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PHOTORESIST COMPOSITIONS COMPRISING STYRYL COMPOUNDS

The present invention relates to

photoresist compositions comprising styryl compounds,
which photoresist compositions can be preferably used to
form fine patterns om a substrate having high reflectance in

the production cf semiconductors.

A ﬁhoﬁoresist which comprises a sensitizing .
compound having a quinoﬁe diazide group and a novolak.resint
or which comprises a bisazide sensitizér and a cyclized
rubber is used in the production of integrated circuits such
as LSI.

“In a process for producing the integrated circuits,
fine pattafns are formed on various substrates through
photoresists. Eowever, when the conventional phétoresists
are used on the substrates having high reflectance such as
those made of aluminum, aluminum-silicon, polysilicon and
the like, various problems arise. For example, a region
which should not be exposed may be exposed because of
reflectizn on 2z surface of the substrate and/or sicde walls

henomenon is generally called as nctching
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To solve these problems and prevent deterioration
of resolution, Japanese Patent Publication No. 37562/1976
proposes a photoresist composition which comprises, as a
light absorber, a dye represented by the formula:

@-N=N—@—N (CH3) 5
having characteristic absorptions in the ultraviolet
range(Oil Yellow (C.I. 11020)). This photoresist
composition can decrease light transmission through the
photoresist layer and reduce the undesirable exposure of the
substrate.

In the context of the specification, a
“photoresist" is intended to méan a composition which
comprises a sensitizer and a resin such as novolak, and a
"photoresist composition" is intended to mean a composition
which comprises a "photoresist" and a light absorber.

In general, if the light absorber is added to the
photoresist, undesirable problems may arise. For example,
photoresist drastically loses its sensitivity and
productivity of the semiconductors is decreased.

The photoresist layer 1is usually formed by applying

the phctoresist composition containing z solvent on a wafer

w

nd prebaking the wafer with the applied photoresist

composition to evaporate off the solvent. However, some
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ight absorbers may precipitate during storage of the
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notoresist composition, or sublimate during prebaking so
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that & concentration of the light absorber in the



photoresist layer formed on the wafer may be lowered, which
lead to unsatisfactory results or variation of quality of
the produceq semiconductors.

To‘solve these problems, phenylazobenzene
derivatives are proposed in Japanese Patent Kokai (Laid-
open) éubligation Nos. 368358/1980 and 174941/1983. But,
the use of such derivatives creates some problems. For
example, the phenylazobenzene derivatives should bé used in
a large amount in order to obtain sufficient absorption at
desired wavelength, especially when the prebaking
temperature is raised, or such derivatives have inferior
anti-sublimation, a broad absorption range, low absorbing
performance and undesirable absorption at certain

wavelength. Japanese Patent Kokai Publication No.

93445/1986 discloses a photoresist composition comprising,

as a light absorber, a certain styryl compound. Although
the disclosed styryl compound.can solve the problems
associated wiﬁh the prebaking, it greatly decreases the

sensitivity of the photoresist,
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An .agject of the present in&ention is to
provide-a"photoresist composition suitable for forming £ine
patterns having high resolutiqn on a substrate having high
reflectance without causing any halation or notching.

, A further object of the present invention is to
provide a photoresist composition which is stable against
the prebaking of the substrate and suffers from less
deterioration of sensitivity caused by the addition of the
light absorber.
As the result of the extensive study, it has been found that
photoresist compositions comprising the styryl compound of the

" following formula (I) accomplish the above objects anq solve the
problems associated with the prior arts. The present

invention has been completed based on this finding.

According to the present
invention, there is provided a photoresist composition which

comprises a compound of the general formula:

R
A
W : R4y n—0OHE
\c=cx~:@r/ 10 (1)
2/ \r,,
R = .
13
Wwnerein W and Z are the same or different and an electron

attractive group; R;, is an optionally substituted Ci—Cipo
alkylene group, R;; is a hy@rogep atom, an optionally
substituted C4-C,y alkyl, alkenyl or aralkyl group; and each
o Ey5 and Ry4 is a hyd:oéen atom, an optionally substituted
izwer alkyl group, an opticnally substituted lower alkoxy

~reonp, an amide group or a halogen atom.
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~ The compound of the formula (Ii is added to
a photoresist to prepare the photoresist compositioh of the
present invention. Any Eonventional positive or negative
photoresist can be used according to the present invention.
A photoresist which comprises a novolak resin and a naphtho-
quinone diazide compound is preferably uséd;. The novolak
resin is obtained through the addition condensation reaction

of a phenoi compound with formaldehyde.

Also, a photoresist whicﬁ comprises a cresol
.novolak resin and an ester of polyhydroxybenzophenone with
naphthoquinone-1,2-diazide sulfonic acid isfpreferably used.
The eresql novolak resin can be prepared by a reaction of
meta-cresol and/or para-cresol with formalin, or a reaction
of meta-cresol, para-cresol and 3,5-xylenol with formalin.
Examples of the polyhydroxybenzophenone are 2,3,4-tri-
hydroxybenzophenone 2,3,4,4'—;etrahydroxybenchhenone,
2,2',4,4'~tetrahydroxybenzophenone, 2,3,3',4-tetrahydroxy-
benzophenone, 2,2',3,4,5-pentahydroxybenzophenone,
2,3,3',4,5-pentzhydroxybenzophenone, 2,3,3',4,4'~penta—-

hydroxybenzophenone, 2,2',3,4,4'-pentahydroxybenzophenone,

and 2,2',3,3',4- pentahydroxybenzophenone.
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In the general formula (I}, W, 2, Rygr Ryyr

Ry, and Ry3 are as defined above. Each of W and Z is prefe-

rably -CN,
0 o o
- R )
! I Rig E (Ryg)y (Rig)m
"C"O-Rls ’ "C"N/ 1 ’ “C—@ and "CHZ NOZ r

\R17

more preferably

o) o} 0
I 1 /Rls .
—-CN, -C-0-Ryg, -C-N . most preferably -CN; -C-0-Ryg.
\r
17

Ryy is preferably an optionally substituted Cy-Cg
alkylene group, R;; is preferably an optionally substituted
lower alkyl, alkenyl or aralkyl group, and each of R;g to
Ryg is a hydrogen atom, an optionally substituted lower
alkyl group or a phenyl group.

Each of 1 and m represents a number of 1 to 2.

Examples of the substitutes which is optionally
bonded to the above groups are -0OH, ~CN,
o} 0

i i

~C-OHE, -S03H, -NESO3H, -C-OR,, (wherein R,5 is a lower alkyl
¢roup), and a halogen atom: Particularly, -OH and —-CN are
preferable.

In this specification, thé "lower" used in connec-
tion with the alkyl or alkoxy group or other groups is

intended to mean that the group contains 1 to 10 carbon

atcms, preferably 1 to 8 carbon atoms.
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Most of the compounds of the formula {(I) are known

from U.S. Patent No. 4,439,372 or J. of the Society of Dyers
andé Celourists, April (1977) 126-133. Then, the compounds
(I) can be easily prepared by the method described in the
above literatures or analogous methods thereto. Among the

ccmpounds (I) , those having the maximum absorption in a

'wavelength range not longer than 550 nm, particularly bet-

ween 350 nm and 400 nm are preferably used in the photo-
rasist composition.

Examples of Ehéﬂcoméouﬁas (I) which are suitable
as the light absorber in the photoresist compositicn are as
follows. These examples will not limit the scope of the

present invention.

NC C,H,0H
>c=c3—<::>—n< 274 (38)
NC \C,Eg
NC C,K,O=
284
>C=CH—<§§>~N/ (39)
NC NN
NC C,¥,0F
284
>c=c3 O —N/ (40)
NC e 5,08
CH,
NC C,H,08
>C=C3ﬂ<§2>-.< 2 (41)
NC - CoEs
=3
NC\ "‘@ /C4}':80:.
C=CE -N (42)
ne/ e, Bq
Ney\ /C5Hy gOH i
/ == "N\ (&3 3
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NC CgoH, OH :
Ne=cn O -/ 818 (46)
ne/ \cgH, 5

CHy
NC CH.~CH-C ,HoOH
2
@
NC cnz—fa—c439
_ CoEg
NC C,H,OH - )
>C=CH—<::> ( 274 (48)
NC C,H,OH |
NCy C.H,0E \
\e=cr w24 (49)
ne/" \c234oa-
CH,
NC C,H,OH
254
D)
HSCZOC CEj
o
NC C,H,OH
254
>C=CH < {51)
HSCZOf CyHg
o
=CH (52)
5czoc/ \c235
1 CH,
‘0
o
i
psczoc\ ] /c2“4o
/ C'-z \ {53)
H¢C,0C cy,



0
1
B5Co0C\ _ /G240
H5C20f/ \czﬂs
0
0
B
B5CH0C | /CoH OB
c=CH N
HgC,0C/ \c e
u CHy
0
ey /c2340H
Je=ca 4
B5C20C C,H,0H
o
NC\C_CH /C2H408
/ ™
B5C,0C C,H,CN
0
NC\ /C 2H4OH
=CH N
ne/ H
OCHj4
c&{::}
we/” \C2F4OH
OcH,
NC C,H,OH
\C=CE-N<
ne/ C,Hg
Br

(54)

(55)

(56)

(57)

(58)

(59)
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/C5H 408

NC\ /czn4op
Jc=ca- 4
C=CH
Nc/ \c H ,COOH
2Hy
CH,
NC C-H,OH
>C=CH -N< 274
NC C,H,4S04H
Ney /CoH 408
C=CH- N
ne/ \CH,CH,NHSO,CH
2CH; 2CHj
Cr,
NC\C=CH /C254OH

NCy :
c= CH-<::>FN
<::>»ozs/ — \c,mg

NC\

<::>—Nhoc/

Ney
ne/
NC\
Nc/

NC\

Nc/

c-ca(O)
=CE
=CE~ O )~N

/C2H4OH

N/c254oa
\Czﬁs
-

/S2740%

\C~2COOC2H5

\cza4c1

(62)

(63)

(64)

(65)

(66)

(67)

(68)

(69)

(70)

(7%)

(72)
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(73)

NC C,H,OH
\C=CHN/ 24
ne/ \cH,

The amount of the compound (1) to be.adéed to the
zhotoresist composition is from 0.1 to 20 %, preferably from
.2 to 10% based on the weight of the solid component in the
;hoto:esis%. If the amount of the compound (I) is smaller
than the above lower limit, the photoresist composition
cannot prevent the halation sufficiently. If the amount of
the compound (I} exceeds the above upper limit, the
rhotoresist composition tends to have inferior profile or
sensitivity. The pliotoresist composition may optionally

ontain at least one other dye compound.

0

- The photoresist composition may opticnally contain

¢ least one other light zbsorber.

et
As described abéve, the compound (I) is prepared
bv the known processes. The typical processes are as

|51}

follows:

amine is subjected to formylaticn according

the Vilsmeyer reacticn and then reacted with an active

(1) -

nylsne component to cbtain the compound

ch base and

wn

(¥

tc & £t

’ I:l

An amine is convertie

active methylene component to obtain

In
tions and improve a yield of the desiresd product, prier tc
or the ccnversicn to ths
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hydrolyzed before or after the reaction with the active

methylene component.

The styryl compounds of the formula (I),
are eésily dissolved in organic solvents such as

xylene, ethyl cellosolve, cyclohexanone, cellosolve acetate,
and butyl acetate. These styryl compounds have good compa-
tibility with the rubber base photoresists and also deep
U.V. resists. Because the styryl compounds do not sublimate
even at high temperatures, a photoresist composition which
comprises the compound (I) . can be pre-baked at
high temperatures to remove the solvent completely so that
the uniform photoresist layer can be formed on the subst-
‘rate. In addition, since the photoresist composition accor-
ding to the présent invention has good antihalation effect,
fine patterns can be formed on the substrate with good
reproducibility.

- Since styryl compounds used in the present invention do
not precipitate eVep aﬁter long stcrage, an uneven coating
due to the precipitatién can be prevented,

With the photoresist compositions according to the
present invention, the problems associat=d with the priocr

arts can be solved, and.patterns with high rzsolution can te
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formed on the substrate having high reflectance.

The present invention will be illustrated more in
detail with the following examples, but it is not limited to

these examples.

Reference Example 1

! (synthesis of the light absorber)

A mixture of 16.5 g (0.1 mol) of (N-ethyl-N-
hydroxyethyl)aniline, 0.5 ml of pyridine and 12.3 g of
acetic anhydride was stirred for 20 hours at 40-50°C.

After cooling the mixture down to 20-23°C, 5 ml of
methanol was added to the mixture and then stirred for 1
hour. The resulting mixture was extracted three times with
500 ml of water and 200 ml of ethyl acetate.

Thereafter, the upper layer was filtered, and the
filtrate was concentrated to obtain 20.7 g of (N—gthyl—N—
acetoxyethyl)aniline.

20.7 Grams of (N—ethyl—N—acetoxyethyl)aniline'thus
obtained was dissolved in 25 ml oﬁ DMF_(dimethylformamide).
13.5 Milliliters of phosphorus oxychloride were dropwise
added over 12 minutes at about 40°C while stirring. The
mixture was stirred for 6 hours at 60°C and thereafter
allowed to cool down to 30°C. Then the soiution was poured

into 100 ml oﬁ-éthanol.
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Thenf3d ml of a 25 % aqueous ammonia solutiaﬁ.and
6.6 g of ﬁalonic nitrile were added, and the condensation
reaction was carried out for 5 hours at 70°C while reflux-
ing. ‘

After cooling down to 10-20°C, the resulting preci-
pitate was filtered off.

The filtrate contained about 50 % of a compound of
the formula.

NCy |/ ©2840C0CH;

ne/ " \c,Hg

The filtraté was added to 40 ml of ethanol and the
resulting mixture was heated at 75°C while.stirring. Then
.15 ml of 37 % hydrochloric acid was poured. The mixture was
then reacted for 30 minutes under reflux conditions.

. Thereafter the solution was allowed to cool doﬁn to
about 60°C, and then poured in iced water to precipitate
crystal. |

The resulting crystal was filtered, washed with
water and dried to obtain 19.2 g of 4~(N-ehtyl-N-hydroxy-
ethyl)amino-g,8~-diciano styrene of the formula:

NC\ /C2H4OH

C=CH N
ne/ e, Hg

Reference Example 2

About 17.5 g of 4-(N-hexyl-N-hydroxyhexyl)amino-

3,8-dicianostyrene of the formula:
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NC\ _ ,/C6H120H
C=CH -N
e/ \cgHy 4
was obtained by the same procedures as in Reference Example

1 except that an amino compound of the formula:
\egHy 3 _
which had been obtained“by the reaction of 0.1 mol of a

compound of the formula:

O,

\

Cef13 :
with Cl(CH,)zO0H, was used in place of 16.5 g of (N-ethyl-N-
hydroxy ethyl)aniline,

Examples 1 to 3

Into PF-6200 (manufactured by Sumitomo Chemical
Company, Limited; a solid content of 31.0 % by weight),
which comprises a novolak resin (Mw = 12,000) prepared
mainly from m-cresol and at least one compound having
o-quinone diazide groups, each of the compounds shown in

Table 3 was added to prepare photoresist compositions.

The amount of the compound was 0.68 % by weight
based on the solid amount in PF-6200.
, Each of the photoresist compositions was coated on
a 4 inch silicon wafer with an aluminum film on its surface

by means of a spinner so as to form a resist £ilm of 1.80 um

in thickness.
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’ Thexcoated silicon wafer was baked for 1 minute on
a hot plate ke?t at 100°C, and exposed and exposed .
to light through a test reticule while varying the exposure
value stepwise by means of a reduced projection exposing
apparatus (Nicon NSR-1505G). Thereafter, the silicon wafer
was developed by a static paddle method for 60 seconds at
23°C in.a developing solution SOPD (manufactured by Sumitomo

" Chemical Company, Limited) by means of an automatic develo-

ping machine.

The results are shown in Table 1.
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Table 1
No. Chemical structure Relative Absorbance
sensitivity | ratio
Eximple | NC>C=CH~<::>—N<C2H4OH 0.6 0.97
B e w2 0.6 .0.98
ne/ \c,H CN :
Example NGy /CoH40H
3 C=CH N 0.6 1.0
ne/ \c,He
CB3
Comparative | NC
1 ne/
Comparative
Example <::>»N=N—<E§>—N(ca3)2 1.9 0.75
2

As understood from the results in Table , patterns
with high sensitivity were formed in Examples of the present
invention. ‘

Thé.pattern could be resolved sharply even when the
line width was 0.8 pym. No notching caused with the reflec-
ted ligkt cn the side surfaces of patterns was found. The
above results indicate that the photoresist compositions of
the present invention impart excellent antihalation effect.

The same compositions were coated on a glass wafer
in the same procedures as in case of the aluminum wafer

describad above.



The glass wafer was prebaked for 30 minutes in a
convection oven kept at 120°C, and the absorbance ratio at
436 nm was measured with an UV-visible spectrum meter (com-
parison wigh that before prebaking). The effect of decompo-
sition of the sensitizer was neglected. The results showed
that the absorbance ratio was about one (1), which indicates
that thé-photoresist compositions of the present invention
are excellent in antisublimation.

A silicon wafer was éxposed in the same way as
above and after~baked for 30 minutés in a convection oven
kept at 90°C. After 4 days storage at room temperature, the
silicon wafer was developed.

Inspection on deposits remained between patterns
revealed that no precipitation was found.

After 6 months storage at 23°C, no light absorber
précipitated in the resist ccmposition.

-On the contrary, the photoresist compositions of
Ccomparative Examples had insufficient sensitivity and anti-
sublimation.

Example 4 and Comparative Example 3

In these Examples, used was a meta-cresol novolak

resin characterized in that the area ratio in the gel

'g

ermeation chromatographic pattern (GPBC pattern) was as

[

cllows:

rn

A range wherein the molecular weight is larger than

s
tn
o
u

nd less than 500 (not including a phenol and the
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unreacted monomer) was 18.2 %,'a range wherein the molecular:
weight is more than 500 and less than 5,000 was 20.8 % and a
range wherein the molecular weight exceeds 5,000 is 61.0 %.

In- the same way as'desc;igeé in Euroﬁéan Patent
Publication No. 271169, 17 parts (by weight) of the novolak
resin, 5.25 parts of a condensation product of naphto-
quinone-{1,2)-diazide-(2}-5-sulfonic acid chloride with
2,3,4~-trihydroxybenzophenone and 0.15 parts of each compound
shown in Table 2 were dissolved in 49.25 partsléf ethyl
cgllosolve aqetate. )

Thé ﬁixtureiﬁas filtréted throuth a 0.2 ym f£ilter
to obtain a: photoresist composition.

On a silicon wafer on which aluminum had been depc-
sited in a thickness of 1 ym, the photoresist composition
was coated by means of a spin coater. Then the coated sili-
con wafer was baked for 1 minute on a hot plate kept at
100°C. The photoresist film thickness after bake was 1.28

m.
Thereafter, patterns were formed in the same way zas

in Example 1 These results are summarized in Tszble 2,
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Table 4
No. Chemical structure Relative
sensitivity
Example NC C,H,0H
4 \C=CH N/ 274 0.6
nc/ \c, B
CHy
Comparative | NC C,Hg '
Example \C=CH —N/ 1.0
3 ne/ \c, g
CE3

As understood from the results in Table 2, the
photoresist composition of Example 4 of the present inven-
tion imparted high sensitivity, and the formed patterns
could be resolved sharply even when the line width was 0.7
um.

No notching due to reflected light on the side
surfaces of the patterns or no distortion of the patterns
could be found, and excellént antihalation effect was achie-
ved.

Iin addition, excellent antisublimation was also
achieved and no deposit of the light absorber could. be
found.

Examples 5 to 8

- Patterns were formed on an aluminum wafer by the
same procedures as in Example 4 except that each compound

in Table 3 was used.
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Taﬁle 5

No. -] Chemical structure

Example |NC CH,,0H
Ot
NC CgH; 3
Example NC\

C,H O
6 - C=CH—<::>—N/ b
ne/ \c,H,0H

Example |NC : C4HgOH
7 \c=ca-<::>—N/ 8

ne/ \c, Hg
Example |[NC C,H,0H
g \c=CH~<::>-N/ 274
ne/ \c-0-C,He
) . 1
)

In each Example, the relative sensitivity is as
high as 0.5 to 0.7, and the formed patterns could be resol-
ved sharply even when the line width was 0.7 um. No notch-
ing due to the light reflection on the side surfaces of the
patterns was found. The antisublimation was good and no

precipitation of the light absorber was found.
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CLAIMS:

1. A photoresist composition which comprises a

compound of the general formula:

2
W Ry n—~OH
>c=c5~@N< 10. (I)
Z Ryj

wherein W and Z are the same or different and an electron
attractive group; R;q4 is an optionally substituted C1—Cio
alkylene group; Ry; is a hydrogen atom, an optionally
substituted C;-C;4 alkyl, alkenyl or aralkyl group; and each
of Ry, and Ry; is independently a hydrogen atom, an optio-
nally substituted lower alkjl group, an optionally substi-

tuted lower alkoxy group, an amide group or a halogen atom.
(.
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