RESISII' CQVPOSI TI ON CONTAI NI NG SPECI FI C CROSS- LI NKI NG AGENT qgo‘lgg&&wND
CFfTﬂE I NMENTI ON . ¢ This invention relates to a re§f@f§
conposition® - ‘containing a speci fic cross-linking agent useful in the
product i gy ofy sem conduct or. devi ces, etc., a process for 5 formng a
pattern‘usind the resist conposition, and a~ = cross-linking agent for a

negati ve working resi st mat eri al using ArF exciner |aser beans.
Recently, with an increase of integration of sem conduct or integrated
circuits, the mninumpattern in 10 the integrated circuits becones

subm cron order and this tendency is further advancing to nore

mni m zed one. |t pegysy ToMpYEFTAoN W@fiwub‘a%@%hﬁ%ct Eﬁ%g@'—iggx‘%ﬁs AGENT

| mport ant role in the formation ne patterns in t producti on

of sem conduct or gEIWEESUND 10F THE INVENTESNerally speaking, a resoiution
degree R of a resist in a reduced projective nethod is shown by the

equation of Rayleigh: R = kfleis |inVerdtien efdldds |td Sa aresist veompesithonf
| ight froman exposure source, NAis a nunerical ~aperture of a | ens,
and k is a procesontdiningtanspecitti¢ cxdsarkinking hgentjuesefim] in the
understood that in advance of m nim zation, the resol u- tion degree of
a resist can be iPRIMEEEPHrebHoFemiFRNdyctor deviiess a ¢%F er shoPXeress for

wavel ength of light fromthe exposure source is used.. By applyin
this, a? preséntﬁgorm{ng a pattern uéﬁng the resist compositgoanagd g

cross-linking agent for a negative working resist
material using ArF excimer laser beams.

Recently, with an increaseiéf integration of
semiconductor integrated circuits, tﬁe minimum pattern in

10 the-integréted circuits becomes submicron order and this
tendency is further advancing to more minimized one. It
is a photdlithography techniquenthat plays an important
role in the formation of fine patterns in the production
of semiconductor devices.

15 Generally speaking, a resolution degree R of a
resist in a reduced projective method is shown by the
equation of Rayleigh: R = keiA/NA (wherein A is a
wavelength of light from an exposure source, NA is a
numerical aperture of a lens, and k is a process

20 constant). As is clear from this equation, it is
understoéd that in advance of minimization, tﬁe resolu-

tion degree of a resist can be increased proportionally,

S e e

when a more shorténed'ﬁ%§é1éngth of light from the
exposure source is used. By applying this; at present,

25 an ultra LSI has been produced by an exposure technique



25 anéhltra LSI has been produced by an exposure techni que

-2- using i-line light (wavel ength of 365 nm and KrF exciner
| aser beans (wavel ength of 248 nm as an exposure source, and further
an expogure-t-echni que using ArF exciner |aser beans (wavel ength of 193 -

nm as an exposure source has 5 been deveTo%eﬁ in order to conply with

' . i Nis s z A ' | fo
pattern of subm SPAREOITIAHS L8R ARetongty of 363, nuli SN BrF fRrrinee
nore shortened lasewaﬁ%%ﬁQQR@a%@qgngzgd%&p2Q% 5?§g%fg@% @@%Aﬁﬂfﬁ“ﬁéﬁ%@é&

an. 10 area of vacuum UV, a resist u IS requi ave exc

transmttance agandstfukitheitunl expolude tRRhniquetRAty ArF HXcigid fiyddyer
to have excellent dry etching resi st ance. wever,” so far known resi st

materi al s have beamsu¢wazedehgth iof 1193t ni)e ss aowekipdsuales @dwitee gai nst
15 ArF exciner |aser beans and hardly transmt the | aser beans because
they contai n an bkesmradeyedopgdsdohoxder to gompdly witht stridlleddrther
resulting in failing to forma . fine pattern. Under such
a situation, resMiPLIMiEeHi Rrecesgingnt ai ning no aromatic ring, haviﬂg hi gh
transm ttance agai nst _ArF _exciner | aser beans and high dry etching
resi stance have beengdeveIJBeHF B&r tPnfexmc @ Pattiern of subgdcran grdex A

ST TS oo RS IRk 5B Shamonral B R S S
hi gh wavelength such as deep UV light and one belonging to an

10 area of vacuum UV, a resist used is required to have
excellent transmittance against the wavelength of the
exposure light and further to have.excellent dry etching
resistance. However, so far known resist materials have
such a defect in that they show high absorbance against

15 AxF excimer laser beams and hardly transmit the laser
beams because théy contain an aromatic ring such as
phenol in its molecule, resulting in failing to form a
fine pattern. |

Under such a situation, resist materials

20 containing no aromatic ring, having high transmittance
against ArF excimer laser beams and high dry etching
resistance have been developed. For instance, it is
reported in JP-A 9-73173 and JP-A 8-259626 that resist
materials wherein methacrylic acid is used as a base

25 resin and an alicyclic ring is introduced show high
transmittance and high dry etching resistance and thus
can form a fine pattern of 0.2 um or less. However, all

of these resist materials as mentioned above belong to a



transittance and hi gh dry etching resistance and thus can forma fine

pattern of 0.2 [err]mor |ess. However, all of these resist materials
as nentioned above belong to a - 3 -
positive type resist in which the part (or aEFa) exposed toalight is-
di ssol ved in"a devel opi ng sol ution. -2 7 . On the other hand, a

Levenson type p shyft, d, usj se.Q Lght _has been

devel oped in i-hﬁéglﬁgké FYBﬁtr??%ggg%ﬁpﬁ§9%§d€ﬁ§FP%§gih%? ?5?33 exposed

| i t hogr aphy té8SaaDight’ fsr 859514 chni LR [ with

m nim zation beyondathégreso ut?on ¥?%§t$§fgl?gﬁg;bgﬁﬁgnpgiae?gghnique S
considered to be applied absothe SeRefXKaR®] a LevbASSh LipBOSRABAYshift
However, the Levenson type phase 10 shift technique requites a negative
type resist proceeshod usbrgassphaseaost 1Ughtr Radf béenirakvaldpednnat ibe
applied to so far devel oped positive type resists.

Addi tional ly,5 soline kighh héthogvapbypand KrFrescimergiaseal Lythogpaphg as
a matrix polymer a resin 15 containing a benzene ring such as novol ac

resin and p®® yaR nyltpacresolntiant teahnhgueypn compbiancaswitbross-
| i nki ng agent. Further, a,resjst using an epox%.group . has been .
proposed as di scPEREMLEALYPR| Beyordnthg, resolption lipigcofspightyo Thige2,

0.1 1000). HoueVELnSiace B, ASuRRTORba ES. el ol i Ei S a8 e Sk Tt
because of its higgeﬁbff£ﬂ§8L$£ﬁ¥.tOHéWéQSffigﬁé Lgégﬁson type phase
10 shift technique requires a negative type resist process
because of a structure of a mask and cannot be applied to
so far déveloped positive type resists.
Additionally, so far known negative type
resists generally comprise as a matrix polymer a resin
15 containing a benzene ring such as novolac resin and
polyvinyl phenol and a triazine type compound as a cross-
linking agent. Further, a resist using an epoxy group
has been proposed as disclosed in Willard Conley, et él,
Proc. SPIE, vol. 1262, 49 (1990). However, since a
20 phenol resin is used as a matrix polymer, there is such a
defect in that ArF excimer laser beams cannot be used
because of its high absorbability to ArF excimer laser
beams.
As mentioned above, a combination of the ArF
25 excimer laser beams exposure technique with the Levenson
type phase shift method seems to be very effective for
the minimization, but there has been a problem in that no

negative type resist applicable thereto has been



beams ¥ As nentioned above, a conmbination of the ArF 25

exci mer | aser beans exposure technique with the Levenson type phase
shi £t nethod seens to be very effective for the m nimzation, but
there hgs been a probl em in that no neg%tlve type resist appl i cabl e

t heret o has been devel oped

JeL anAhis, 1© davaLbea Yae, Bk ehla D, Bisnstunt EBBConssern,sitobRly

5 the present inygphéQn has been acconplished to overcone the defects
of prior art. An object of the present inventionis to
provi de a novel resist conposition capable of giving a resist film

whi ch shows high transm ttance of deep UV 10 |ight having such a short
wavel ength as 22UMMARY OESYHE INVENUIENcel | ent etching resistance.and thus
can be applied to ArF excimer |aser |ithography using the Levenson
type phase shift met hUdderospchveiecamptanees &srméntibngdaabove,
pattern using this resist conposition and to provide a 15 novel

cross- i nki n% ageh® presentAirventienvbhasybeencscsemplishedt pi avercome

The present invention provides a resist conposi tion conpri sing
(a) an aI|B%%t¢%E§FE§IPfsBFbBFeaﬁBkyner

An object of the present invention is to
pfovide a novel resist composition capable of giving a
resist film which shows high transmittance of deep UV
10 1light having such a short wavelength as 220 nm or less
and excellent etching resistance and thus can be applied
to ArF excimer laser lithography using the Levenson type
phase shift method, to provide a process for forming a
pattern using this resist composition and to provide a
15 novel cross-linking agent for an ArF negative type resist
material. |
The present invention provides a resist

composition comprising

(a) an aliphatic alkali-soluble polymer,

20 (b) a compound represented by the following formula
(11, [2] or [3],
(c) a photo-sensitive compound which generates an

acid upon exposure to light, and
(d) a solvent capable of dissolving the above
25 components (a) to (c);
A,-T,-R!-T,-3, [1]

wherein R! is a divalent aliphatic hydrocarbon residue



20 (b) a conpound represented by the follow ng fornmula [1], [2]
or [3], (c) a photo-sensitive conpound whi ch generates an

aci gl upon exposure to light, and (d) a sol vent capabl e of
dISSO|VIng t he above 25 conponents (a) to (cy; :
Alerr]- T[err] Rlerr] -T[err]-Alerr] - [ 1] wherein R err]

di val I
5@ vl en ol paleh 5DV EEREALROR SahH0ne o 50-, o400~ aBy.
A d A
Lerr] and Alerrlogse; | RIGRENUENREK 3RaBbKIcHEYPan 21691 Yelh) One Of

nDre oxi rane rings; ah err are , -COO.
- OCO-, contalﬁiﬁ rbng[éfrhoﬁéebklrghérElné@erahd T, and T are
[2] | Tl e | Alerr] wherdin R2'%s
trival ent aI|phaindebgddgﬁalypn-oe$|doeo- ormhocb-gay contain at Ieast one
of -0, -CO, -COO and -OCO-; Alerr] to Alerr] are independently an
al kyl group containing one or nore oxirane rings; and T[err] to T[err]
are i ndependently, -O3A~ 'I;GB@-'D[-A-ZOCO, Alerr] |
T[err] | Alerr]-T[erd]-Rlerr]-T[err]-Alerr] | [2]
Tlerr] [?i
A;

5 wherein R? is a trivalent aliphatic hydrocarbon residue
which may contain at least one of -0-, ~-CO-, -COO- ;ﬁd
-0CO-; A, to A; are independently an alkyl group
containing one or more oxirane rings; and T, to T; are
independehtly, ~0-, -CO0- dr -0CO-~,

I

T,
3
Al-Tl—I'E -T;-A, 031
I4
A
'_10 wherein R is a tetravalent hydrocarbon residue which may
contain at least one of -0-, -CO-, -COO- and -0CO-; A; to
A, are independently an alkyl group containing one or more
oxirane rings; and T, to T, are independently, -0-, -COO-
or -0CO-.
15 The present invention also provides a process
for forming a pattern, which comprises
a step of applying a resist composition

described above to a substrate,



~
-

| Alerr] 10 wherein R3 is a tetraval ent hydrocarbon

resi due whi ch may contain at |east one of -O, -CO, -COO and -OCO ;
Alerr] to A4 are independently an al kyl group containing one or nore
oxirane.rings, and T[err] to T[err] are iang;qgently, -0, -COO or
-0CO-. 15 The present invention also provides a process for
formng a pattern, which cgmggepess subjecting Ehd' ¢@s3h t3RG LuBGtFates!d!
conposition descri bed above'to a substratég,

- 6- aheheptebatmeheChhAythba eapubuirad toURsighd! fak@ng aheat
treatnment and then exposure to |light having a wavel ength of 220 nm or

| ess through a meaitelength of 220 nmaost dpssf tHewveghpanmaske ahds treated
substrate 5 using a developing solution, if necessary, after baking

treat nent. The pretept of ndemellopihgr ther thusyitdeaiedr sabstrate

| i nki ng agent_for an ArF negative working resist material, conprising a
conpound represcRBéBghy dpweleoping| pewikdoner il aecepsary), @ftpz] baking
New}ﬂeHLNeH;TeHLAMH] [ 1] wherein R err],
Alerr], Alerr], YFeRHP®BRd T[err] are as defined above,

% g;” r[ err]-Rerr] T/[Af; ]r!‘}lé[ %E’:relsent invention flurther provide a CLZO]SS—

linking agent for an ArF negative working resist
material, comprising a compound represented by the
10 following formula [1], [2] or [3]:
A,-T,-R!-T,-a, 1]

wherein R!, A, A,, T, and T, are as defined above,

2
AT R-Ty2,

Ts
Ay

[2]

wherein R?, A, A,, A;, T,, T, and T, are as defined above,

[3]

wherein R3, A, Ay, Ay, A, T, T,, T; and T, are as defined
15 above.
The present invention still further provides a

compound represented by the formula:



wher ef’n Rlerr], Alerr], Alerr], Alerr], Tlerr], T[err] and T[err] are as
defined above, Alerr] | Tl[err] | Alerr]-T[err]-Rerr]-T[err]-Aerr] |
T[eer] | : Al err] wherein Rerr], Aerr

Alerr],, Tlenr], Tlerr], Tlerr] and T[err] ar%aas defi nbguisLs o e '
The present invention still further provides a~ co d meruABEBnt ed by
the formul a: -7- - 2 N | '
A[err]-T[err]-R[err]-T[errf"’-‘AT’erTr]Tz-Az| . 2 T[err]

| Alerr] T wherein R err], Aﬁegr], Alerr],
Alerr], T[err], T[err] and T[erqf are as defined above, except
for a case wherein R2 is Ay -CHerr]-CHCHerr]-;

each of T[err] to T[err] is -O; "and each of Alerr] to Alerr] is a glycidyl
group, and Rlerr] is a triol residue. 5 DESCRI PTI ON OF THE
PREFERRED EMBODI WheE8in R?, A, A,, A;, T, TJhengrPsae ias eehiredaovade
ext ensi ve study for reallzing the above-nentioned objects to
find that excepthéart Becasapwhadedn Rhel$ornula [1], [2] or [3] is
used as a cross-linking agent, a resist conposition show ng

10 high photo-transparencycﬁm? gngt h range of 220 nm or

| ess and capable of formng a fine negative type

each of T, to T, is -0-; and each of A, to A; is a glycidyl

group.

5 DESCRIPTION OF THE PREFERRED EMBODIMEﬁTS
The present inventors have made extensive study
for realizing the above-mentioned objects to find that
when the compound of the formula [1], [2] or [3] is used
as a cross-linking agent, a resist composition showing
10 high photo-transparency in a wavelength range of 220 nm
or less and capable of forming a fine negative type
pattern can be obtained, and have accomplished the
pfesent invention on the basis of this finding.
The resist composition of the present invention

15 comprises

(a) an aliphatic alkali-soluble polymer,
(b) a compound represented by the formula:
A,-T,-R!-T,-3, [1]

wherein R! is a divalent aliphatic hydrocarbon residue
20 which may contain at least one of -0-, -CO-, -COO- and

-0CO-; A; and A, are independently an alkyl group

This Sheet Has Been Replaced




pattefn can be obtai ned, and have acconplished the pr esent

I nvention on the basis of this finding. The resi st
conposition of the present invention 15 conpri ses (a)-
an aliphatic al kali-sol uble polyner, -8 - (b) a conpound

represent ed b& t he formul a:

Alerr]-Tlerr]-R EBﬁl:aIfﬁhﬁ] '“dﬁgehi-] more oxirane. &ggLJ;] and T, and, T ML N

Rl err]

is a divalent alip

atic hydrocarbon resi 207 WhTZh Tay

contain at |east;gaspehdeRtly,CQo-,- CEB0-28¢ -oco-, -CCO-; Alerr] and
Alerr] are independently an al kyl group

contai ning one or nore oxirane rings; and T[err] and T[err] are

i ndependent |y, ' :
Alerr]-T[err]-Rerr]-T[err]-Alerr] | [2] : [ 2]

-8-

-0, -COO Aaf-Pe88-T,-a,

Tlerr] | Alerr] Ty wherein R2 is a trivalent aliphatic
hydr ocar bon resi due which mdy contain at |east one of -O, -CO, -COO
and 5 -0OCO; Alerr] to Alerr] Agre independently an al kyl group

containing one or nore oxirane rings; and T[err] to T[err] are
| ndependent |y,

T[err]
[ 3]

10

15

_giérég§§%$?{ﬁiéﬁ%%i¢éiﬁq§_q%%phqtyﬁehyqroégggéi Lesidue |

whichThSQrLohtain at least oneAk%rL -, =-CO-, -COO- and
-0CO-; A, to A; are independently an alkyl group
containing one or more oxirane rings; and T, to T; are

independently, -0-, -COO- or -OCO-, or

| | [3]

wherein R? is a tetravalent hydrocarbon residﬁe which.may
contain at least one of -0-, -CO-, -COO- and -0CO-; A, to
A, are independently an alkyl group containing one or.more
oxirane rings; and T, to T, are independently, -0O-, -CO0-
or -0CO-,
(c) a photosensitive compound which genérates an
acid upon exposure to light, and
(d) a solvent capable of dissolving the above
components (a) to (c).

The aliphatic alkali-soluble polymer in this

invention means alkali-soluble polymers containing



whereifn R3 is a tetraval ent hydrocarbon residue which may contain at

| east one of -O, -CO, -COO and -OCO-; Alerr] to 10 A4 are

i ndependently an al kyl group containing one or nore oxirane rings; and
Tl[err] to TLerr] are independently, -0, -CII; or -0OCO, (c) a -
phot osensi tive conpound whi ch generates an ™~ “ Tcid upon exposure to |ight,

and 15 d ; I L SsQlvi .t he, abov comonent s
(3 to(cy. ~ SoBehKERRITFNAR RrBhalyR Grhdihy Bl BT mer, HRAA:

i nvention means al kal i -sol ghl ehBOk¥PRE$aCPRhd RINPs a divaldit aliphatic
substantially no aromatic group in the po?y r charn.. P Fn t he

formula [1], R ehydirbsagbéhvabgidual wRighi flay conf¥dhoadr h@@stedhdugsihi ch
may contain at |east one of -0, -CO, COO and -0OCO, said dival ent
aliphatic 5 hyd0egar00R,r esD0Heandcl-0doRy 8aYdOoHivhlanghalsphiared,

branched and cyclic ones. The straight chai ned and branched
di val ent 5 al hpdgocarhgur veaidve imsludéngnahydef stealighitnghainhedq
carbon atons. Exanples of such groups are a nethylene 10 group, an
et hyl i dene groupPranghedecandneyalig| onesup, a propyl i dene group, a
1, 2- propane-di -yl group, a_1, 3- . ropane-di -yl group, an isopropylidene
group, a butyl i dene gFBEpStaaigbticpaiaed; apd gFEHEbeé divajengne-
di -yl group, a 1_4:hut ne-gi- | group, a 2-nethyl-1,2- 15 rQpane-di -yl
group, a 2-nethy?fi?§§€+8p ¥g¥89g§$oﬁrgﬁﬁfdue Ihcluass ona hgv1gg 1 to®
carbon atoms. Examples of such groups are a methylene
10 group, an ethylidene group, a 1,2-ethane-di-yl group, a
propylidene group, a 1,2-propane-di-yl group, a 1,3~
propane-di-yl group, an isopropylidene group, a
butylidene group, a 1,2-butane-di-yl group, a 1,3-~butane-
di-yl group, a 1l,4-butane-di-yl group, a 2-methyl-1,2-
15 propane-di-yl group, a 2-methyl-1,3-propane-di-yl group,
a pentylidene group, a 1,2-pentane-di-yl group, a 1,4-
pentane-di-yl group, a 1,5-pentane-di-yl group, a 2,3~
pentane-di-yl group, a 2,4-pentane-di-yl group, a 2-
methyl-1,2-butane-di-yl group, a 2-methyl-1,3-butane-di-
20 yl group, a 2-methyl-1,4-butane-di-yl group, a 2-methyl-
1,5-butane~-di-yl group, a 2-methyl-2,3-butane-di-yl
group, a 2-methyl-2,4-butane-di-yl group, a 2,2-dimethyl-
1,3-propane-di-yl group, a heyxlidene group, a 1,2-
hexane-di-yl group, a 1,3-hexane-di-yl group, a 1,4~
25 hexane-di-yl group, a 1,5-hexane-di-yl group, a 1,6-
hexane-di-yl group, a 2,3-hexane-di-yl group, a 2,4-

hexane-di-yl group, a 3,4-hexane-di-yl group, etc. Among

them, those having 1 to 4 carbon atoms are preferable.



a penfylidene group, a 1,2-pentane-di-yl group, a 1,4- pent ane-di -yl

group, a 1,5-pentane-di-yl group, a 2, 3- pent ane-di -yl group, a

2, 4= pent ane-di -yl group, a 2- met hyl - 1, 2- but ane-di -yl group, a

2-met hyl.- 1, 3;butane-di- 20 vyl group, a 2- ggbhyl-1,4-butane-di-yl group, a-
2- met hyl - 1, 5-butane-di -yl group, a 2- hyl - 2, 3- but ane- di -yl

group, a 2-methyl -2, 4-but agp édb¥¥g i8' 8Y9a18ne Q}QQHEEQX throcar on,,

1, 3-propane-di -yl group, a heyxfidene group, xane-

group, a 1, 3- hexﬁé@ldheYhnllﬁéé oAelhdvingd3 ESX@”EaQboﬂlaQ6ﬂgp1 %xa les
1, 5- hexane-di -yl group, a 1, hexané-di -yl group, a 2, 3-hexane- 8

group, a 2,4- of haxhngrdupslagéoapl a-ayélb?xaganaLdyLygrgg@u eta. 1Agnng
t hem t hose having 1 to 4 carbon atons are preferable - EO-

The cyclic dival eyelabupane+dinylirgranpena 1,3-cgsildbatanel-ddeydngrbapi,ng 3
to 7 carbon atons. Exanples of such groups are a

1, 2- cycloproéhneld???YngﬁnﬁptaaeidQ-Yl grogpe| ablt dneydilopenganepdiayl

1, 3-cycl obut ane-di - XI grou 1, 2-cycl opent ane-di -yl grou a '

1, 3- cycl opent ane9EPYRr 2 2gFﬁﬁb°hﬁx§n§‘€ch h@XaRe- d@- ¥ 3gF¥e ohgxane-

1, 3-cycl ohexane- xan ' group2 al,?2-

cycl ohept ane- di -9+~ %}035°X3r %EFXH%ﬁ?ﬁ%gL§PS§FY$rS%S¥P'
L oy oo s oBeatB-orL 1 G805, RSO on s WEATRY,
T, NOLrtseberongsLig. sony B! o2 oa, w5
10 having 5 to 7 carbon are preferable. -
Specific examples of the divalent aliphatic
hydrocarbon residue containing at least one of -0-, -CO-,
-C00- and -0CO- are those containing 1 to 5, preferably 1
to 3 -CO-, -COO- and/or -0CO- groups therein. Examples

15 of such groups are shown by the following formulae [4] to

[10]:

-Q;-0-0;- 4]
-0,-0-0,-0-Q; - [5]
-Q,-0C0-Q, - | [6]
-Q,-C0-Q,~ [71]
-Ql_coo'-Ql-o-Ql—OCO-Ql- [8]
~-Q,-0C0-Q,~0-Q, -CO0-Q, - [9]
-Q,-0-Q,-C0-0,~0-0, - [10]

wherein Q, is a divalent aliphatic hydrocarbon residue.
The divalent aliphatic hydrocarbon residue

shown by Q, in the formulae [4] to [10] has the same



to 3 -CO, -COO and/or -0OCO groups therein. Exanples 15 of such groups

are shown by the followng fornulae [4] to [ 10] :
- QL O Q- [4] -QL-0 -0 Q-
[5] .. +;  -QL-0CO Q- _ 11 L6l
i§¥-CI}Cﬂ- [ 7] QL- COO- Q1- O QL- OCO- Q1L-

= = ~' = - s 1 s
-QLl-O0 Q1-CO Q- foeQa:LI-lggqu}T %%t%@]av\ﬁbﬁ%‘r’eei ﬁé%"%“% 8?Vl§.| ent %}f? phati c
hydr ocar bon resifbemula [1]. The dival ent- aliphatic hydrocarbon
resi due shown by QL in the formulae [4] to [10] has the sane
nmeani ng as one nentioned aphyetrEv&léntlalPpihdtid h{@rocarbbfl #ukadhé] in
The trivalent aliphatic hydrocarbon residue in the trivalent aliphatic
hydr ocar bon resithe whivaleny abiplatic rhpdrbeasbonngesidud whi€h mayCOO-
and -OCO-, which s showmn by R2 in the formula [2], may be any of
strai ght 5 chegemain batinkéast aone c9f| +@-pne€0-, -COO- and -OCThe which
strai ght chai ned, and branched, trival ent al i phati c hydrocarbon residue

i ncl udes one havtfhgehow® BY BD igaithen farawda Bdhpmay d1e ansh of dipepight a
2 propyl i dyne oroibiaed o Brenehel a9 Buelie FheR e 1 0
| The straight chained and branched trivalent
aliphatic hydrocarbon residue includes one having 1 to 6

10 carbon atoms. Examples.of such groups are a methine

| group, an ethylidyne group, a l-ethanyl-2-ylidene group,
a propylidyne group, a 2-propanyl-3-ylidene group, a 1-
propanyl-3-ylidene group, a l-propanyl-2-ylidene group, a
1l,2,3-propane-tri-yl group, a butylidyne group, a 3-

15 butanyl-4-ylidene group, a 2-butanyl-4-ylidene group, a
l-butanyl-4-ylidene group, a l-butanyl-2-ylidene group, a
1,2,3—butan-tri—yl.group, a 1,2,4-butane-tri-yl group, a
2-butanyl-3-ylidene group, a l-butanyl-3-ylidene groub, a
2-methylpropylidine group, a 2-methyl-2-propanyl-l1-

20 ylidene group, a Z;methyl—l,2,3-propane-tri-y1 group, a
2-methyl-1,3,1’-propane-tri-yl group, a pentylidyne
group, a 4-pentanyl-5-ylidene group, a 3-pentanyl-5-
ylidene group, a 2-pentanyl-5-ylidene group, a 1-
pentanyl-5-ylidene group, a l-pentanyl-2-ylidene group, a

25 1,2,3-pentane-tri—yl_group, a 1,2,4-pentane-tri-yl group,
a 1,2,5-pentane-tri-yl group; a 1-pentaﬁyl—3—ylidene

' group, a 1,3,4-pentane-tri-yl group, a 1,3,5-pentane-tri-

vyl group, a 3-pentanyl-4-ylidene group, a 2-pentanyl-4-



propanyl - 3-yl i dene group, a 1-propanyl-2-ylidene group, a
1,2,3-propane-tri-yl group, a butylidyne group, a 3- 15 butanyl-4-ylidene

group, a 2-butanyl-4-ylidene group, a 1- but anyl - 4-yl i dene group, a
1- but anyl - 2-yl i dene group, a 1,2,3-butagstri-yl group, a
1,2, 4-butane-tri-yl group, a 2-but anyl- 3%y[li dene group, a

1-but anyl - 3-yl i " 2. r gpyhis di , _
2 et hyl - 2 pr opetfadhe Brop; o 12pBREAKILAOVIHCAG GEBHBY 8 20 i)

group, a 2- pehBdhyl-3-¥1186A8288chp), - 4| 20hB¥RY1BuRG L YHihdY ,
group, a 4-penta%§l-5-§lide%e group? g g-pentanyl-g; uky yPPde%gcgfbug, a

Lpnian 2 mectuariadaylhoapsoben o dseogtanstany.
e e oy deosbecue ¢ vshptadebecanpye-glidpnesoror,
1,3, 5-pent ané t r¢=methylyl-butapylaS3sypidensygroup,i dedemgtbyp-1a2, 3~
R oeapotpi-tizeeous, gt 34t amgeban il P
4 motyl -5 but angret’ 8 aSperhuh3Putiny -4 N gne UEGERRy A Sudh done
r Tbut ane- tri -yi SEhS¥hr aPUbRLYbymaTbL0GR, B 2.8, AupelRYEY prfodng: -a-
S
2, 2- di et hyl1ol, 3g2oup| ORaRExyLidyhe §Poupl OHP5-RekENYhLELYE iAEARP grBup, a

5- hexanyl - 6-yl i dene group, a _

4-hexanyl-6-ylidene group, a 3-hexanyl-6-ylidene group, a
2-hexanyl-6-ylidene group, a l-hexanyl-6-ylidene group, a
1,2,3~-hexane~tri-yl group, a 1,2,4-hexane-tri-jl group, a
1,2,5-hexane-tri-yl group, a 1,2,6-hexane-tri-yl group, a

15 1-hexanyl-3-ylidene group, a 1,3,4-hexane-tri-yl group, a
1,3,5-hexane-tri-yl group, a 1,3,6-hexane-tri-yl group, a
4-hexany1-5;ylidene group,.a 3-hexanyl-5-ylidene group, a
2-hexanyl-5-ylidene group, a 1-hexany;-5-ylidene groué, a
2-hexanyl-3-ylidene group, a 2,3,4-hexane-tri-yl group, a

20. 2,3,5~-hexane-tri-yl group, a 2,3,6-hexane-tri-yl group, a
3-hexanyl-4-ylidene group, a 2-hexanyl-4-ylidene group, a
l-hexanyl-4-ylidene group, etc. Among them, those having
1l to 4 carbon atoms are preferable.

The cyclic trivalent aliphatic hydrocarbon

25 residue includes one having 3 to 7 carbon.atoms.
Examples of such groups are a 1,2,3-cyclo§ropane-tri-yl
group, a 1,2,3-cyclobutane-tri-yl group, a 1,2,3-

cyclopentane-tri-yl group, a 1,2,4-cyclopentane-tri-yl



4- hexanyl - 6-yl i dene group, a 3-hexanyl-6-ylidene group, a
2- hexanyl - 6-yl i dene group, a 1-hexanyl-6-ylidene group, a
1, 2, 3-hexane-tri-yl group, a 1,2, 4-hexane-tri - yI group, a
1,2,5-hexane;tri-yl group, a 1,2, 6-hexane-tri- group, a
1- hexanyl - 3-yl i dene group, a 1, 3, 4- hexane- rritd yF group, a
1, 3, 5- hexane-tri p g

4- hexanyl - 5- ylldg¥bugfoﬁp} 2 % ﬁggéﬁﬁéﬂgﬁ g 1 %%ég?' al,2.4-

2- hexanyl - 5-yl i dgpg18h84Rnedt+1 DEXa yLi depesq -tri-
2- hexanyl - 3- ylldgge group?ea 5 91 ﬁgggﬁe %r? 3I59F Eg?hgxa?g tri-yl

2, 3, 5- hexane-trigybufl 04p1,3, —éyélbﬁéﬂaﬁettt1¥&lgbQBﬂp,aa 1,2,3-
3- hexanyl - 4- ylldene group, a 2-hexanyl-4-ylidene group, a
1- hexanyl - 4-yl i depelgheppaneteriAgbngrblipy at tnoae:thayt:mgheptanb-ttm&l-yaar bon

15

atons are preferable. The cyclic trivalent aliphatic
hydrocarbon P5 greupdue Lp2l bdeycdobephanegtfitygl7granbonaatlqids 4-

Exanpl es of such groups are a 1,2, 3-cycl opropane-tri-yl group,
1, 2, 3-cycl obut aneyeip ?PtgnéubrlaYl grgup, a layaﬁosyﬁﬂah@pﬁamewtr , a
1,2,4 cycl opentane-tri - group, a
1,2, 3- cyclohexanSrPPPlyFtﬁroubm°ﬁglt§eﬂl thosEyBPUhéﬁaﬁetPrﬂ FPrﬁpﬁuﬁtQQS
1, 2, 5-cycl ohexane-tri E roup, a 1, 3, 5-cycl ohexane-tri -yl group, a
1,2, 3- cycloﬁﬁﬁtgﬁé BFRPIE-group, a 1,2, 4-cycl ohept ane-tri - group,
a 1, 2,5-cycl oheptane-tri-y C roup,
a 1, 3,5-cycl oheptane-tri - %ngQEEc gx;m§§és RﬁDEégt%%W]B?%OSGEha ng to 7
carbon atoms g hydrocarbon residue containing at least one of -0-, -CO-,

-CO00- and -OCO- are those containing'l to 5, preferably 1
to 3 groups selected from -CO-, -COO- and -0OCO- groups
therein. Examples of the groups are shown by the

following formulae [11] to [17].

-Q,-0-0,-0-0Q, - [11]
5
;
Il1
-Q,-C0-Q,-C0-Q;~ [12]
co



are preferable.
10 hydrocarbon residue containing at
-OCO are those containing 1 to 5, preferably 1
from-CO, 000 and -OCO groups t her ei N

shown by the following fornulae [11] to [fﬂf

-Ql- O @-O Q- -Q,-Cbdlb. -0-0,-0-0,-0CO-
- Ql- CO- Q- CO- Q- “ CF?z})‘IO F20-0,-0c0 o
- Ql- GO0 QL- O - Ql- CCO- Q-

| - 14 -
I 8 | CO| QA | - QL- COO- QAL- CO- 2- QO Q1- OCO- Q-

RRR

- CO,
to 3 groups selected
Exanpl es of the groups are

Q0 |

-Ql-oco-Ql-co-clzz-co-ol-coo-ql-

co
0
o
|
I
|

0
%

Specific exanples of the trivalent aliphatic
| east one of -0,

-COO- and

[13] O
[13] | O]

[14] | CO|

[14]

[15]

[16]



| CO1 QA | -Q1-0CO Ql- O Q-0 QL- GO0 Ql- [15] | O] Q| CO
| O @ | -Qi-00O QL- CO - CO Ql- COO QI- [16] | CO| QI | CO
Ol QL | -Q-06- Q-0 -0 Q-0 Ql- [17] |

O] Q.| O] QA | wherein Q2 is.a trivalent

al i phatic hydrocarbon resi due; and QL i § 429 defined above.

10

15

20

—QI—O*QI‘O‘QZ-o-Ql-O"Q]_' [ 17 ]

—O—0—O—O0—

wherein Q, is a trivalent aliphatic hydrocarbon residue;

and Q, is as defined above.

The trivalent aliphatic hydrocarbon residue
shown by Q, in the formulae [11] to [17] has the same
meaning as one mentioned above referring to R? in the
formula [2].

The tetravalent aliphatic hydrocarbon residue
in the tetravalent aliphatic hydrocarbon residue which
may contain at least one of -0-, -CO-, -COO- and
-0CO-, which is shown by R} in the formula [3], may be any
of straight chained, branched and cyclic ones.

The straight chained and branched tetravelent
aliphatic hydrocarbon residue includes one having 1 to 8
carbon atoms. Examples of such groups are a carbon atom,
an ethane-di-ylidene group, a l-ethanyl-2-ylidyne group,
a propane-di-ylidene group, a l-propanyl-3-ylidyne group,
a 1,2-propane-di-yl-3-ylidene group, a 1,3-propane-di-yl-
2-ylidene group, a butane-di-ylidene group, a 1,2-butane-
di-yl-4~ylidene group, a 1,4-butane-di-yl-2-ylidene
group, a 1,2,3,4-buténe—tetra-yl group, a 2-methyl-

1,2,3,1'-propane-tetra-yl group, a pentane-di-ylidene



The ttival ent aliphatic hydrocarbon residue shown by Q@ in the fornul ae
[11] to [17] has the sanme 5 neaning as one nentioned above referring to R2

in4he formula [2]. The tetraval ent aliphatic hydrocarbon
resi due . .i;n the tetraval ent aliphatic hydrgcarbon resi due which may
contain at least one of -O, -CO, -COO andl®1D -0CO, which is shown by

R3 i he f I , f i gh hai ned. b d d
Cyclic ones. | deouds I SSpBiane-oloy oot kRAnRe ORGP  of, AucTont

l'i phatic hyd ' ' [ 1 :
Bxanp s of Sucreo cune o V£ 4aF biiee (RFoufy| A0 ppficdn -5 EiEng 00

a 1-ethany|-2-Y!¢ﬂ8ﬂ§,géOPPZ,3,4-§eﬂf&ﬂéﬂﬁe€taﬁ&1d?ﬁ@uﬁrQHD1,§,3,5-

1- propanyl - 3-yl i dyne group, a 1, 2-propane-di -y -3-yf|dene group, a

1, 3- propane-di - ypentane2tytraepr grouwp, & PuhetRyl-iyb|denebgtana-tétra-
1, 2- but ane- di -yl -4-ylidene group, a 1, 4-butane-di-yl-2-ylidene 20
group, a 1,233, 4ybugroep} ear 2-méthybed, 2 a3 21 hebhpane-tetra-yl group, a 2-
1,2,3,1" -propane-tetra-yl group, a pentane-di-ylidene

- 16- group, matl}ys%em 4nk! dbutane-tetrenyl ggsopp, a2 1252-dimethyl -
pent ane-di -yl -3-yljdene_group, a 1-pentanyl-5-ylidyne 8[0uﬁk a

1,2, 3, 4- pent ane-tefr i’ yl "gPEOPAN@-tebra-yl groupycathasaperdi-ylidesap, a
2-nmethyl -1, 2,3,4-butane-tetgra- 5 yl .gro a. .

> methyl - 1.2, 3. 19T8WPard- L ePTaeyAngratipy 52 v idene group, a 1,6-hexane-

nethyl-1,2,4,1'-3¥£§f§3£§i£§éxé JE34B; & féﬁéggﬂ§ibgL§lidyne group, a
10 1,2,3,4-hexane-tetra-yl group, a 1,2,3,5-hexane-tetra-yl
group, a 1,2,3,6-hexane~tetra-yl group, al,2,4,5-hexane-
tetra-yl group, etc. Among them, those having 4 to 7
carbon atoms are preferable;
The cyclic tetravelent aliphatic hydrocarbon
15 residue includes one having 3 to 7 carbon atoms.
Examples of such groups are a 1,2,3,4-cyclobutan~tetra-yl
group, a 1,2,3,4-cyclopentane-tetra-yl group, a 1,2,3,4-
cyclohexane-ietra-yl group, a 1,2,3,5-cyclohexane~tetra-
yl group, a 1,4-cyclohexane-di-yl-2-ylidene group, a 1,3-
20 cyclohexane-di-yl-5-ylidene group, a 1,2,3,4-
cycloheptane-tetra-yl group, a 1,2,4,5-cycloheptane-
tetra-yl group, a 1,2,3,5-cycloheptane-tetra-yl group, a
1,2,4,6-cycloheptane-tetra-yl group, a 1,3-cycloheptane-
di-yl-5-ylidene group, a 1,2-éycloheptane-di-yl-4-ylidene
25 group, etc. Among them, those having 5 to 7 carbon atoms
are preferable.
Specific examples of the tetravalent aliphatic

hydrocarbon residue containing at least one of -0-, -CO-,



1 -propane-tetra-yl group, a hexane-di-ylidene group, a
hexane di -yl -2-ylidene group, a 1, 6-hexane- di -yl -3-ylidene group,
hexanyl - 6-yl i dyne group, a 10 1, 2,3,4-hexane-tetra-yl group, a
, 3, 5-.hexane-tetra-yl group, a 1,2, 3n8 hexane-tetra-yl group, a
4, 5- hexane- tetra-yl group, etc Hg then1 those having 4 to 7
bon atons are fecahl e { I8

E 8 g =0CO~ are tpgggécoﬁg q & 5 ?f%? rabl

phati c hydrocar residue i nc one having 3 to on at nB
Exanpl es of suchegr gun@oar e _gob-2add7oty Coeput @&oh%%r "%h)élreln. HQD 1A
1, 2, 3, 4-cycl opent ane- tetra- yl group, a 1,2,3,4 cycl ohexane-tetra-yl

group, a 1,2, 3, Sofyehehgxaupst areashown byl theo¥pllawing formulae [18] to
1, 4- cyclohexane di -yl -2-ylidene group, a 1,3- 20

1,3
1, 6-
a l=
1,2
1,2,
car
al i

a
I

cycl ohexane-di - y[f239yl i dene group, a 1, 2, 3, 4- cycl ohept ane-tet:ra-yl
group, a 1, 2,4,5-cycl ohept ane- tetra-yl group, a

1,2,3,5-cycl oheptane-tetra-yl group, a 1, 2, 4, 6-cycl ohept ane- tetra- yl
group, a 1, 3-cycl ohept ane- Hl-yl 5-ylidene group, a

1, 2-cycl ohept ane-di -yl - 4-yl i deneR; 25 group, etc. Anpng them those having 5
to 7 carbon atons are prefe}able Speci fic exanpl es of
the tetraval ent aliphatic drocarbon resi due containing at | east one

of -0, -CO, ?g;) and -OCO are t containing 1
to 5, preferably 1 to 3 - thla; d/ or -OCO groupsqﬁﬁgrein. Exanpl es
of the groups are shomn by the f Ilomnng fornulae [18] to [23]:

Ql
|

-Q,-0-0;-0-Q,- [19]



[ 20]

[ 18]

- 18 -

[20]

[21]



Q °~ | A| O] O] A | O] -Q-0CO Q-0 @B-0 Ql-COo QL-
QA | CO | -19- | QA | O | QA | CO|

| |
QJ:-OlQl-COQB-COQl-OQl- [22] | CO | Q| o] QL
S - 19 -

0

—Q—0— 00— —

-Ql-o-Ql—co-?B-co_-Ql-o-Ql- | [22]

-QI-O'QI‘O"Q3"O"Q1‘O"Q1- [ 23 1

—0—0—0—O0—
—

wherein Q; is a tetravalent aliphatic hydrocarbon residue;
and Q, is as defined above.
The tetravalent aliphatic hydrocarbon residue
shown by Q; in the formulae [18] to [23] has the same
5 meaning as one mentioned above referring to R® in the

formula [3].



o] ~ Q| O] -QA-0QA-O0®W-O0QA-0Q-  [23] | O} QL

wherein B is a tetraval ent aliphatic hydrocarbon residue; and QL is as

defi ned above. The tetraval ent aliphatic hydrocarbon residue shown by
@B in . the farnmulae [18] to [23] has the sanEZOS meani ng as one nenti oned
above referring to R3 in the formula [3].7 -

;ﬁghn by Al and AZTPﬁ ?Lgy#%ggﬁgggfqu§+§ingggg%gégnggg %%I%éggnofﬁgghggs
formulae (2] andeifgs SRGushoyra Pl ANihMene olRlmHba hil cbnsbydesneng

containing 1 to 3 oXirane rings rm nal position

internal positiopgsi, in theerREmulbege pldad [WOURMd MHAMEE by A, in the

strai ght - chai ned, branched and cyclic. Among these alkyl grodps, a
cycl oal kyl groupformtbanj 4y bneladesDore 0xofeAEnih§IS 6 3 oxPE&HE2bhEs

Exanpl es of such al kyl groups are those 10 represented by the fornul a:

[err] 5 at terminal position(s) and/or_at internal position(s)
thereof. These alkyl groups include straight-chained,
branched and cyclic. Among these alkyl groups, a
cycloalkyl group containing one or more oxirane rings is

preferable. Examples of such alkyl groups are those

10 represented by the formula:

: \ ,
\Ez /b J H [24]
n

wherein E;, and E, are independently a lower alkylene
group; a and b are independently 0 or 1; and n is 1 to 3,

or by the formula:

(23]
(CHly 0
wherein y is 3 to 5.
15 The lower alkylene group shown by E, and E, in

the formula [24] may be straight-chained or branched,

including one preferably having 1 to 6 cérbon atoms;

Examples of these alkylene groups are a methylene group,

an ethylene group, a propylene group, a butylene group, a
20 2-methylpropylene group, a pentylene group, a 2,2-

dimethylpropylene group, a 2-ethylpropylene group, a

Py



wherein E1 and E2 are I ndependently a | ower al kyl ene group; a and b are

I ndependently O or 1; and nis 1 to 3, or by the fornmula: [err] :
whereiny is 3to 5. 15 The | ower al kyl ene group shown by E1 and
E2 in.. the fornula [24] may be straight_chai ned or branched, ;
i ncl uding one preferably having 1 to 6 carbon atons. Exanpl es of these
al kyl ene groups négyaeﬁataybagg aeeup, an et hyl ene group, a propyl ene
group, a butylene group, a . 20 2-nethyl propyl ene group, a pentyl ene group,

a 2,2- di met hyl propyl ®he gpecpfia 2xaimpllepr ofythecagk@ipgraup

-21- hexyl ene group, etc. The specific exanples of the
al kyl group cenhainhnggonaeconr mopecoriraare ringgs represeattdd biyy thiee

formula [ 24] are_an epoxy ethyl group, a 2,3-egoxy propyl 5 group (a
gl yci dyl group), farpu aeé@%ﬂ pHeyRANgPBABY 8tBY4- group,epoRy 3beppkygpropyla

aroup. a2 35 49808b" (a gl  pREYR) or BuB SxORORYLBERY L ERPRBYr BuBs i
3, 4- epoxy Q8é¥§ Hﬁ%%?’g%oﬁp?’§p8§¥-ggé¥§ 8%8%91 grghg2e20§¥4-epoxy

pentyl group, a 4,5-epoxy pentyl group, a 2,3-, 4,5~
diepoxy pentyl group, a 2,3-epoxy hexyl group, a 3,4-
epoxy hexyl group, a 4,5-epoxy hexyl group, a 5,6-epoxy

10 hexyl group, a 2,3-, 4,5-diepoxy hexyl group, a 2,3-,
5,6-diepoxy hexyi group, .a 3,4-, 5,6-diepoxy hexyl group,
a 2,3-epoxy heptyl group, a 3,4-epoxy heptyl group, a
4,5-epoxy heptyl group, a 5,6-epoxy héptyl group, a 6,7~
epoxy heptyl group, a 2,3-, 4,5-diepoxy heptyl group, a

15 2,3-, 5,6-diepoxy heptyl group, a 2,3-, 6,7-diepoxy
heptyl group, a 3,4-, 5,6-diepoxy heptyl éroup, a 3,4-,
6,7-diepoxy heptyllgroup, a 2,3-, 4,5-, 6,7-triepoxy
heptyl group, a'l-ﬁethyl-2,3-epoxy propyl group, a 2-
methyl-2,3-epoxy propyl group, a l-methyl-2,3-epoxy butyl

20 group, a 3-methyl-3,4-epoxy butyl group, a l-methyl-2,3-
epoxy pentyl group, a l-methyl-4,5-epoxy pentyl group, a
2-methyl-2, 3-epoxy péntyl group, a 2-methyl-4,5-epoxy
pentyl group, a 3-methyl-3,4-epoxy pentyl group, a 4-
methyl-2,3;epoxj pentyl group, a 4-methyl-3,4-epoxy

25 pentyl group, a 4-methyl-4,5-epoxy pentyl group, a 1-
methyl-2,3-epoxy hexyl group, a 2-methyl-3,4-epoxy hexyl
group, a 2-methyl-5,6-epoxy hexyl group, a 3-methyl-5,6-
epoxy hexyl group, a 4-methyl-2,3-epoxy hexyl group, a 4-



10 hexyl group, a 2,3-, 4,5-diepoxy hexyl group, a 2, 3-, 5, 6- di epoxy
hexyl group, a 3,4-, 5, 6-diepoxy hexyl group, a 2, 3-epoxy heptyl

greup, a 3,4-epoxy heptyl group, a 4, 5-epoxy heptyl group, a 5, 6-epoxy
heptyl, group, a 6,7- epoxy heptyl groupzza 2,3-, 4,5-di epoxy heptyl
group, a 15 2,3-, 5,6-diepoxy heptyl grouUp¢<a~2,3-, 6,7-di epoxy

heptyl group, a S 6z dj vy hepty rQup 3.4 0 _6, 7-di epoxy
heBtzl group, a.§?€§¥14?5§,é§$8§t?$§g%xérgup' %egtv?t8¥5u5f3a’ Z'g

1-net hyl -2, 3-ep y. p - - L»2a3- epoxy 5 a
Lot hy1 -2, 3- eponcBoRpTbeBEPLRerBus; 4 2 ndEhiy e TR P EBEKy BeRth
1- met hyl - 2, 3- grogppxgteentyl group, a 1-nethyl-4,5-epoxy pentyl group, a
2-met hyl - 2, 3- epoxy pentyl group, a 2-nmethyl -4, 5-epoxy pentyl group, a
3-met hyl - 3, 4-epoxy pentyl Theugpedific exampRéBybf2tRecadkylpgibyub :group, a
4- et hyl - 3, 4-epoxy 25 pentyl group, a 4-nethyl-4,5-epoxy pentyl group, a

1- met hyd - 2cGntpiningeoné or anpreaofinahbéyrifgd- eppxgsbnxgd by the
group, a 2-nethyl -5, 6-epoxy hexyl group, a 3-nethyl-5, 6- epoxy hexyl
group, a 4-met hnyJZI,TlQl@pb?(glh@R?Iag2o3,|p$P‘ax¥-CY<11°Pentyl group, a 3,4~

-22- nmet hyl -5, 6-e oxgohele group, a 1l-nmethyl-2,3-, 4,5- di epoxy
pentyl group, a SPPEYhGYS2oRentylsgrpPuBox§ Bedr§POXY cygieh§§Yéteroup. a

fingsr epr esent b By O¥elolteyl rBup, o s SemoRRoRyoRPbeBRE Y|
group. a 3,4 groGROXY §YELOPSRYYLy QI SHBpt1 2 RoB0%Y §Y6LERSKY 9roup. a
10 dicycloheptyl group, etc.

The cross-linking agent for -ArF negative resist
material of the present invention represented by the
formulae [1] to [{3] can be obtained, for example, by the
following preparation methods (a) to (c).

15 Method (a):

The desired compound can be obtained by
reacting a compound of the formula:

RY(OH), [26]
wherein R* is a divalent aliphatic hydrocarbon residue, a

20 trivalent aliphatic hydrocarbon residue or a tetravalent
aliphatic hydrocarbon residue; and m is 2 to 4, with a
compound of the formula:

R3-X [27]

“wherein R’ is an alkyl group containing at least one
25 oxirane ring; X is a halogen atom, -COX’ (wherein X' is a
halogen atom) or a group which is capable of forming a
conjugate base of a strong acid by elimination, if

' necessary in a suitable solvent, and in the presence of a



3, 4- epoxy cycl ohexyl group, a 2, 3-epoxy cycl oheptyl group, a 3, 4-epoxy
cycl oheptyl group, a 4,5-epoxy 10 dicycloheptyl group, etc.

The. cross-1inking agent for-ArF negative resi st mat eri al of the
present invention represented by the formulae [1] to [3] can be
obt ai ned, for exanple, by the fol | owing@dreparati on nmethods (a) to

(c). 15 Method (a). The desired conmpound can be obtai ned by
reacting a conpoéﬁ%‘%fcqtf‘%lx%?nul a: R4(OH) m

[ 26] wherein R4 is a ﬂ;vallgnfo%i?gﬁé%] P)é gcggﬁeﬂgs;fﬁ%ﬁ%??g

trival ent aliphatic hydrocarbon res rav

hyd b 0 AL AR | Se i dife dshdi  a
Rx o oon TeStiEroBiEbaR | fedidfle fandh bE &' nas” RIRCUM et AW 2

containing at | Gitd MEIPLice®*dBGRE Féférrind Sté a0 ehaAlfIPmul@Of 1], |
(wherein X is a hal ogen aton) or a group which is capable of formng

a conj ugat et str Dfa Perst r &Dplat i yydtoda risdn ofesidue showeckgsrty in
a suitable solvent, and in the presence of a

- 23- basi c has atlystsame meaning as one némtioned| ab¢eé] reférringatent
al i phatic hydr ocar bon resi due shown by R4 has the sanme neaning as

one mentioned atdvdn dher forgula BR2in anse ther heityavelent aliphatic

hydrocarbon residue shown by R? has the same meaning as
one mentioned above referring to R} in the formula [3].
10 The alkyl group containing at least one oxirane
ring shown by R® in the formula [27] has the same meaning
as in the formula [24] or [25]. The halogen atom shown
by X and X’ includes fluorine, chlorine, bromine, iodine,
etc. The group which is capable of forming a conjugate
15 base of strong acid by elimination shown by X includes,
for example, a p-toluenesulfonyloxy group, a methane-
sulfonyloxy group, a trifluoromethanesulfonyloxy group,
etc.
The basic catalyst includes an organic amine
20 such as triethylamine, diisopropylethylamine, N,N-
dimethylaniline, piperidine, pyridine, 4-dimethylamino-
pyridine, 1,5-diazobicyclo[4,3,0]non-5-ene, 1,8~
diazabicyclo[5,4,0]undec-7-ene, tri-n-butylamine and N-
methylmorpholine; and an alkali metal hydroxide such as
25 sodium hydroxide and potassium hydroxidé.
The amount of the basic catalyst to be used is
not specifically limited and can suitably be selected

from the range of 0.1 to 20 moles preferably 1 to 10



5 the trivalent aliphatic hydrocarbon residue shown by R4 has the sane

meani ng as one nentioned above referring to R2 in the formula [2], and
the tetraval ent aliphatic hydr ocar bon resi due shown by R4 has the sane
meani ng as . one nentioned above referring . to R3 in the formula [3]. 10:
The al'kyl group containing at | east one oxTr fe- ring shomn by R5 in

he f |
55 S B o R T
: i etc € QiQ%Rt £bni 8scapa mﬁs 8&|n0?tges

conjugate 15 base of strong acid mnation s
for example, a plﬁéiMSQ63H§&98¥$EBHnQrQHEh &sn€6m§€ﬁe, xyleﬁé'fﬁéﬁbeké

group, a trifluoronethanesul fonyl oxy group, The
basi c catal yst i|gptleRExshe pr §heLand afd ﬁﬂoéﬂaheashhlbgéhatedlHE,
di i sopropyl et hyl am ne, N, N di met hyl ani | i ne, piperidine, pyridine,

4- di met hyl amsno-hydrocaybons neuch, &s dnethpienel chip8idgpnodibhéoepethdne
di azabi cycl o[ 5, 4, O] undec-7-ene, tri-n-butylam ne and N
nethylnDrphoI|ne§ndndranhé¢k9¢thm%ea¢ hedktexsdsushchsamethglsagetate,
hydr oxi de and pot assi um hydr oxi d The ampunt of the basic
catal yst to be usthylsace atﬁotnsEBEYiléﬁPF9t?|ﬁﬂ@eﬂeéhﬂlcaﬁoE&PPéBFy be

sehected lrSILLNe Lol o Budeh ZRaHRE S aRLEESA Bk Kokt 1 Hopropys

The sol vent MMIChtherysglmegﬁoxyegﬁggegytetrahydrofuran and dioxane; N-

10 methylpyrrolidone, N,N-dimethylformamide, N,N-dimethyl-
acetamide, dimethylsulfoxide, water, etc., which may be
used alone or in a suitable combination of two or more
thereof.

When water or water together with a solvent

15 causing phase separation from water is used as the
solvent, the reaction may be conducted, if necessary,
with the use of a phaée—transfer catalyst such as tetra--
n-butylammohium bromide, benzyltriethylammonium chloride,
benzyltriethylammonium bfomide, benzyltrimethylammonium

20 bromide and methyltrioctylammonium chloride including
commercially available ones having Brand Name of Aliquat
.336 and Adogen 464 from Aldrich Chemical Co., Inc.

The amount of the phase-transfer catalyst to be

used is not specificélly limited and generally selected

25 from the range of 0.1 to 50 mole%, preferably 0.1 to 20
mole% based on the amount of the compound of the formula
[26].

The amount of the compound of the formula [27]



I ncl udes hydrocarbons such as tol uene, xylene, benzene, cycl ohexane,
n- hexane and n-octane; halogenated 5 hydrocarbons such as nethyl ene

chl ori de, dichl oroethane and trichl oroethyl ene; esters such as net hyl
acetate,, ., ethyl acetate, n-butyl acetatezgnd met hyl propi onat e;
ethers such as dimethyl ether, diethyl ethér2dii sopropyl et her,

NN di ot ny1 1 or i 8. CRER, G nfok, PpeC F1RAT 1y il Ceg TR RY, pRLCARNG

N, N- di et hyl f or mam acetam oXl

water, etc., whigh gBYebBed froMSeHeakARGeObf 1 RoSHb! ABhERsGOBRERAHa®1yOR
two or nore t her eof . When water or water together With

a solvent 15 cgysioImBlasepeepmbabi 6 themcvmbBantSodSeHeagor@la [26]. -
solvent, the reaction may be conducted, if necessary, with the use of

a phase-transf erThat abgpbuadcbfasheefoamula [2M]bmayl bemasedmallone: de, as
benzyl tri et hyl ammoni um chl ori de, benzyl tri et hyl anmoni um br om de,
benzyl t ri net thy| adnwhkbure2thepeofi.de and net hyl tri octyl ammoni um chl ori de
i ncl udi ng comerci ally avail abl e ones having Brand Nane of Ali quat
336 and Adogen 464 fron1AIéh?cﬁe€ﬁ§ﬁ96aﬁe@§¢FaFﬁ§? is not SPECifiC?aéY

amount of the phase-transfer catal yst to be used i s not specifically
limted and genetiPiyedcpre: 8glester, geperellynfEo8 the1 rag9so Ofole P

preferably 0.1 t Q | e% based, on_t.Re anmount of the conpound of the
fornul a | [26?.58 c, preferiply ?ﬁetgnghnﬁ‘of t he conpound of the fornula

[27] The reaction time depends upon the kind of the
10 compound of the formula [26] and such reaction conditions
as concentration of the coﬁpound and is generally
selected from the fange of 0.5 to 48 hours.
Method (b):
The desired compound can be obtained by
15 reacting a compound of the formula:

RY(X), | [28]
wherein p is 2 to 4; and R! and X are as defined above,
with a compound of the formula:

RS-OH | [29]

20 wherein R’ is as defined above, in the presence of a basic
catalyst and, if necessary, in a suitable solvent.

The basic catalyst, the solvent which is.used
upon necessity and the phase-transfer catalyét which is
used upon necessity in case of using water or water

25 together with a solvent causing phase separation from
water are the same ones as mentioned in the Method (a).
The amount of the basic catalyst to be used is

not specifically limited and can suitably be selected



-25-- to be used is not specifically linmted and can suitably be

selected fromthe range of 1 to 30 noles, preferably 2 to 10 nol es per -
nole of the conpound of the formula [26].. The conpound of the formul a
[27] may be used alone or as 5 a mxture Ehggeof. The

reaction tenperature is not specifically ITmted and sel ected

Toe reaction 11 e Apenactonds’ 8.0 ,1 §30p0 Retery BECERRMIEYL, Re R0l ] o

[26] and such reg6ié@NpePNHbik08% the cAmp&RAGEHE' BhbORoLhulleggqROUNd and
I's generally selected fromthe range of 0.5 to 48 hours. Met hod
(b): The deshéedm6@AROyRdtE8Nphesabtaafislelycataliyg@citbnded
conmpound of the formula: RA(X) p [ 28]
wherein p is 2 tusdd headn®d apecXfihcaldpg Hemited ahdvean suitabilly be
compound of the fornula: R5- OH [ 29]
20 wherein RS i ssatedbédnfdomnbbhe, rangehefpledehoe58f malpdsi preferabdyal yst
and, if necessary, in a suitable solvent. The basic

catal yst, the sogvéntov\ﬂpcﬁﬂ-%%u@éﬁed on thenameue§spfythpdceppound of
phase-transfer catal yst which_is used upon necessity in case of using

water or water 982t53EMMLR UPBh-a sol vent causing phase separation from
wat er are the sanme ones asgggntione

' Met hod h
amount of the basic catal yStSt 3mgBn ség %ES CO%P58P8§%ECFPFC&PF?“#FH#F@ ©

and can suitablytgebéehgg&egs not specifically limited and can suitably

10 be selected from the range of 1 to 30 moles, preferably 2
to 10 moles per mole of the compound of the formula [28].
The compound of the formula [29] may be used alone or as
a mixture thereof.

The reaction temperature is not specifically

15 limited and selected generally from the range of 0 to
150°C, preferably 20 to 80°C.

The reaction time depends upon the kind of the
compound of the formula [28] and such reaction condifions
as concentration of the compound and is generally

20 selected from the range of 0.5 to 48 hours.
Method (c):

The desired compound can be obtained by
subjecting a compound of the formula:

B,-T,-R!-T,-B, [30]

25 wherein B; and B, are independently an aliphatic
unsaturated hydrocarbon group containing at least one
double bond; and T,, T, and R! are as defined above, a

compound of the formula:



- 26-° fromthe range of 0.1 to 20 noles, preferably 1 to 10 nol es
per nole of the conpound of the fornula [28]. The anount of
t hes-phase-transfer catalyst to be used is not specifically limted and
can sui.tably be 5 selected fromthe range o% 0.1 to 50 nole% preferably
0.1 to 20 nol e% based on the ampunt of the™c Kp6und of the formula

[ 28] . The agount @fmt e conmpound of the f la [ 29] to
be used is not specificall %Pr?#nnt e'%:‘l2 tabr%d can suitably 10?E?jsel ected from
the range of 1 to 30 noles, preferably 2 to 10 nol es per nole of the
conpound of the formula [28]. |3 The conpound of the formula [29] may be
used al one or as a nixturegghereof. The reaction
tenperature is not specifically 15 limted and sel ected generally fromthe
range of 0 to 150[err]C, preferably 20 to 80[err]C. : The
reaction time dewbedeinpBp thieBkiare dindependentlyommoaidphiatiifee formul a

[ 28] and such reaction conditions as concentration of the conpound and
is generally 20uBsaturatef bydrhsarbngegrbup. sonsaiginguat. least pehod

(c): The_desired conmpound can bg obtai ned by subj ecti ng
a conpound of theopBlfgypPgnd; and T; to T; apd F?-R!EETQSBQefJ-ned above, or a

[30] 25 wherein_Bl and.B2_a i ndependently an aliphatic unsat ur at ed
hydr ocar bon grou5°EBHP§PnPﬁg%§? EBﬁ@PEBne doubl e bond; and T1, T2 and
Rl are as defined above, a :

3 _
B,-T,-R3-T;-B, - [32]

5 wherein B, to B, are independently an aliphatic
unsaturated hydrocarbon group containing at least one
double bond; and T, to T, and R} are as defined above, to a
reaction in the presence of an oxidizing agent, if
necessary, in the presence éf a suitable solvent.

10 The aliphatic unsaturated hydrocarbon group
containing at least one double bond shown by B, to B, in
the above formulas includes one containing 1 to 3 double
bonds at a terminal position and/or suitable internal
position(s) thereof. The aliphatic unsaturated

15 hydrocarbon group mentioned above includes one having 2
to 14 carbon atoms. Specifié examples thereof are an

| ethenyl group, a propenyl group, a 2-butenyl group, a 3-

butenyl group, a 2-pentenyl group, a 3-pentenyl group, a



conpound of the fornul a: -27-

Bl- T1- R2- T2- B2 : [ 31] | T3 | B3
wherein Bl to B3 are independently an aliphatic unsat ur at ed hydrocar bon
group containing at | east one  double bond; _and Tl to T3 and R2 are as
defined above, or a conmpound of the forfufg: - B2 |

T2 |

- T1-R3- I3 _ 321 T4 |

B4 5 wherein g%'§%P€§5%?e§?%%%be%d%h%lge%ﬁa%%ré%a%Pgl 9TORRs aPufat ed
hydrocarbon gr oupe£&¥ 8 §-H8p ata! §oREXE ubl e, bpad. d o T4cand
R3 are as defined above,e%gﬂg' 2 rea%??g% ?ﬁogﬂé %rgsgﬁggng? g%aggfd%ang
agent, if nemsé@fy,gr@uﬁheapzE&Bﬂéﬁaﬂé-aisahyﬁbbfoﬁgl,vsnb- 5-hBxane-
The aliphatic unsaturated hydrocarbon group cont ai ni hg at [ east one
doubl e bond showdibgn{l ¢goodd, ia 3,5-héLandode-eéAyIugasuppChudeheplenyl
containing 1 to 3 double bonds at a terminal position and/or suitable

i nt er nal Sposgxoup( s3 3I+kepvénylhgraupphat 4 chepsanyl ageduplsahgdr ocar bon
group nentioned above includes one having 2

heptenyl group, a 6-heptenyl group, a 2,4-heptane-di-enyl

group, a 2,5-heptane-di-enyl group, a 2,6-heptane-di-enyl
group, a 3,5-heptane-di-enyl group, a 3,6-heptane-di-eﬁyl
group, a 2,4,6-heptane-tri-enyl group, a l-methyl-2-

10 propenyl group, a 2-methyl-2-propenyl group, a l-methyl-
2-butenyl group, a 3-methyl-3-butenyl -group, a l-methyl-
2-pentenyl group, a l-methyl-4-pentenyl group, a 2-
methyl-2-pentenyl group, a 2-methyl-4-pentenyl group, a
3-methyl-3-pentenyl group, a 4-methyl-2-pentenyl group, a

15 4-methyl-3-pentenyl group, a 4-methyl-4-pentenyl group, a
l-methyl-2-hexenyl group, a 2-methyl-3-hexenyl group, a
2—methyl;5-hexenyl group, a 3-methyl-5-hexenyl group, a
4-methyl-2-hexenyl group, a 4-methyl-5-hexenyl group,-a o
l-methyl-2,4-pentane~di-enyl group, a 2-methyl-2,4-

20 pentane-di-enyl group, an octenyl group, a dodecanyl
group, a 2-cyclopenten-l-yl group, a 3-cyclopenten-1-yl
group, a 2-cyclohexen-l-yl group, a 3-cyclohexen-1l-yl
group, a 2-cyclohepten-l-yl group, a 3-cyclohepten-1l-yl
group, a 4-cyclohepten-l-yl group, a 2-cycloocten-1l-yl

25 group, etc.

The oxidizing agent includes an inorganic
peroxide such as hydrogen peroxide and sodium perborate;

an organic peroxide such as peracetic acid, perpropionic



to 14 carbon atonms. Specific exanples thereof are an et henyl group, a

propenyl group, a 2-butenyl group, a 3- but enyl group, a 2-pentenyl
group, a 3-pentenyl group, a -28-
4- pent enyl group, a 2, 4-pentane-di-enyl groug9 a 2- hexenyl group, a
3- hexenyl group, a 4-hexenyl group, a 5- ~ héxenyl group, a

2, 4- hexane-di - eny i&roggrbgnggggggéﬁgf&ng m—cﬂibggﬁéygégggicaacid, etc.

3, 5- hexane-di -enyl gfo gr oup, enyl “grodp, a

4-heptenyl group, a 5- ThBCRMEONE 8EOYRe ngaﬁﬁﬁh§”¥beHEoﬂB1bé used is
2, 4- hept ane-di - enyl group, a 2, 5-heptane-di-enyl gfoup, a

2, 6- hept ane- di - eyt specifiedllyal3mbtBaphadccdh- 8GYkad8l9UBe 8elected

3, 6- hept ane-di - enyl group, a 2,4,6-heptane-tri-enyl group, a

1-nmet hyl -2- 10 fpromebhé gange, of B- hetbyRoZ2mplepenprredesaplyalltoetyl -
2- butenyl group, a 3-nethyl-3-butenyl group, a 1-nethyl- 2- pent enyl
group, a 1-nét hyhollepepernpblgr ofipthe 2ompoundnefhghe2fpemudayi 3@leuph313
2- met hyl - 4- pent enyl ‘group, a 3- et hyl - 3-pentenyl group, a
4-nethy|-2-penteﬁ§|[3?&up, a 15 4-nethyl-3-pentenyl group, a

4- et hyl - 4- pent enyl group, 1-netB | - 2- hexenyl group, a .

2- met hyl - 3- hexenyl group, gﬁe solyept i ¥9§-H5x3ﬁ9p BgBGpReSeSSltY

3- et hyl - 5- hexenyl _grqup,.a 4- met hyl - 2- hexenyl grou a

J- et hyl - 5- hexenyTograER, hEdrocarboRg, RurFhoas. KETHSRE, dRYERYP  oPERAEnS

2-met hyl -2, 4- 29¥§§§h§gg9gt-ﬁnxgxaaauandaﬁ-sekgg§51g§g88enatgadeca”y'

group, a 2-cyclop group, a 3-cyclopente roup, a
2- cycl ohexenygl- yhy8¢-8ERrbéns- s¥ehOHEXRBthyYbne chloride, dichloroethane

and trichloroethylene; esters such'aSVmethyl acetate,
ethyl acetate, n-butyl acetate and methyl propionate;
ethers such as dimethyl ether, diethyl ether, diisopropyl
ether, dimethoxyethane, tetrahydrofuran and dioxane; N-

15 methylpyrrolidone, N,N-dimethylformamide, N,N-dimethyl-
acetamide, dimethyisulfoxide, water, etc., which méy be
used alone or in a suitable combination of two or more
thereof.

The reaction temperature is not specifically

20 limited and selected generally from the range of 0 to
150°C, preferably 20 to 80°C.

The reaction time depends upon the kind of the
compound of the formula [30], [31] or [32] and such
feaction conditions as concentration of the compound and

25 1is generally selected from the range of 0.5 to 48 hours.

A treétment of the resultant after the reaction

can be conducted according to a conventional manner,

including purification énd/or separation of the compound



group, a 2-cycl ohepten-1-yl group, a'3-cyclohepten-1-yl group, a
4-cycl ohepten-1-yl group, a 2-cycloocten-1-yl 25 group, etc.

Thes oxi di'zi ng agent includes an inorganic per oxi de such as hydrogen
peroxi de. and sodi um perbor at e; an orggnb& peroxi de such as peracetic
acid, perpropionic - 29- aci d,

perbenzoic acid gpdefschl 9P§r§fT50t§138£d[3?t€hus obtained by ekR@agaount
of the oxidizing agent to be used’is not “specifically limted and can

suitably be sel egigfl, recrysediibgatdsfs etcl. lateeZ0sibhea, tpeatmenlnl wsl
to 10 5 noles per nole of the conpound of the fornula [30], [31] or

[ 32]. above Jheheorgsultaht cbansbesadedpas acmesertipl for ithel udes
hydr ocar bons such as tol uene, xylene, benzene, cycl ohexane, n-hexane
and n-oct ane; hatregéstit edmpédihydnocar bons such as net hyl ene chl ori:de,

di chl or oet hane and trichl oroethyl ene; esters such as nethyl acetate,
ethyl acetat® n-butyl acebstthangompenpdsppfptbgafermulae é?ﬁér§°@d@ﬁlas_

di ret hyl ether, diethyl ether, diiso -~ et her, ineth%éye hane,
the’ above~

t et r ahydr of ur an Wh4chj 8x@nBsef;, as 5h ngégFBQFrBPFSEﬁé}g in

e 1o g N BB 5, £, (5, B0k TR TR MR

(b T mmr ey 2oehIEPRSesma o5 Shposepentie §AF b phomReeal ickopu e
to a conventional manner.

10 ' The cross-linking agent for the ArF negative
working resist material of the present invention thus
obtained (hereinafter, abbreviated as "the cross-linking
agent of the present invention") can provide the
following effects. Namely, when it is used as a material

15 in a resist composition together with an aliphatic
alkali-soluble polymer, a cross-linking reaction between
hydrophilic groups in the aliphatic alkali-soluble
polymer on one hand and the cross-linking agent of the
formula [1], [2].or [3] on the other hand is allowed to

20 proceed by the act of an acid generated from a photoacid
generator, whereby the polymer is made insoluble in an
alkaline developing solution. On the other hand, no acid
is generated on the part (or area) which is not exposed
to light, and thus no cross-linking reaction is allowed

25 to proceed on this non-light-exposed part even by
heating, and therefore the polymer remainé alkali-

soluble. . Consequently, there is caused a difference in

solubility into an alkaline developing solution between



150[érr] C, preferably 20 to 80[err]C The reaction tine
depends upon the kind of the conpound of the formula [30], [31] or

[ 32] and such reaction conditions as concentration of the conpound and
25 is.generally selected fromthe range of Q.5 to 48 hours.

A treatment of the resultant after the redcfton can be conducted
according to a % LO NeL, 4 Lhel udin rification _gnd/ or
separation of tﬁggcgﬁ%guﬁgbogga €6 light 514 %ge 8a9% not exposeg_ga_

of the formula 2L .0 3] 4t 0 ' - t] .
recrystalIizati%%%hg%c¥oA§?é? gugﬁié P?gggﬁgﬁgxagé&EEEvgngg? #%gt?ggufﬁant
can be used as agopmbgrial for the resi st conposition. 5 As
t he conpounds of the fornmulae [26] to [32] whi ch are used as the
starting materials in therabedes way, BR8teBedtNBbRPESitadnt BohChining
commerci ally avail abl e ones may be used, or the conpounds may be
produced acc®rdangaliphatécaatkaltnrsodublenpobemer, 18he above-menthéned
cross-1linking agent for the ArF negative wor ki ng resi st material of

t he present invenbogenlihking agenbt afntbe(peesenaf iavenahbnevaaprdtas "t he
cross-linking - agent of the present invention") can provide the
fol | owi ng ef f ecEsnsiBiEpyconrpennft whichsgenasatesnenr faid wponj axposesest
conposition together with an alighatic al kal i -sol ubl e pol ynmer, a
cross-1inking r&8ctightpaépfegnsolventyaepphilei eLfgRbapelvinghth@pephatic

al kali-soluble ., oREhYIPLa R e 2082 08ATn0Y 1 L NEeEL28 S LY PRLRY, 325N 0L the
10 resist material for ArF excimer laser beams which are
eXpecEed'as new photo-exposure technology belonging to
the next generation.
- The aliphatic alkali-soluble polymer in the
resist compositién of the present invention includes one
15 comprising a monomer unit.shown by the formula [33] as a

structural component:

R
|
7 l__Rs J ' [33]

wherein R® is a hydrogen atom or a lower alkyl group; R’
is a hydrogen atom, a lower alkyl group, a cyano group,
an alkyloxycarbonyl group or a carboxyl group; R® is a

20 hydrogen atom, a l&wer alkyl group, an alkyloxycarbonyl
group or a carboxyl group; R? is a hydrophilic group; and

Z is a spacer; and R’ and z—R9 may form together a group



formuta [1], [2] or [3] on the other hand is allowed to 20 proceed by the
act of an acid generated froma photoacid generator, whereby the
polymer is made insoluble in an al kal i ne devel oping solution. On the
ot her hand,,no acid I's generated on the_part (or area) which is not
exposed to light, and thus no cross-lTnigng reaction is allowed 25

to proceed on this nQn-Light-exposged pa even by heati ng, and
t herefore the pd?gnﬁegTéﬁ§$ﬁs°ﬁlR§6T83°é6"solubIe. Consequently, there is

caused a difference in Insgﬁgbk&%ﬁxlént93Tg1§LgaiEQ§ﬁgg%§&?péQQu§oIution

bet ween XpoSed to

l'ight and the paéﬁo@ﬂtngﬁoﬁﬁgggfﬁgg belEQQ&igﬁQ—EB@ﬁﬁ%ﬂﬁgﬂ'HE@%EH@E‘ﬂid

negative type pattern | _ is way, the resist
conposi tion cont ghelhdes StABsal ppsérabeykRhvifgl ubte pokyiBbn kltems.
above-nenti oned cross-linking agent of the present invention, a photo-
sensitive corfpouBgdamples ge€nehasesarkylcgdoupsnagzpasmeehyl grbapl,i ght and
a solvent capable of dissolving those conponents can extraordinarily
effectively be usthyhsgroupp amsnspropydrgabuber anr Esepcopyd gzoup beanm-—
whi ch are expect ed as new phot o- exposure technologﬁ bel onging to

t he next generatPehyl group, an lsobﬁéYglgﬁﬁapbcaaFﬁﬁFr YEYdbOEOPyBer in

t he resi st conposition of the present [nvention ingludes oqg 15
conpri sing a non®RETPYRYL GREBWR.bPNt REPEBENL 9XPYBy &8 isopentyl group, a

neopentyl group, a tert-pentyl group, a 3,3-dimethylbutyl
10 group, a 1l,l-dimethylbutyl groﬁp, a l-methylpentyl group,
an n-hexyl group, an isohexyl group, etc.

The alkyloxycarbonyl group shown by R’ and R®
may be straight-chained, branched or cyclic and may
contain a double bond and includes those having 2 to 19

15 carbon atoms. Examples the alkyloxycarbonyl group are a
methyloxycarbonyl group, an ethyloxycarbonyl group, a
propyloxycarbonyl group, butyloxycarbonyl group, a
pentyloxycarbonyl group, a hexyloxycarbonyl group, a
heptyloxycarbonylwgroup, an octyloxycarbonyl group, a

20 dodecyloxycarbonyl group, an octadecyloxycarbonyl group,
a cyclohexyloxycarbonyl group, an ethenyloxycarbonyl
group, a propenyloxycarbonyl group, a butenyloxycarbonyl
group, a tert-butyloxycarbonyl group, a 2-ethyl-
hexyloxycarbonyl group, etc.

25 The hydrophilic group shown by R® includes a
hydroxy group, a carboxyl g£6up, a carbamoyl group, an
amino group, a hydroxyalkyl group having 1 to 18 carbon

atoms such as a hydroxymethyl group, a hydroxyethyl



strucfural conponent: [err] wherein R6 is a hydrogen atom or

a | ower al kyl group; R7 Is a hydrogen atom a |ower al kyl group, a
cyano group, an al kyl oxycarbonyl group or a carboxyl group;- R8 is a

20 hydrogen.atom a |ower alkyl group, an alkéloxycarbonyl group or a -
carboxyl group; RO is a hydrophilic group; Z is a spacer; and R7

Ao 2RO Y O B! ChyRr8iiBopy1 group, a hYdr°FXbPﬁXIf8FﬁHPa =1

L?Sn'cﬁﬁﬁraﬁ'cjky' B rypeneyiodioll, 1 honsBaghin? SHbapd BRAARE-

Exanpl es of thesRepkiy! g&baPQSaahydeoﬁybax&lga% tp ,a8 hydroegg;msheagw an
n- propyl group, an isopropyl group, an n- group, an iIso

group, a tert-bugybugr ang, aahydroxyeethdéwylggabnp an n-pentyl group, an
| sopentyl group, a neopentyl group, a tert-pentyl group, a
3,3-dinethyl tutyl 10 gr oufheaspatedi shotml| byt @l igcdudesaal greulpy bifie thg!
group, an n- hexyl group, an isohexyl group, etc. The
al kyl oxycar bony| £fgrmsupaghown by R7 and RS may be straight-chained,
branched or cyclic and may 1@ q1d0U9£e bond and _i ncl udes those
having 2 to 19 ‘(COO) SR r(R [34]
' wherein RM is a divalent hydrocarbon residue which may
contain at least one oxygen atom; R!? and R!? are
10 independently a lower alkylene group; and q, r, s and t
are independently 0 or 1, provided that when q is 1, s is
1.
The divalent hydrocarbon residue in the
divalent hydrocarbon residue which may contain at least
15 one oxygen atom shown by R! in the formula [34] includes,
for example, an alkylené group. .The alkylene group may
be straight-chained, branched or cyclic and includes
those having 1 to 20 carbon atoms. Examples of such'an
alkylene group are a methylene group, an ethylene group,
20 a propylene group, a butylene group, a 2-methylpropylene
group, a pentylene group, a 2,2-dimethylpropylene group,
2-ethylpropylene group, a hexylene group, a heptylene
group, an octylene group, a 2-ethylhexylene group, a
nonylene group, a decylene group, a cyclopropylene group,
25 a cyclopentylene group, a cyclohexylene group, an
adamantane-di-yl group, a tricyclo[5,2,1,02%]decane-di-yl

group, a norbornane-di-yl group, a methylnorbornane-di-yl

group, an isobornane-di-yl group, a decaline-di-yl group,



15 carbon atonms. Exanples the al kyl oxycarbonyl group are a
nmet hyl oxycar bonyl group, an et hyl oxycarbonyl group, a

pr opyl oxycar bonyl group, butyl oxycarbonyl group, a pent yl oxycar bonyl
group, . a hexyl oxycarbonyl group, a heptgloxycarbonyl group, an
octyl oxycarbonyl group, a 20 dodecyl oxycaThb ﬁyT group, an

oct adecyl oxycar I Y | hexyl pxycar honyl, grou an,
et henyl oxycar bony "gg&%ﬁ%nmfl%Pp?%%g%§Yﬁ?§cgr%%n§$ 6%55%? 3€bms 18
butenyloxycarboqy&eferabggpup, a tert-butyl oxycarbonyl group, a 2-ethyl-

hexyl oxycar bonyl™ group, etc. 25 The hydrophilic group shown by

R9 includes a hydr ox yrigeé Odlpvafe&érlbpdyéce%l@é'ﬂ?,résféﬁéakaa%%% an
am no group, a hydroxyal kyl group having 1 to 18 carbon atons s cﬁ as

a hydroxynet hyl gxygen @tdydinxledéy|one mentioned above which contains 1
- 33- group, a hydroxypropyl group, a hydroxybutyl group, a

hydr oxypent yl5 grampmorze hyprefghably Droop3 exyyel oxyems in bret ¥haghogp, a
hydr oxyoctyl group, a hydroxydodecyl group and a hydroxyoct adecyl
group. 5 the hyd¥recapberrresibdme pywllichclsideseai fi caplof ekb@pli-
formul a: . (CI§2q>(R10)r(Rll)s(RlZ)t- [ 34] wher ei n
R11 is a dival enfiefydPHcarrRbhextetrlore corewy, an etbpxuebhuleheagroupe
oxygen atom R10 q?d R12 are . 10 independently a | ower al kyl ene group; and
q, r, s and t @ POFRYIeESERELSERYleNSrIHOURy 0¥ HREPPEAY 1 AKEAtRY LS 1, s

s ethylene group, a mentyloxyethylethylene group, a
10 adamantyloxyethylethylene group, a methoxyethoxyethyl-
ethylene group, a ethoxyethoxyethylethylene group, a
bornyloxyethoxyethylethylene group, a mentyloxyethoxy-
ethylethylene group, -0-CH,~, -O-CH,CH,-, -CH,-0-CH,,
-CH,CH,-0-CH,~, -CH,CH,-0-CH,CH,~, and -CH,CH,-0-CH,CH,-0-
15 cnécnz-.
The lower alkylene group shown by R and RY may
be straight-chained or branched and includes those having
1 to 6 carbon atoms. Examples of such a lower alkylene
group are a methylene group, an ethylene group, a
20 propylene group, a butylene group, a 2~-methylpropylene
group, a pentylene group, a 2,2~dimethylpropylene group,
a 2-ethylpropylene group, a hexylene group, etc.
‘The monomer unit represented by the formula

{33] include one'derived from a monomer of the formula:

>=< (351



1. The dival ent hydrocarbon residue in the di val ent
hydr ocar bon resi due which nmay contain at |l east 15 one oxygen atom shown

by .R11 in the formula [34] includes, for exanple, an al kyl ene group.
The al kyl ene_group may be straight-chained, branched or cyclic and
i ncl udes those having 1 to 20 carbon atbhs, Exanpl es of such an

al kyl ene group ar,e a nretlyyl eneggroup, an. ethylepe o) 20 a propyl ene
group, a butyl eﬁ'g‘eg‘?e(ﬁfb,}{zatﬁ- t%?#p?o%f/?e?ﬁ% ée m%?o%p?v%' pentyl ene group,
a 2, 2-di met hyl propyl ene O specy £ &5 GNP AP LI TRIRA I YN Stifose
group, a heptyl ene group, "an octyl ene "group, a 2-et yl%exylene group,
a nonyl ene & o4 M 9QFYd&ENe group, a cyclopropyl ene group, 25 a-
cycl opentyl ene group, a cycl ohexyl ene group, an adamant ane- di - yl
group, a tricyclo[5,2,1,0[err]]decane-di-yl group, a norbornane-di -yl
group, a nethyl norbornane-di-ylgy. group, an isobornane-di-yl group, a
decal i ne-di -yl group, |’ -34 - |

etc., anong which one havi n§Hi=¢ o 10 carbon atons is preferable.

The dival ent hydrocarbon resi dugs@ontai ni ng an oxygen atom i ncl udes
one nentioned above whi ch contal ns r nore, preferably 1 to 3 oxygen
atons in the chain of t he hydTo residue, which is specifically
exenpli - fied by a nethoxyet hyINne grip, an et hoxyet hyl ene group,

a bornyl oxyet hyl et hyl ene group, a norbornyl oxyet hyl - et hyl ene group, a
ment yl oxyet hyl et hyl ene group, a

CH,
H,C =—C

E_¢
Y

OH

i
CH,—C

0

LA,

G
CH,—C

0

it



10 adamantyl oxyet hyl et hyl ene group, a nethoxyet hoxyet hyl - et hyl ene
group, a ethoxyet hoxyet hyl et hyl ene group, a
bor.nyl oxyet hoxyet hyl et hyl ene group, a nentyl oxyet hoxy- et hyl et hyl ene
group,. -0 CH2-, -OCH2CH2-, -CH2-0O CHz, - CH2CH2- O CH2-, :
“CH2CH2- O CH2CH2-, and - CH2CH2- O CH2CH2- O- = 36 —CH2CH- . The
| oner al kyl ene group shown by R10 and R12 nay be straight-chai ned or
branched and i ncl udes those havi ng 1 to 6 carbon atonms. Exanpl es of
such a | ower al kyl ene group gke a nethylene group, an ethylene group,
a 20 propylene group, a butylenelgroup, a 2-methyl propyl ene group, a
pentyl ene group, a 2, 2-dinet 'pT&Eerne group, a 2-ethyl propyl ene
group, a hexyl ene group, etc. [— The nononer unit represented by
the formul a [ 33] include one lderg om a nononer of the fornul a:
[err] 0— —OH [85]
- 35 - wherein R6 to RO and Z are as defifed above. The specific
exanpl es of the nonomers are those of the formulae: [err] :
- 36 -
ethylenically unsaturated carboxylic acids having 3 to 20
carbon atoms such as acrylic acid, methacrylic acid,
itaconic acid, maleic acid, fumaric acid, crotonic acid,
citraconic acid, mesaconic acid, vinylacetic acid and
5 allylacetic acid (these acids may form salts with an
alkali metal such as sodium and potassium, or ammonium
salts); ethylenically unsaturated carboxylic acid
hydroxyalkyl esters having 4 to 20 carbon atoms such as
2-hydroxyethyl methacrylate, 3-hydroxypropyl
10 methacrylate, 2-hydroxypropyl methacrylate, 2-hydroxy-
ethyl acrylate, 3-hydroxypropyl acrylate and 2-
hydroxypropyl acrylate; ethylenically unsaturated amide
or imide compounds having 3 to 20 carbon atoms such as
acrylamide, methacrylamide and maleimide; ethylenically
15 unsaturated aldehydes having 3 to 20 carbon atoms such as
acrolein and crotonaldehyde. The aliphatic alkali-
soluble polymer includes homopolymers derived from one
and the same monomer mentioned above and copolymers
derived from two or more different kinds of monomers
20 mentioned above.

The aliphatic alkali-~soluble polymer used in

the present invention may contain other monomer units as



[err] ethylenically unsaturated carboxylic acids having 3 to
20 carbon atons such as acrylic acid, nethacrylic acid, I taconic
aci:d, maleic acid, fumaric acid, crotonic acid, citraconic acid,
mesaconi.c aci.d, vinylacetic acid and 5 all§lacetic acid (these acids may
formsalts with an alkali netal such a$ $ddirum and pot assi um or

anmoni um sal .S).; lLeRi atur ated _carboxyl i cid. .
hydr oxyal kyl estér%tﬁg&ﬁﬁg 2 %gh%énggr %# g%&h? s (¢ &?n%m%IEPW95F%§VEfﬁVi
met hacryl ate, 3- 0 ' ate, LOXY
met hacr);il ate, 2- ﬁ%&%ogg Wlee#%&ﬁ%%?%ﬁ&%&? g’%&&?&éﬁpr og?/ﬁ%p?ctrhﬁrat e and

2- hydr oxy pmeRbinezC mehlioned! RstNabaiiey ineIadesabadtetild@sters OF
i m de compounds having 3 to 20 carbon atons such as acfyl am de,

met hacryl am de. ahdviimigei3nitde 20etcaybon atomg sizh @ssatinydt Ebralade)y danyl
having 3 to 20. carbon atons such as acrol ein and crotonal dehyde. The
al i phatic al k&l i acetatesomiblyd paiopienaitec anded shpropenyleacetatiesed from
one and the sane nononmer nentioned above and copol yners derived
fromtwo or norehdlegenesontaindngr evbydenically woseitvredeshepmpounds
The aliphatic al kali,-sol uble polynmer used in t he present invention may
contain other noRé¥dndudi to A9 carbon atoms such as vinyl chloride,

| ‘vinylidene chloride, vinylidene fluoride, tetrafluoro-

ethylene and tetrachloroethylene; ethylenically

10 unsaturated carboxylic acid esters having 4 to 20 carbon
atoms such as methyl methacrylate, ethyl methacrylate,
propyl methacrylate, butyl methacrylate, 2-ethylhexyl
methacrylate, lauryl methacrylate, stearyl methacrylate,
vinyl methacrylate, allyl methacrylate, adamantyl

15 nmethacrylate, tricyclodecanyl methacrylate, mentyl
methacrylate, norbornyl methacrylate, isobornyl
methacrylate, methyl acrylate, ethyl acrylate, butyl

| acrylate, 2-ethylhexyl acrylate, lauryl acrylate, stearyl
acrylate, vinyl acrylate, adamantyl acrylate, tricylo-

20 decanyl acrylate, ﬁentyl acrylate, norbornyl acrylate,
isobornyl acrylate, dimethyl itaconate, diethyl
itaconate, dimethyl maleate, diethyl maleate, dimethyl
fumarate, diethyl fumarate, methyl crotonate, ethyl
crotonate, vinyl crotonate, dimethyl citraconate, diethyl

25 citraconate, dimethyl mesaconate, diethyl mesaconate and
methyl 3-~butencate; cyano-containing ethylenically

unsaturated compounds having 3 to 20 carbon atoms such as

acrylonitrile, methacrylonitrile and allyl cyanide;



- 37 - a structural conponent so far as the nononer units do not

make the whol e pol yner al kali-insoluble. The other nononmer nenti oned
just above includes al kenyl esters having 3 to 20 carbon atonms such as
vinyl formate, vinyl 5 acetate, vinyl propionate and isopropenyl acetate;
hal ogen-cont ai ni ng et hylenically unsaturatéd3%dhpounds having 2 to 20
carbon atons such .as viqgglfhlor dene chloride ViQVLEdEBe

i de vinyli I
fluoride, tetrafS %ﬁnl %ﬂ?ﬂﬁ%ﬁ&F%&ﬁFt%ﬁ+%ﬁh?%§%%¥%§?e%%?i%ghylenicalIy
10 t ted i A i t ; t
unsat urat € nc%ﬁﬁ’&%‘z#&n@%@%ﬁéﬁ; %ﬁgﬂ’wﬂdé, x(?e@}?a%f;’%%gxﬁurireet ﬁn& ons

such as net hyl acrylate, et ate, acryl ate,
butyl methacryl gi£)eZnfddy! denylenical IPtBRsaYhAd€ed | 2UEYhyaBE NRETYHE! 8,

stearyl nethacryl ate, vinyl nethacrylate, allyl nethacryl ate,
adamantyl 15 ngd ha@rydAben 4ol CLREleCadYACHBL 8D6T ¥hat €rotBRkYlehyde;

met hacryl ate, norbornyl nethacrylate, isobornyl met hacryl ate, nethyl
acryl ate, etigyl ethyleiicablyyinsaturated! alephatit hyébexytyatiyl aménes

| auryl acryl ate, stearyl acryl ate, vinyl acrylate, adamantyl acryl ate,
tricylo- 20 devawnitgalrydal@, cachoylatony| steh asrRBevinylapyykalédone

i sobornyl acrylate, dinethyl itaconate, diethyl i taconate, dinethyl
mal eat e, di et hylamghl ebnyl piperhgine; ethnhﬁﬁafélluiEﬂﬁ?Fu¥éﬁﬁﬂa@éF°hﬁiﬁyl
crotonate, ethyl crotonate, vinyl crotonate, dingth citraconate,

diethyl 25 cithachRate, @i Akt FHFORRsALBREL BuChi 88! lsa&SFraPé &hel

ey 3 Dut enont e Y 8-SR0 2 0 A LML SRR vy ¢ RBELH! BhSton

nethacryloMfdilgigﬁg Qﬁéﬂlagyﬁﬂ£ggiene and isoprene, etc. 1In the
aliphatic alkali-soluble polymers, only one kind or two
or more different kinds of monomer units derived from the
above-mentioned monomers may be incorporated as a
structural component.

15 As the above monomers, commercially available

ones may be used or those produced according to a
conventional method may be used. .The specifié examplgs'
of the aliphatic alkali-soluble polymer used in the

present invention are those containing one or more

20 segments represented by the following formulae:



-38- - et hyl enically unsaturated am de conpounds having 3 to 20

carbon atons such as acryl am de, nethacryl am de and mal ei m de;

et hyl eni cal ly unsaturated al dehydes having 3 to 20 carbon atons such as

acrol ein and crotonal dehyde; 5 ethylenicallyy unsaturated aliphatic :

het er ocycl i ¢ am nes having 5 to 20 carbon ‘atons such as N-vinyl

pyrrolidone and vinyl piperidine; ethylenically unsaturated al cohols

having 3 to 20 carbon atonms such as allyl al cohol and crotyl al cohol;

di ene conpounds having 4 to 20 carbon 10 atons such as but adi ene and

i soprene, etc. In the F tic al kali-soluble polynmers, only one kind
{ eren

or two or nore dif ds of nonerlﬂml s derived fromthe

above-nmenti oned nono Hq&ycbeizﬁeorpo#amaq_ag_a_~__ structural

conponent. 15 As t bove no Pnersl_so rcially avail able

ones may be used or those prgduced according t conveni i onal nethod
may be used. The specific examghgsH,0n Of thecg Lp | kal i - sol ubl e

pol yner used in the present invention are t dBd#)one or nore

20 segnents represented by the foll ow ng fornulae. [err] - 39-

/;H __EHJ \ / CHs
T A

O-H
o——',’b
7 CH,0H

(O W A LR
Vel TR



[err] - 40 - [err] _ - 41 -

[err] The phot o-sensitive conpound generating an
aci-d upon exposure to light (hereinafter, abbreviated as "a

phot oaci.d generator"”) which is used in combingpion with t he
cross-linking agent of the present invention in the 5 resist conposition
may be any of photo-sensitive conpounds whi ch generate an acid upon
exposure to |ight and give no bad influence upon formation of a
pattern. Anmong t he t hose which show high transmttance around a
wavel ength of 193 @m an malntaln hifgh tFﬁnsparency f a/ 10 ?@5|st
conposition, or gi nh@nced trian éga@ce around ve&englh of 193
nm upon exposure t Ilght_@nd ﬁtaLB hi gh trangspatency Qi a res1st

conposition are , | / : Cp
' O'CHzCHzOH O——{m O—-H !

CH.] CH,
/cnz—é— -!Ccuz-é— l—/——cm-c
e SR ) TR
5 T S '

O-CH2CH20H O—CHJ

(;'Hs ?HJ \
CHz—C—' CHZ'(iH_ CHz'C 5
0 ’ CN ? Y
0 — 0 -H
/"\
OH

K—CHZ-C—- TCH;—C— CH,-C

oo/ hd\g’ o

~CH,CH,0H 00—~ O~H '



parttcul arly desirable. Exanpl es of such preferabl e photoacid

15 generators include conmmercially avail abl e ones, that is, sul f oni um
salts such as trinmethylsulfoniumtrifluoro- nmet hane sul f onat e,
tr|phenylsulfonlunitrlfluoronethane sul,fionat e,

cycl ohexyl net hyl (2- oxo- cycl ohexyl ) - sul%onlunitrlfluoronethane

sul fonate, cyclopentyl nethyl- 20

(2- oxo-cycl ohexyl )sul foniunm trifl uoromet hane sul fonate and

2- oxo- cycl ohexyl net hyl (2- nor bornyl )sul foniumtri -

- 42- f I uor onet hafie suffonate; a |d/|n1des such‘as / tFFquordhethyl

sul f onyl oxy- 7- oxablcﬁcbquéz,l]hept- - CH,-€Re—2; 3-
trifluoromnethyl sulfadnyl ox 0 bi cfcllo o[ 2, 212]hept -e e-2, grboxy i m de
and 5 trifluoronethyl sulffonyl xy/sucklnlntde zod| ul f Sﬁ

conpounds such as 1-cycl ohgxyl
et hyl sul fonyl ) di azonet hane, b
sul f onyl ) di azonet hane, bis(I - Iethylsulfonyl) di azonet hane,
bi s(cycl ohexyl sul fonyl ) di azonmet hane, 10 :

bi s(i sopropyl sul fonyl ) di azonet hane, bis(tert-

but yl sul f onyl ) di azonet hane, tert- butylsulfonylnethyl sul f onyl

di azonet hane and cyclohex&%%y%% @Q ~sen; lﬁi égm gﬁ_ %“%&%Hgygfgg%ﬂﬁﬁg

The sol vent used in the case usi ng klng age

present inventi gponN ekpBsure t'bei'lﬁththmé‘i@ﬂn'a@%éfay a%r@%ia‘%feé hasea
capabl e of i ssolving the cross-linking agent of the present

photoacid generator") which is used in combination with

the cross-linking agent of the present-invention in the
5 resist composition may be any of photo-sensitive
compounds which generate an acid upon exposure to light
and give no bad influence upon formation of a pattern.
Among them, those which show high transmittance around a
wavelength of 193 nm and maintain high transparency of a
10 resist composition, or give enhanced transmittance around
a wavelength of 193 nm upon exposure to light and
maintain high transparency of a resist composition are
particularly desirable. |
Examples of such preferable photoacid
15 generators include commercially available ones, that is,
sulfonium salts such asltrimethylsulfonium/trifluoro-
methane sulfonate, triphenylsulfonium/trifluoromethane
sulfonate, cyclohexylmethyl(2-oxo-cyclohexyl)-
sulfonium/trifluoromethane sulfona;e, cyclopentylmethyl-
20 (2-oxo-cyclohexy1)sulfonium/trifIuoromethane sulfonate

and 2-oxo-cyclohexylmethyl(2-norbornyl)sulfonium/tri-



i nveriti on, the al i phatic al kali-soluble polyner and the phot oaci d
generator. Particularly, solvents inproving 20 good filmformng ability

and havi ng no absorbance around a wavel ength of 190 to 400 nm are
pref er,abl y.used. Speci fic exanpl es of the solvents are nethyl
Cel | osol ve acetate, ethyl Cellosolve acdtare, propyl ene gl ycol

. ethyl sk | '
D ont o BP0 Eomge R PRI O SHRSRRISETL 3 bt 5

3- met hoxypr opi onda m de,

hyl h
mothy 1actato, ERGroRarand. safPendteg aeiR PRy HEs ahap Sh: o T T ©

N- et hyl - 2- - -di $ond : xgone,
Cyc ohexanone, neRyl ArfiFeRepaYdinide, erifiuoronCiny] sullthilouye

di et hyl ene gl ycobj 8pae8gbhgl, 2 jhepteshene-di, stbrrbosygliydde dindet hyl: et her,
et hyl ene gl ycol nonoi sopropyl ether, etc. 5 The resi st
conposition & taeiplaseoiethydnsudfionyloxgospeiciaimides;l yinzodisulfone
above-nmenti oned four conponents (i.e. (b) the cross-linking agent of
the present compenndensuch) ashd -pycllohexylsuddonydr1-(d), lidemathfat i ¢

al kal i -sol ubl e polyner and (d) the solvent), and, if 10 npecessary, may

further contain ehBydsukspaylVdipgrmethaneapddsddyd -SdOP Y 1@ RYA7o0f | uor ene
O diazo- 10 | SPAERBHEARSAEOTBEDRNe: RORISBEIYISEI SR, o (2-
EthOXyEthoxy)nEtgx&z%&%%%%%%qebi%]g%b&%h@%§f§&f¥8%¥?¥aﬁgzomethane, '
10 Dbis(isopropylsulfonyl)diazomethane, bis(tert-
| butylsulfonyl)diazoﬁethane, tert-butylsulfonylmethyl
sulfonyl diazomethane and cYclohexylsulfonyl
ethylsulfonyl diazomethane.
The solvent used in the case of using the
15 cross-linking agent of the present invention in the
resist composition may be any of those capable of
dissolving the_qross-linking agent of the present
invention, the aliphatic alkali-soluble polymer and the
photoacid generator. Particularly; solvents improving
20 good film~forming ability and having no absorbance around
a wavelength of 190 to 400 nm are preferably used.
Specific examples of the solvents are methyl Cellosolve
acetate, ethyl Cellosblve acetate, propylene glycol
monomethyl ether acetate, propylene glycol monoethyl
25 ether acetate, methyl léctate, ethyl lactate, 2-
ethoxyethyl acetate, methyl pyruvate, ethyl pyruvate,
methyl 3-methoxypropionate, ethyl 3-methoxypropionate,

N,N-dimethylformamide, N,N-dimethylacetamide, N-methyl-2-



15 ant hracene, 9-anthracene nmethyl acetate and benzophenone.

The resist conposition may still further contain one or nore
sensitivity regulators [such as pol yvi nyl pyridi ne, poly(vinyl

pyri di nelnmet hyl met hacryl ate), pyridine, piperidine, triethylamne,
tri- 20 n-propylamne, tri-n-butylam ne, tTi%ttylamne, tri-

benzyl am ne, dicycl ohexy] am ne I cycl ohexyl net hyl am ne, '
tetranethylannon%&mqﬁ;ﬁ485%ﬂadﬂé;éaéﬁﬁﬂﬂgg%nﬂﬁéﬁgl egkﬂﬁuh%ﬁﬁ?ﬁx 2-
tetra-n-butylannqﬁi oxi ge met hyl.- 2-nyrrol i done

pl asticizers [sucC ﬂégsg rg%hg’h%’qp c@%gﬁagkeé, cﬁf}h&flbeu eylgla%t%lalma?r}ao"één%‘%l]l‘ propyl
phthal ate]; orgaRiheli Fethyldn IS ﬂé?eﬂ ' I | '

2- hydr oxy- napht Hal er?e- :? car bg}ﬁl I C ?m ) ﬁn%r%bre'nﬁﬂfla%%?leCOI
phthalic acid, sugfFidlisopdpardnad, ot acid] and :

-44- surfactants [such as commercially avail abl e nonionic

surfactants, Bationic surf@ieaniesisniconposiiviccichithe presuik fintesntiton
type surfactants {such as one being put in t he market under the trade
nanes of Fl uor ad qomprizés raimdiye thef @dbdwe-Sidvtidvied Mdio: ,cdnpbrentd-TOP (a
trade name, nfd. zy TOHKEMPRODUCTS Corp. ), SURFLON (a trade nane,
nfd. by Asahi d dds€Go.(P)Ltthe crmssddmking tagant of theapresdnt by -Neos,
Co., Ltd.), MEGAEAC (a trade nane, nfd. by Dainippon Ink and _ .
Chenical s, |nc.) iRVEARNINE Ga theo Phataaeid) genggatony (8 Kihe B EeE S

Formit 1 on of a pAYELATHRIR Sgmse @t (d) The Sotvene ) Had M se | ¢
10 necessary, may further contain one or more UV-light
absorbers such as 9-diazofluorene and-its derivatives, 1-
diazo-2-tetralone, 2-diazo-l-tetralone, 9-diazo-10-
phenanthrone, 9-(2-methoxyethoxy)methyl anthracene, 9-(2-
ethoxyethoxy)methyl anthracene, 9-(4-methoxybutoxy)methyl
15 anthracene, 9-anthracene methyl acetate and benzophenone.
The resist composition may still further
contain one or more sensitivity regulators [such as
polyvinyl pyridine, poly(vinyl pyridine/methyl
methacrylate), pyridine, piperidine, triethylamine, tri-
20 n-propylamine, tri-n-~butylamine, trioctylamine, tri-
benzylamine, dicyclohexylaﬁine, dicyclohexylmethylamine,
tetramethylammonium hydroxide, tetraethylammonium
hydroxide, tetré-n-butylammonium hydroxide and N-methyl-
2-pyrrolidone], plasticizers [such as diethyl phthalate,
25 dibutyl phthalate and dipropyl phthalate]; organic acids
[such as salicylic acid, lactic acid, 2-hydroxy-
naphthalene-3~carboxylic acid, 2-nitrobenzoic acid,

phthalic acid, succinic acid and malonic acid] and



resi st conposition of the present invention can be conducted, for

I nstance, as follows. 15 The resi st conposition containing the
Cross- | i nki ng agent of the present invention is applied to a
substr.ate for, a sem conductor device such as iilicon wafer to forma
| ayer having a thickness of 0.3 to 2.0 [erF]ﬁ1 = (when the layer is used

Ferrlm. and t hes@¥fackinkd! T&pcf ag, BEBroiATsy pESTiapae plot il 0
for 10 to BQuEE?g%Eﬁggﬂ éEt@%g@E %ﬁQESEELQtSQrQB%%%HEVé@QfE%t%%QEﬁVr]C

on a hot plate secon hen, a mask for

obtai ning the deghaedipakifentype sutfiktaadso(suchhast bhe ®lidignght a3 st
filmand a deep UV-1ight having a wavel ength of 220 nmor less is

i rradi at ed t her e6heaimagkeesanderlthe tadelnamesr off, Fladradeda tradey
baking at 60 to 150[err]C, preferably 80 to 110[err]C on a hot :

- 45- pl & e hameGOmfd.18y SUMITEMOalBMy CodgvditdprentERTOM a0 trade to
5% aqueous tetranet hyl anmoni um hydr oxi de ( TMAH) sol uti on or other

al kal i ne devel ophamesomfidi.obyi FOHKEMPRORYGESe §oa® -t)he SURFHON AR f3Rad® 5 to

3 mnutes by a dip 5 nethod, a puddle nethod, a spray nethod or other
conventional net ABBe WREAebPY: RS2l E&Psﬁeggt'i'vé‘tﬂ;t)t'erFrT'ergentca‘r? B39 ned

O e Ut 2o e vcerB By Bk 3 Fpute 8 ide M’

mfd. by Dainippon Ink and Chemicals, Inc.) and UNIDYNE (a

10 trade name, mfd. by DAIKIN INDUSTRIES, LTD.)}], which
have conventionally been used in this -technical field.

Formation of a pattern with the use of the

resist composition of the present invention can be
conducted, for instance, as follows.

i5 The resist composition containing the cross-
linking agent of the present invention is applied to a
substrate for a semiconductor device such as silicon
wafer to form a layer having a thickness of 0.3 to 2.0 pum
(when the layer is used as the top coaf layer in three

20 layers, the thickness is 0.1 to 0.5 um), and the
resultant is prebaked at 70 to 130°C in an oven for 10 to
30 minutes or at 60 at 150°C, preferably 60 to 110°C on a
hot plate for 180 seconds.

Then, a mask for obtaining the desired pattern

25 is placed over the thus obtained resist film and a deep
UV-light having a wavelength of 220 nm or less is
irradiated thereon at a dose of 1 to 100 mJ/cm?, followed

by baking at 60 to 150°C, preferably 80 to 110°C on a hot



10 aliphatic alkali-soluble polymer is usually 1 to 30 parts by

wei ght, preferably 1 to 20 parts by weight of the phot oaci d gener at or
and 1 to 40 parts by weight, preferably 1 to 20 parts by weight of the
cross-li nki'ng- agent based on 100 parts 2¥ wei ght of the polyner. The -
15 anobunt of the solvent in the resist conposftion of the pr esent

I nvention i s not | akhYtbl TBhE o | Qg ' | f
negative workingpﬁgggs%b%oh%ogbt oh dede g?gaiig, deggggbh%?%g%%ﬁ% %h%

al i phatic al kal i tgob§bhgueous 98£¥Hﬁétﬁ9iahﬂ8nﬁﬁﬂtH?ﬁkgxgaaer to a
substrate is not 20 hindered. The anmount of the solvent is dener IIy

Wi t hin the sengeioh ortetRBrpalkalbyevaegbliopihgf ebalityoh 3stO 10
parts by weight per part by weight of the polyner. The
devel opi ng sol ut condustddi onvaheonesultanpr fioesfeS tor 3f minungsabyalat &ip
mentioned above is 25 selected froman aqueous al kaline sol ution having
such a sui t methodendepuddieometibodei agspapybmetbbdc aus ohhea | ar ge
difference in solubility of the resist nmaterial between t he exposed
part and the noncggﬁg§§aopg;tmeﬁhod, whereby the object negative pattermg-
accordance with a bublllt of a resist material used. The aqueous

al kal i ne solutloﬁaPn ?u58§m 9BukBEsSubsStragPut i on containing an organic
am ne such as tetranethyl ni_u

hyd
tetraet hyl ammoni um hydr oxi 38¢ mBXL“gtFQSFS §%gﬁhﬁn|%ﬁﬁﬁ?éﬁ8kﬁ&g agent of
tetrabutylannnnlgﬁb pres XgrQKbg§t18H°|Eﬂg ﬁ%@iﬁobﬁﬁbggtoEDrQﬂ@ I ne,
ot pho SO a

and 1- met hy I ne an équeou ut’i on®containi ig an
10 aliphatic alkali-soluble polymer is usually 1 to 30 parts

by weight, preferably 1 to 20 parts by weight of the
photoacid generator and 1 to 40 parts by weight,
preferably 1 to 20 parts by weight of the cross-linking
agent based on 100 parts by'weight of the polymer. The

15 amount of the solvent in the resist composition of the
present invention is not specifically limited so long as
application of the negative working resist composition
obtained by dissolving the aliphatic alkali-soluble
polymer and the photoacid generator to a substrate is not

20 hindered. The amount of the solvent is generally within
the range of 1 to 20 parts by weight, preferably 1.5 to
10 parts by weight per part by weight of the polymer.

The developing solution used in various

processes for forming a pattern mentioned above is

25 selected from an aqueous alkaline solution having such a
suitable concentration as being capable of causing a
large difference in solubility of the resist material

between the exposed part and the non-exposed part in



i norgani ¢ al kal i ne compound such as sodi um hydr oxi de and pot assi um

hydr oxi de. 10 The substrate for a sem conductor device
i ncludes a silicon wafer, polysilicone, a Ti N substrate, a BPSG
substrate, ‘an: anti-refl ective substrate, etc,_The Substrate is

preferably treated previously with an agent 46 - ¢ or treating substrate

such as hexanet iyl gl akhagWeen 1 4SUBSL 1oy of o rosips WHERSLALuBRat C

al kal i -sol uble p contai NTng a no unrt - represente He

formia [33]  Tn@SaguibhbChikalife BONGEIohS iHEe]aas hicaRALYIE! I {he

resi st conposition of "'the present 1nvention, t ow'ng remarkabl e

effect can be atisl@t€fonNesRt¥iniRg an or§8AREShhiAB SHeWSabi §Bekamethyl-
transm ttance agai nst deep UV- | i ght "as conpared with polynmers which

have so far beerammoniumehlydpoxide FTMRHp,I peseaet8h¢lbmmbhtumahydroxide,
cross-1inking reaction takes place 1n the presence of the
cross-linking 26etyapropplammonigh hydnerideantetagbutygilanmopitiv-|i ght,
which is represented by the formula [1], £2] and/ or [ 3] and the

phot oaci d gener atyiresidaat cholbed, nbgaethanolaninesi morpholdng,i sndbilai ned
after the al kaline . - 47 -

devel opnent, resSBRHRRYPFPRRAIRG, i 2nQ038; pEBSPYS Solukianf geptpéning an
sem conduct or deyi ces havingkgych hi rat ondycgt or

hi i nt d '
i ntegrated circufrganic a ine 8mpé“ch85hﬂzg FﬂgﬁuiﬁgggFﬂxFée and

generated by potassium hydroxide.

10 The substrate for a semiconductor device
includes a silicon wafer, polysilicone, a TiN substrate,
a BPSG substrate, an anti-ref;ective substrate, etc. The
substrate is preferably treated previously with an agent .
for treating substrate such as hexamethyl disilazane

15 (HMDS).

When.an aliphatic alkali-soluble polymer

containing a monomer unit represented by the formula [33]
as a structural component is used as the polymer in the
resist composition of the present invention, the

20 following remarkable effect can be attained. Namely, the
composition shows higher transmittance against deep UV-
light as compared with polymers which have so far been
used for the same purpose, and further a cross-linking
reaction takes place in the presence of the cross-linking

25 agent having high transmittance against deep UV-light,
which is represented by the formula [1], [2] and/or [3]
and the photoacid generator so that a good negative

resist pattern is obtained after the alkaline



5irradiation with any of a deep UV-light, KrF excimer | aser beans,

el ectron beans and soft X-ray to cause chem cal anplification in the
resi st conposition of the present invention by suitably selecting the
photoaci-d + . generator. Therefore, the resist conposition of the 10
present invention can be said as one which-chh forma pattern using

hem cal lificati by i di at | . ith d W-1light, KrF
el 1 20Er e PBpBNET Yot R LR pating "L TudeEBLe Yo | PTh M o
d . f ' hani ' | ai ned. i n. 15 case
o?sfhe resi st cd%%%g#€?%€§%o%%gfﬁ%ﬂ%u?ﬁggciggigééShgé??ﬁL?ﬁghggéﬁplgf theS

present inventiOfntgﬂfaﬁgétﬁéﬁf&oﬁ%¥c5%ﬁ £H€e§§%£e3X89§ﬁgi£Q a_deep

UV-1ight having a wavVel engt nm o éss such as ArF exciner

laser beans ([err] = #03j8Mecégnpréd tRatCaRrated by @eﬁagaeeaesgtion
shown 20 by the follow ng [equation 1], [equation 2], [equation |

et c. [equatippradiation]|with any of a deep UV-light,-K#B excimbgquation
2] [err] [ equati on 3]
laser beams, electron beams and soft X-ray to cause
chemical amplification in the resist composition of the
present invention by suitably selecting the photoacid
generator. Therefore, the resist composition of the
10 present invention can be said as one which can form a
pattern using chemical amplification even by irradiation
with a deep UV-light, KrF excimer laser beams, electron
beams or soft X-ray at a low irradiation dose.
In the following, mechanism is explained in a
15 case of the resist composition containing the cross-
linking agent of the present invention. For instance, in
the part exposed to a deep UV-iight having a wavelength
of 220 nm or less such as ArF excimer laser beams (A =
193 nm), an acid is generated by a photo reaction shown
20 by the following [equation 1], [equation 2], [equation
3], etc.
[equation 1]
T hv
CH;—S" ¢ CF380,” ——> CF3S0;H

CH,



[err]” After the exposure process, the resultant is

heat ed, whereby a cross-linking reaction is occurred bet ween the
hydrophilic group of the polyner of the present invention and the
cross-linking agent containing 5 2 or nore éxmy groups in the presence of -
an acid as illustrated in the [equation So as to nmake the polyner

al kal i -i nsol ubl e. .equaijon 4] [err]

- 49 - %equatéﬁg¥%g ot her hand, in the part not exposed to

light, no acid is generated and thus no chem cal reaction t akes pl ace
even by heating, and as a rqfult the pol yner remai ns al kal i - sol ubl e.
In this way, when a pattern,”5 formation is conducted with the use of the
resi st conpositionﬂﬂc¢he present invention, there is caused a
difference in solubility inyangséatifne de\Le.LBﬁﬁ_l:Lg_,> od@ltyon bet ween
the part exposed to |ight and the part q@toexposed to | 'ght, and thus
a well-contrasted negatﬂnﬁ\lo pattern is f or ied. The
present invention is furtherOexplained in details referring to
Exanpl es and Reference Exanpl es, but

[equation 3]

o
o

—

—CHSO;H

1
(o) = (o -
| H,0

After the exposure process, the resultant is

O=

=
O—=tn=0
O=w—

heated, whereby a cross-linking reaction is occurred
between the hydrophilic group of the polymer of the
present invention and the cross-linking agent containing

5 2 or more epdxy groups in the presence of an acid as
illustrated in the [equation 4] so as to make the polymer
alkali-insoluble.

[equation 4]

OH Q 0 H‘ 0- CHZ H
: H —_ —-r
heating 0-C—8—C -0




it i5 not limted thereto by any neans. The photoacid
generators used in the Exanples 15 can be synthesized by the nethods

disclosed in JP-A 7- 25846, T.M Chapnan et al, Synthesis, 1971, p
591; .and *+ . T.M Chapnan et al, J. Og. CB m vol 38, p 3908 (1973),
t hese references being incorporated herein reference. Exanple 1 20

[err] esl s of

1,3,5-tris(3-cyghghexensg ﬁ@&ﬁoﬂﬁ|%éﬁkrated afiC tPR@X }VE chemical react16H3
1.32 g (10 mmol ) of cyclohexane 173,5-triol . (a mxture of cis- and

trans-isomners) @b&%@'pﬂdcbne3ﬁnﬁby heatfingy addn@swas reddad dreapMima yndrl 9
(45 mol ) of 3- cycl ohexene carbonyl chloride within 30 nlnutes at
S[err]C or readihs Bokhaawedolybdki.r r ithg thli sO way Skeven @ fparctediours to
allow the reaction to proceed. After the reaction, the reaction

sol uti on was5 pofoethaition dshmcondueted WAth the use bPothedmredilsyric acid
and 50 m of ice water, and the resultant was extracted with 30 m of
chl or of or m t hr egompos itiipas of Tk ec Prigisead dnyemitd odnay ehengeris wesiastl tani ce
with 30 m of saturated sodiun1bicarbonape sol ution and then with 30
n of saturat eddddderores dn Folabiddityn igngn 3xkadiidg SAsvelaming ous

magnesi um sul f at e. e sol vent
g soluglon etween é%e part exposed to light and the part

Synthesis of 1,3,5-tris(3¢g4- %ggxgtﬁgglgg%éanqn 5he %&Qp?%{ é%%&%%% hexane
yn

not exposed to light, and thus a well-contrasted negative
ld pattern is formed.

The present invention is further explained in
details referring to Examples and Reference Examples, but
it is not limited thereto by any means.

The photoacid generators used in the Examples

15 can be synthesized by the methods disclosed in JP-A 7-

- 25846, T.M. Chapman et al, Synthesis, 1971, p 591; and
T.M. Chapman et al, J. Org. Chem. vol 38, p 3908 (1973),
these referénces being incorporated herein by reference.
Example 1

20 Synthesis of 1,3,5-tris(3,4-epoxy cyclohexane

carbonyloxy)cyclohexane



renoved under reduced pressure to give 4.6 g of the desired
1,3,5-tris(3-cycl ohexene carbonyl oxy)cycl ohexane as a pale yellow oil.
1H-NWVR [err] ppm (CDO 3, 270 MHz): 1.37-2.71 (m 27H), 4.79- 20

5.33 (m:3H),- 5.68 (s, 6H). (2) Synthesi% of 1,3,5-tris(3,4-epoxy

cycl ohexane car bonyl oxy) cycl ohexane ~ 50 - To a m xture of

R N e L e

chloride, was adggdidndRafle (17.1 mol ) of netachl oro perbenzoic acid,
fol | owed by refluxing for 30 mnutes to allow the reaction to

proceed. After the reactiomo 203p1 gof 10EABL§N8£CRYRN bHBXane-1,3,5-triol
- 51 - - was added to the reaction solution and the resultant was

washed twice wtha3fiirtupé eft uistedndodirtfisbigame2syt Gissolvedl Wnhi:-Qo and
then with 30 ml of saturated sodium chloride solution and dried over
anhydr ous magnesbfinpyuidiane. wahead8edsdirvpwiseas . 5angyv¢dSunnel )r eduged
pressure and the resul ting crude product was purified by colum _
chr omat ogr aphy [ p¥ekPhgxenakegrbony2oohlpuideawithdd 3Adminutesohd 57 O\&iro
Pure Chemcal In ustrieg, ktd.&; el uent: n- hexane/ et hyl acetate =
3/2] to give 2.04°%e¥yi EPYlowedoby stirginghatqfsitred €, 505- &r houzrsstopoxy
cycl ohexane r bopyl oxy) cycl ohexane as Vi us |l e yell Qqw oi |
TR Lorr] ppribity SheobbhREEeR 530202363, 1y 3337 BheTstactitn’ the
3.23 (each s, to£3£c@t%n éozgtion was poured into a mixture of 50 ml of
10 10% hydrochloric acid and 50 ml of ice water, and the
resultant was extracted with 30 ml of -chloroform three
times. The combined organic layers were washed twice
with 30 ml of saturated sodium bicarbonate solution and
then with 30 ml of saturated sodium chloride solution and
15 dried over anhydrous magnesium sulfate. The solvent was
removed under reduced pressure to give 4.6 g of the
desired 1,3,5-tris(3~-cyclohexene carbonyloxy)cyclohexane
as a pale yellow oil.
'H-NMR § ppm (CDCl;, 270 MHz): 1.37-2.71 (m, 27H), 4.79-
20 | 5.33 (m, 3H), 5.68 (s, 6H).
(2) Synthesis of 1,3,5-tris(3,4-epoxy cyclohexane
carbonyloxy)cyclohexane |
To a mixture of 2.17 grams (4.75 mmol) of
1,3,5~tris(3-cyclohexene carbonyloxy)cyclohexane obtained
25 in (1) and 20 ml of methylene chloride, was added 2.95 g
(17.1 mmol) of metachloro perbenzoic acid, followed by

refluxing for 30 minutes to allow the reaction to

proceed. After the reaction, 20 ml of methylene chloride



5.08 (each brs. total 3H). 15 Exanple 2 Synt hesi s of

1,2,3-tris(3,4-epoxy cycl ohexane car bonyl oxy) pr opane (D

Synt'hesis of 1,2,3-tris(3-cycl ohexene carbonyl oxy) - propane 20

d ycerine in an amount of 2.76 grans (30 ngn%%, 9.56 g (94.5 mmol) of
triethylamne and 15 m of met hyl ene ch ride were nixed and cooled to

sferr] C or '°Wer¥za§ ad -Fr 8 t8echesul EEQFH‘ ﬁfﬂ!{:ﬁ %Sa?nﬁqféﬂggﬁrggg'lﬁn@w% 9

(90 ohexene carbony orid m nut es

foll owed by St'rﬁhQHeﬁoﬁwﬁcQOUiEhaBOomloo§[EEELEEEQd sodighl 8Wchh®onadel i on
to proceed. After the reaction, 30 met hyl ene chl ori de was added

to the reaction gelutien and tRefl tvhehr seumaat watuvatkad sedim3ehTordde5%
- 52 - hydrochloric acid, 30 m of water and 30 ml of saturated

sodi um chl ori de sollution andt driedr deeraanhgdredsomagnesiumashjydates The
magnesi um sul fate. The sol vent was renoved under reduced pressure and
the resul tind cragdévensdwas reémoved pudeti veédbgedopuessuireoandodhaphy

[ packi ng: Wakogel C- 200 énanufactured and sold by Wako Pure Chemn cal

| ndustries, Ltd.¥eselténg: crudexpreduckywagcpugidied 3%2]C°1umnto gi ve 10.0

I el d: 80. 09 f the object 1,2 tris(3 hexene
gaﬁ%onyloxy)pré%ﬁﬁﬁoﬁétagﬁéPngéPPS%FBEP E@ge}HgN%QS[éPPP“EBﬁFPGB@ gnd270

?ﬁ?)GF; 63 é778 gnhdSE% Wako Pure Chemical Industrles, L&gl)?H)luen%s

hexane/ethyl acetate = 3/2] to give 2.04 g (yield: 85.0%)
10 of the desired 1,3,5-tris(3,4-epoxy cyclohexane
carbonyloxy)cyclohexane as a viscous pale yellow oil.
IH-NMR § ppm (CDCl;, 270 MHz): 1.34-2.70 (m, 27H), 3.16,
3.23 (each - s, total 6H), 4.78,
5.08 (each brs. total 3H).
15- Example 2.
Synthesis of 1,2,3-tris(3,4-époxy cyclohexane
carbonyloxy)propane
(1) Synthe51s of 1,2,3~tris(3-cyclohexene carbonyloxy)-
propane
20 Glycerine in an amount of 2.76 grams (30 mmol),
9.56 g (94.5 mmol) of triethylamine and 15 ml of
methylene chloride were mixed and cooled to 5°C or lower.
To the resulting mixture was added dropwise 13.01 g (90
mmol) of 3-cyclohexene carbonyl chloride within 30
25 minutes, followed by stirring for 6 hours at 0 to 5°C to
allow the reaction to proceed. After the reaction, 30 ml
of methylehe chloride was added to the reaction solution

and the resultant was washed with 30 ml of 5%



2.68 (m 3H), 4.08-4.25 (m 5H), 5.68 (s, 6H). (2)
Synthesis of 1,2,3-tris(3,4-epoxy cycl ohexane 15 carbonyl oxy) propane

To-a mxture of 1.68 granms (4.03 mmol) of 1,2,3-tris(3-cycl ohexene

car bonyl oxy) pr opane obtained in (1) and 10 m of nethyl ene chloride,
was added 2.50 g (14.5 mol ) of netachl aro Tper benzoi ¢ aci d, follomed

by | 20 refl uxi nanbtobigind A, oudt B LG WP gt sa

t he reaction, ene dhlori de vvas a e reac |on

sol ution and thegpag bt ‘i”:‘i‘llo‘ﬁﬁe"‘@%ﬁ?@ on inl WHI% rﬁdérl%r{g i AT

sodi um bi car bonate sol uti on en wth 15 f saturated so |um

chloride sol uti oanh$drone Haghesai sA1PAHOUS THI MSIvERLS WA iremohed
sol vent was renoved under reduced pressure and the resulting

crude product wasnder frieciced palesstrehamnitdhg’ a@sulting [qrarie r;gr:od:wqogel
C-200 (manufactured and sold by Wako _

53 - Pur e5 Cheaisc puriifdest byesolumb chreomadmgraphye {peadkdiniyd Wakogel
acetate = 3/2] to give 1.54 g (yleld 82.0% of the obj ect

1,2, 3-tri s(3,'4-e§0%39°c3£@15@h1é 19@@5@3@ by Wakm@pmﬂat‘d@mqalscous
pal e yell ow oil . %ﬁ.r] ppn1( 3, .270 NPE) 1.39-2.62 (m 7H),
3. 18, | nduﬁtff}e(sea ds ) it Glyenss) n-hexane/ethy aggtate = 3/ 2]

Eggﬁéﬁ?g_e EE(Z‘:TH ?:o give §¥Jnt hesi %r:l.oeflda %%I )brge)r Cforl:thaeI rgbn]gec;[th%. fé)lii-trinsqw
cyclohexene carbonyloxy)propane as a pale yellow oil.
10 !H-NMR § ppm (CDCl;, 270 MHz): 1.63-1.78 (m, 3H), 1.97-
2.17 (m, 9H), 2.25-2.29 (m, 6H), 2.57-
2.68 (m, 3H), 4.08-4.25 (m, 5H), 5.68
(s, 6H).
(2) Synthesis of 1,2,3-tris(3,4-epoxy cyclohexane
15 carbonyloxy)propane
To a mixture of 1.68 grams (4.03 mmol) of
1,2,3-tris(3-cyclohexene carbonyloxy)propane obtained in
(1) and 10 ml of methylene chloride, was added 2.50 Q
(14.5 mmol) of metachloro perbenzoic acid, followed by
20 refluxing for 1 hour to allow the reaction to proceed. -
After the reaction, 10 ml of methylene chloride was added
to the reaction solution and the resultant was washed
twice with 15 ml of saturated sodium bicarbonate solution
and then with 15 ml of saturated sodium chloride solution
25 and dried over anhydrous magnesium sulfate. The solvent
was removed under reduced pressure and the resulting |
crude product was purified by column chromatography

[packing: Wakogel C-200 (manufactured and sold by Wako



A mxture of 21.1 grans (80 mmol) of 8-(4- 10

hydr oxymet hyl -tricycl o[ 5, 2,0[ err]]decanyl ) net hacryl ate, 1.72 g (20
mrol) of methacrylic acid, and 60 ml of anhydrous t et rahydr of ur an
(hereinafter, -abbreviated as THF) was _ pared, followed by heating at .
65[err]C and then 0.71 g (4.3 mmol ) of azobi sisobutyronitrile
(hereinafter, Iyedftemad£d ARduAN, Wasd apdesh ddve etharbeepsienyly a
pol ymeri zation reaction was conducted at 65[errﬁc for 5 hours under a
nitrogen gas strfpetat¥ ter31hp teagivern.31gg (yieldacs2 ops pabfit tipd was
poured into 700 m of n-hexane to precipitate a polyner. The pol yner
was col |l ected byob#fct il 2 A3+t safdl, dremaky ccyp Mehetake gcdbahyllo8Bys of

t he desired product. The structural ratio of 8-(4-

hydr oxynmet hyl - t rpogpané 539, 0 26] skeees\pd ketyekkgw okl . :

- 54 - uni t/methacrylic acid unit of the resulting pol ymer was

found to be &boUH-0MER:80 pp& HEDCHNVET deldEz) erbnd9-A. 62 (mei gRH)avar afe

mol ecul ar wei ght (Mr) and a dispersity were 13,700 and_1.75,
respectively, by GPC (gel 352%etPRehidon tPhdhedBYr abhQ?-4od2eh®: FHiR

measur enent §§£Q¥E£QEVE£X£§ES fs a st andar d.

Synthesis of a polymer containing the following segments.
o 52
CH,—C CHy—C—
e U R
OH
0

A mixture of 21.1 grams (80 mmol) of 8-(4-

10 hydroxymethyl-tricyclo[5,2,OZj]decanyl)methacrylate, 1.72
g (20 mmol) of methacrylic acid, and 60 ml of anhydrous
tetrahydrofuran (hereinafter, abbreviated as THF) was
prepared, followed by heating at 65°C and then 0.71 g
(4.3 mmol) of azobisisobutyronitrile (hereinafter,

15 abbreviéted as "AIBN") was added thereto. Subsequently a
polymerization reaction was conducted at 65°C for 5 hours
under a nitrogen gas stream. After the reaction, the
reaction solution was poured into 700 ml of n-hexane to
precipitate a polymer. The polymer was collected by

20 filtration and dried to give 18.9 g (Yield: 83%) of the
desired product. The structural ratio of 8-(4-

hydroxymethyl-tricyclo[5,2,0zj]decanyl)methacrylate



Ref erence Exanple 2 Synt hesis of a polynmer containing the follow ng
segnents [err] _ A m xture of 20.3 grans (85 mmol)
of (8- 10 hydroxynethyl)nethacrylate, 1.29 g (15 mmol) of

met hacrytic acid, and 60 m of dried tetrah grofuran was pr epar ed,
foll owed by heating at 65[err]C and 0.71 ¢ % .3 mol ) of Al BN was
added thereto. Then, hzati sl 8aCthan (o

65[err]C for 5 Hgbggmﬁﬁéé?§§1i§55%??rggéﬁ ggskggrég%?lﬁ thigﬁ régngon,
the reaction ff)uﬁal thi BB WBSuRCW.82:00N1@ BROIALNER RehS¥gBReh®. A
precipitate a polyner. The pol yner was coll eCted by filtration and
dried to give 13e8g8tC¥verdgeSa¥lleehilalte weightdq¥iw)edndr edudilspelisd ty
structural ratio o? (8- 20 hydroxymentyl)methacrylate unit/nethacrylic
acid unit of  were 13,700 and 1.75, respectivelyi5by GPQ hgelesul t.i ng

pol ymer was found to be about 0.86:0.14 by 1H NMR neasurenent. A
wei ght - aver agle pelr@ealtdionveihgioma tograihly ,asth lavetitsp dIHH )t ynagsuredmantd to be
14,500 and 1. 87, respectively, by GPC (gel perneation chromatography,

5 sol vent: THF) usdagupedmsityrsineg gsolay stbangardas a

Reference Example 2

Synthesis of a polymer containing the following segments

A mixture of 20.3 grams (85 mmol) of (8-

10 hydroxymethyl)methacrylate, 1.29 g (15 mmol) of
methacrylic acid, and 60 ml of dried tetrahydrofuran was
prepared, followed by heating at 65°C and 0.71 g (4.3
mmol) of AIBN was added thereto. Then, polymerization
reaction was carried out at 65°C for 5 hours under a

15 nitrogen gas stream. After the reaction, the reaction
solution was poured into 700 ml of n-hexane to
precipitate a polymer. The polymer was collected by
filtration and dried to give 18.6 g (Yield: 86%) of the
desired product. The structural ratio of (8-

20 hydroxymentyl)methacrylate unit/methacrylic acid unit of



st andar d. Exampl e 3 A resist conposition conprising the

fol |l ow ng conponents was prepared: 10 (a) the pol ynmer obtai ned
in Reference Exanple 1 4.0 g (b) a photoacid generator
0.2 g ) ’ (triphenyl sul foniumtritl ggr aret hane sul f onat e)

(c) a cross-linking agent of the follow ng formul a:
(manuf act ured andheokeshy tChBApcEyEBEruwder fauntl> to be abdutade 86xte. 14 by

CY-179) 0.4 g [err] (d) propyl ene
gl ycol nonomet hy 'HelliRrmeastrerent 16. B weight-average moTheuibovweighicst
conposition was filtered by 0.1 [err]mTefron filter, and the

resulting filtrat{¥waand a dispersddvedrere found ¢on bgafler,5Kblansivdd 8%,
baking on a 20 hot plate_at 90[err]C for 60 seconds to give a resist film

of 0.5 [err FRSPRCERVetNen byt FEC\dTSL PRTMSRIHCR CShLaATAELIHARR

is placed in a close-contact type exposure nmachine wherein the air was
sufficiently 3ubSCLVENEd meas“ﬁ%@@&&eﬁsd&ﬁ PRHYSEHEER A B th ArF
exci nmer | aser beans o - 56 -

([err] = 193 nnlsﬁﬁnﬁéggy at a dose of 10 mJ/cnjerr] through a mask on
which a pattern r . After the i rradiation, the resultant was
heat ed on a hot %ﬁ%?%ﬁggﬁﬂ

A resist composition comprising the following
components was prepared:
10 . (a) the polymer obtained in Reference Example 1 4.0 g
(b) a photoacid;generator o 0.2 g
(triphenylsulfoﬁium trifluoromethane sulfonate)
(c) a cross-linking agent of the following formula:
(manufactured and sold by CIBA-GEIGY under a

15 ' trade name CY-179) 0.4 g

0

.0
LT

(d) propylene glycol monomethyl ether acetate 16.0 g
The above resist composition was filtered by
0.1 um Tefron filter, and the resulting filtrate waé
spin-coated on a silicon wéfer, followed by baking on a
20 hot plate at 90°C for 60 seconds to give a resist film of

0<5 rm thick._ Then, the wafer on which-a film was formed
is placed in a close-contact type exposure machine
wherein the air was sufficiently substituted with

nitrogen gas, and irradiated with ArF excimer laser beams



120[ err] C for 60 seconds, devel oped with a developing 5 solution [2.38%

TMAH aqueous sol ution, tenperature 23[err]( by the puddl e nethod for
60 -seconds, and then subj ected ~torinsing with pure water for 60
seconds to give a negative type patternﬁgnth | ine and space of 0.18
[err]m (irradiation dose: about 10 nﬂTc ) 10 Exanmple 4

A resist conposi}jopn | Si h 0 $sS epar ed:
(a) the polyner &)‘%‘)taif gp ’dﬁ ebéﬁgi é& ?gsﬁ of 38”33?8& “ﬁi §ﬂ &
phot oaci d gener 3oLy on thch ttern was fo 849 &?t r th
(triphenylsul fontumtrifluoro nethane su onate ? ﬁ

cross-1inking agepta@bieisrd tHeE¥§§Hl€aﬁt0w§sgheated oﬁds nbepphaﬁé gkycol
nononet hyl ether acetate The above resi st

conposi tion was s20fecfed 60 seconﬁﬁ;naéVGMOpédawiehlatdévé&bpuhgadlatlon
heat treatnment 20 and devel opnent in the sane manner as described in
Exanpl e 3 to5i venlutiegaf2va8tyPMAHaageeousi sbhlithenantiemperaspaee 288¢CiIng

t he maxi num resol ution degree of 0.15 [err]m (irradiation dose: about
15 ml/ cnR) . by the puddhe mehhednéarabBveecendspr andnthenyenbijssteds
provi des a novel resist conp05|t|on used in _the praoducti on of

seni conduct or de%?cEinsipg with pPBESs?aFSF for spoPﬁFﬁﬁdé ﬁ&tﬂéyﬁ @sing the

resi st composi Ui gn a0 8 ¢ ne DOYELS 952! 12K"9,A0500 E05:7. 267,400 1 ve

(irradiation dose: about 10 mJ/cm?).
10 Example 4
.~ A resist composition comprising the following

components was prepared:

. (a) the polymer obtained in Reference Example 2 4.0 g
(b) a photoacid generator 0.2 g
15 (triphenylsulfonium trifluoro methane sulfonate)

(c) the cross-linking agent obtained in Example 1 0.8 g
(d) propylene glycol monomethyl ether acetate 16.0 g
The above resist composition was subjected to
formation of a resist film, irradiation, heat treatment
20 and development in the same manner as described in
Example 3 to given a'negative type pattern with line and
space having the maximum resolution degree of 0.15 um
(irradiation dose: about 15 mJ/cmz).
As mentioned above, the present invention
25 provides a novel resist composition used in the
production of semiconductor devices, etc., a process for
forming a pattern using the resist composition and a

novel cross-linking agent for an ArF negative resist



mat erial. The resist conposition of the present i nvention contains a

specific cross-1inking agent containing 2 or nobre epoxy groups per
nol-ecul e and an al i phatic al kali-soluble polyner, and thus the 5
conposi tidn makes it possible to forn1h|ghlysquallfied fine negative

type pattern using a deep UV-light of short mavelength such as ArF
e e o AiRetd13! S4rEAlesset hBB:410h Yo HCHARIRD! Sf AnCE.
on Y ous

For this reason, resi s composi can advant ag e utilized

as a 10 materi a'lnfv%t&b'ﬁ eonitABhs! %S%Fpeb:fﬁ% R2YRSI- M8 iRy agent! €Si St.
Therefore, the present invention has high value for fornatlon of fine

patterns in sen ¢conttdinGhg 2 or Mkl Bpdky Qirdups per molecule and an -
58 - WHAT IS CLAIMED IS: 1. A resist conposition conprising

(a) an aliphati cadliphlatisolalikad ipsiojuble polymer(,bans ¢mmpouﬂderephesented
by the formul a: Al-T1-R1-T2- A2 5! wherein R1 is a
di val ent al i phat comppsiddonh svakessiidupossiibdie ey foam hiLghdty |queshifred of
-0, -CO, -COO and -0OCO-; Al and A2 are independently an al kyl group
cont ai ni ng one ofiRG egatiyee %@%"FP%M P daep UVnddBHd & 1short

- - COO - OCO -R2-T2-
[g? : orT3 Favelength suc as ArfTéigamer laser béams and also can

attain good dry etching resistance. For this reason, the
resist composition cah advantageously be utilized as a

10 material for ArF exciﬁer laser beams negative type
resist. Therefore, the present invention has high value
for formation of fine patterns in semiconductor

industries, etc.



A3 ‘Wherein R2 is a trivalent aliphatic hydrocarbon residue which may
contain at |least one of -O, -CO, -COO and -0OCO; Al to A3 are

i ndependently an al kyl group containing one or nore oxirane rings; and T1
to T3-are~’ i ndependently, -O, -COO or -OCO, or A2 | T2 |

Al-T1-R3 -T3-A3 | T4 | A4  wherei B8RS is a tetraval ent

hydr ocar bon resi tain at | east one of -O, -CO, -COO and
-0CO; Al to %ﬁgg‘”ﬁ! Eﬁ‘gﬁﬁgﬁt |1§ *an al kyl group containi ng one or nore

- 59 - oxirane gings; and,T 4 n a@ X or

- 0CO-, 1. (c) a phAt %eég'rsl-sgl C% °€&%§g’§n§% SLn nerat es an acid

upon_exposure to |ight, anga 2)  fn allphg%caaasvaﬁmso%m@ SAfyrtizSsol Vi ng
the above conponents (a) t resi st conposition accor di ng
to Caim1, wherein Al anqbﬁ\z h”cbﬁ%oﬁxﬁﬁ”%rfejsbn%@@ bR el

cycl oal kyl group contai ning one or nore oxirane rings. A resi st

conposition according to CIA?J-'B}-R -T,-A, [1]

wherein R! is a divalent aliphatic hydrocarbon residue
which may contain at least one of -0O-, -CO_—, -C00~ and
-0CO-; A, and A, are independently an alkyl gfoup.
containing one or.more oxirane rings; and T, and T, are
independently, -0-, -COO- or -0CO-, |
. 2
AI-TI-T —Ty-Ry (2]

T3

!
wherein R? is a trivalent aliphatic hydrocarbon residue
which may contain at least one of -0-, -CO-, -COO- and
-0CO-; A; to A; are independently ah alkyl group
containing one or more oxirane rings; and T, to T; are

independently, -O-, -COO- or -0CO-, or

[31]
Ay

wherein R} is a tetravalent hydrocarbon residue which may
contain at least one of -O-, -CO0~, -COO- and -0CO-; A, to

A, are independently an alkyl group containing one or more

KRR O AP



wherein Al to A3 in the formula [2] are independently a cycloal kyl group
contai ning one or nore oxirane rings. 4. A resi st conposition
according to aiml, wherein AL to AAin the fornula [3] are _

i ndependerit|l y-a cycl oal kyl group cont ai ni ng pne or nore oxirane rings. 5.
A process for formng a pattern, which coﬁp? S€s a step of

applying a resis si.tiQn.o ai t E?” —O— - St ep
of subjecting théxgggﬁ tl}:%ti&gbbéﬁia b {B()%%ggt% ?%gggﬁgln atl’:ll ’ex;?os’urec’ﬁéo
light having a wgyelLgpgth of 220 nmor less through a mask, and

a step of developing the thus treated substrate using a devel oping

solution, if necessary, af{ey bakpRetolseatitire cbmpound whi¢hOgemleraltidy
agent for an ArF negative working resist material, conprising a conpound

represented by taa &olduupon exposure to light, and -60- :
Al-T1-R1-T2- A2 [1] wherein RL is a divalent aliphatic
hydr ocar bon resi due which(dldy sosoidientit capabileonéd diss0lvingOthe @boveand
-0CO; Al and A2 are independently an al kyl group containing one or nore
oxirane rings; afempengngsTalre&o {RAdependently, -O, -COO or -QOCO,
Al-T1-Re-T2- A2 2. A resggL_Lomposition l%cording to Claim 1,
wherein A; and A, in the formula [1] are independently a
cycloalkyl groﬁp containing one or more oxirane rings.
3. A resist composition according to Claim 1,
wherein A, to A; in the formula [2] are independently a
cycloalkyl group containing one or more oxirane rings.
4. A resist composition according to Claim 1,
wherein A; to A; in the formula [3] are independently a
cycloalkyl group containing one or more oxirane rings.
5. A process for forming a pattern, which
comprises

a step 6f épplying a resist composition of
Claim 1 to a substrate,

a step of subjecting the resulting substrate to
heat treatment and exposure to light having a wavelength
of 220 nm or less thfough a mask, and

a step of developing the thus treated substrate
using a developing solution, if necessary, after baking
treatment.

6. A cross-linking agent for ah ArF negative

working resist material, comprising a compound

represented by the formula:

* [ L M K} *



| ¢ A3 wherein R2 is a trivalent aliphatic hydrocarbon residue

whi ch may contain at |east one of -O, -CO, -COO and -0OCO; Al to A3 are
|ndependently an al kyl group containing one or nore oxirane rings; and T1
to T3 are” independently, -0, CII} or -OCQO., or A2 |- T2

Al- T1- R3- T3- A3 [3] 60 14 | A4 wherein
R3 is a tetraval ent hydroc r%p ue which may contaL at | east one of
-0, -CO, -COO and -0OCO: F are independently an”al kyl group
cont ai ni ng one UndPéfn RXIFAWE dlmsen@raﬂn%mcwia{&amrp@ﬁaue -0,
-COO- or -0CO-. A cross-1l1nking agent according to O aim6,

wherein Al and %iéhhﬂ@yf@éﬂﬂéh[éi: Begstnépgesdenbly aco-, -coo- and

- 61 - cycloal kyl group containing one or nore oxirane rings. 8. A

cross-iinking agedto4agCR| dimy A,0afkaimiépendeatdiynaal alkyA3 gnoughe f or nul a
[2] are independently a " cycloal kyl group containing one or nore oxirane

rings. 9. containingi ohe ngralgene ascnadenglngsa anth §; anheFeiareal to
A4 in the formula [3] are independentl| g cycloalkyl group contai ni ng one
or nore oxirane indggendently, -0-, -COO- or -0CO

2
A1°T1'I|{ ~Ty-B, (21
T3
A
wherein R? is a trivalent aliphatic hydrocarbon residue
which may contain at least one of -0O-, -CO-, -C00~- and
-0CO-; A, to A; are independently an alkyl group

containing one or more oxirane rings; and T, to T; are

independently, -0-, -COO- or -0CO-, or

[31

wherein R® is a tetravalent hydrocarbon residue which may

contain at least one of -0-, -CO-, ~COO- and -OCO-; A, to

A, are independently an alkyl group containing one or more
oxirane rings; and T, to'T4-are independently, -0-, -COO-

or -0CO-.

7. A cross-linking agent according to Claim 6,

wherein A, and A, in the formula [1] are independently a

* c L M S *



10, * A conpound represented by the formul a: @sﬁel-tHaBﬁeJi ckd

T3 [2] | A3 ° wherein
al i-phati c_hydrocarbon resi due which nmay contain at | eastJ mmllL
-C00-*dnd* -CcO-; Al to A3 are independentlyégn al kyl gro

or nore oxirane rings and T1 to T3 are independently, -0, -COO or

R RSy O NER SR

yC| grPolp, Sha™R% 1ol S|due

11. A compougd accor di Rgggpﬁg.iamﬁ 8he! BolbrbEng/Ed e1dis oy mil 2

[2] are independently a cycl yl group- céntai ning one or more oxirane

rings. 12. ¥hELBPAUAY &8 GO dinN&hleO fehrpiulal ¢.2 Max@ iindependently a
1,3,5-tris(3,4-epoxycyclo exané%arbonyloxy)cyclohexane or

1,2,3-tris(3, 4- eppryoutkoleypoapacbanginingpoapabe. more oxirane rings.

one-

9. A cross-linking agent according to Claim 6,
wherein A, to A, in the formula (3] are independently a
cycloalkyl group containing one or more oxirane rings.
10. A compound represented by the formula:
Ax‘Tl‘ffz'Tz'Az

[2]
T3

|

Ag
wherein R? is a trivalent aliphatic hydrocarbon residue
which may contain at least one of -0-, -CO-, -COO- and
-0CO-; A; to A; are independently an alkyl group
containing one or more oxirane rings; and T, to T; are
independéntlj, -0-, -COO0- or -0CO-, except for a case

wherein R? is -CH,-CH-CH,-, each of T, to T, is -0- and

each of A, to A; is a glycidyl group.

11. A compound according to Claim 10, wherein A, to
A; in the formula [2] are independently a cycloalkyl group
containing one or more oxirane rings.

12. A compound according to Claim 10, which is
1,3,5-tris(3, 4;-epoxycyclohexanecarbonyloxy) cyclohexane or

1,2,3-tris(3,4-epoxycyclohexanecarbonyloxy)propane.

* [+ L M s *



