2.
6. The compound of claim 1, wherein said Gis O or S.
7. The compound of claim 1, which is a compound of the following

15 formula (I-1).
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10s; 109%&' ()-!*109%&' ()-.. *10% & ()- ((((( )#)}[<}A2!f*109%K& () -
'1210%668&' () - 109X&' ()-!210%&' () - 109%i & ()-! L10%8$&" ()-#)*) 1) :
)D)Z)[)\)zXI<?! f 10XX 10XX! . 109XX& ()- 'c.10% p p& ()- ! 0.glO%K& () -
| . g1OY%XQXQE () - Sf, 109X& ()- \)]))).**+ uvr?! |, #10% () -

M 109& ()-"109%& ()- 109 ()-F 109%& ()- , 109%& ()-

10XX, V, Z, p, s, , , dE7?! | , #@ Y109%& ()- @ Y109& ()-1 - 109%& ()-!109%& () -
F109& ()-!109%& ()- ,,,-a-d-f-g-h-dH=2 10 10 y#L109%& ()- °;

109& () - YB#HL109& ()- 4109 ()- 3109 ()- " -10%& ()-h-i-..@|///uv72
101" 109& ()- &LO9%& ()- f109& ()- !109& ()- "109%& ()- !, 109%& ()-

10/ / 2000&1e1dE72 101 ' FREBO®R ()- | @#109%& ()-3! 109& ()- 109& ()- 109%& () -
MLOY&' ()- e11D2S222&3dE72 ¥ah f2 10%&' ()- sO 10% ()- .109%& ()-

Y, Z10% () - (! 109% 0 & 199@& () - 83e3333333D4xnbC 101" ! 10968 () -

o (I-1)
0

8. The compound of claim 1, which is a compound of the following
formula (I-2).
H

.,

H,cO O

(1-2)
o O

9. The compound of claim 1, which is a compound of the following
formula (I-3).

H
io
CHO O
O
© (-3)
5 10. The compound of claim 1, which is a compound of the following

formula (1-4).
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10 10 10': 10%& ()-8 109 ()- Y&6! 109%& ()- FAL0% ()- DAVA4455y55dENDC
©101 @O%E () - 10%3&' ()- "10%& ()-' ! 10%& () - - '
1098 () - @L10%C& () - 555555555 = 10! 109%b& ()--! 109008 ()--, 109%& ()- L
109& ()- 10G 10G 10G ,; 109%G& () -5676v666<7dE_= 10! Y"109& ()-' 109%& () -
109 ()- 109%& ()- GLOY ()- G3109& ()-<7 7778NMB_8aB = 10!l /- 109%& () -
~109&' ()- +z109%&' ()-*-109&' ()-! Y@10%=8& ()- Y@&10%4& ()- 8h8c8d8e8n8z888{\ =
10109@& ()- 109&& ()- ! 10%cé& ()-! 109@6Z6& ()- 10 10 10 ; 109 ()- 8888
9/ 929} 72{\ = 10 S)10%&& ()-$109&& ()- 3"109%&& ()- 109%Z& ()- !
S310%m& ()-!; S3109%&Z& ();— 298929999999dYNC

0

=

0]

(I-4)
0 0]
11. The compound of claim 1, which is a compound of the following

formula (I-5).

~,
ﬂ)S 0
é o :i o (I-5)

12. The compound of claim 1, which is a compound of the following

formula (I-6).

<

HO 0]

5 (1-6)
@)

5 13. The compound of claim 1, which is a compound of the following

formula (I-7).
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