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Methylphenyldichlorosilane & & &*17A poly(methylphenyl)silane(PMPS) & 33 3t5L ©]& photoresist & ©]
g3l=u UolA FAFFENS a7 st =@l g FAAF X, Y, 28 SASA. FASF X,
Y, Z = PMPS 889l F3ALE A7 b AR E FAste] 7o, A Z = FFA A e £ x9]
Z27) 71&712 FE T3 ol A MPS ol Z+E SAAE Frtste] Az S FRAE
ANA FRAEAG ol2H o7 F3a o] ILFESS 238 A7 Z A} FH5FS 8L parallel 3 A7}

AT

>
i
% %
ik

Abstract : Polymethylphenylsilane(PMPS) was synthesized with methylphenyldichlorosilane using metal so-
dium. Various sample coated on quartz plate were exposed and the yield of residual film was calculated. To
obtain the fine image forming after developing and drying, optical transmittance characterization have to be
considerd. Exposure is described by three optical paramerters X, Y, and Z. There parameters are normally
determined from optical transmittance measurements of exposed PMPS films. Z parameter was determined
from the initial slope of a transmittance according to exposure time. This set of function parameters provided

a complete description of photoresist exposure and development and became the basis for the theoretical process

models.
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tive photoresist ¢| A%l Z7 A< inhibitor & <
2g sto] gujol &3EA @iyt FzAM o
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HEE zr=ul w8tai[6], negative photoresist ol A
E SEAY Ao ¥ /IR EREAeY AA=
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2. 1. Poly(methylphenyl}silane 2| A
PMPS o] &4 3 West o W& %}"'-8}
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2t 39 toluene 200mLE
loy) 14g & 7HE o &
oleic acid 30u¢ & 7tstal
g3l FYsHA BAAATH
WS B8 oF7F WZhA1Z] thg methylphenyldichlo-
rosilane & 90 °C ol reflux A|71HA] HH3] 713
FAoh S Ao 7 Wilse Hrbh Bd $
100 °Coll Al 7 AR Wb A F T WHeEE oA ¥
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tH(M,=106,000).
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IR ¥4 Bomem A4l FT IR & AF&-3to 14
91, UV £4-& Hewlett Packard AH4| HP 8452 &
AHE-3t ™. &l THF 2 8o AREF cell &
£9ZF9 FA lom 91 GBS AHEE AL blank
cell & & cell ol Y& THF & A48t ch. NMR
42 Varian AHAl EM 360A & AH&3t3a &=
CCL & ol&3tder 7IEEHL tetramethylsilane
< MM T GPC #41-2 Waters AHAl Model 150
C & o] &3} PMPS £ THF ©l 0.1 wt % 2 £3]A 71

o EAFE SHNEeH, EAFE SAHA A
column & p-stragel column 10®A, 10*A, 10°A o2
st e HFAEE polystyrene & AHR3L T}

2.3 EIE =3
PMPS film ol 3=
Fig. 191419 22 A& Agatel 28si9c.

2. 4. PMPS o] ZIZEN

2. 4. 1. BTAPRE]
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AHE AEE SXT At ojHo g RE AL A
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2. 4. 2. NE9 M=
A& PMPS 1g # 2% sensitizer 0.05g & THF
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Fig. 1. Exposure environment for characterizing
photoresist. (a) Mirror, (b) Lamp, (c) Lens,
(d) Filter, (e) Shutter, (f) Photoresist, (g) Sen-
sor, (h) Computer
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3. 1. PMPS | &ant &5tEtts
Methylphenyldichlorosilane & Na/K &5 Wurtz
2 ukrsA]A PMPS & AT thd o5 #IsH]
95t IR, NMR ¥ UV E &3 IR9 =74
A3} 510, 420cm ! oA Si-Si stretching absorption
band, 1590, 1490cm ! °lA Si-Ph group & 54 &
o2 #98g NMR Z3AE 0.11ppm oA
Si-CHs ol 712919 proton & EAEFFNE 69~73
ppm 1A Si-CeHs ol 711 proton &Fth7}t broad
7 Yl gl Re #@sged =3¢ UvE
HAME Si-Si FH ol methyl L phenyl 712 ] $hol]
7199 54 F5i7h 242 270 % 324nm o A 7384
YEIGT gl Ao E Hol PMPS & #9% + 3
2ith. Organopolysilane 9 Si-Si 2 &2 300~360nm
g9 e] AAAE F43te] e W 4o
7)1 E3] Si ¥4 methyl 719} phenyl 717} 23HE
5tE o 39 Bz gte] Aavh dovte @
Ao 2 a3 Abde|ti[14]. wEbA PMPS €]
#AF o IR spectrum SAHANME =FFo| 5100,
4200cm ' o Si-Si 5AFF7E AL 1020, 1355
cm ! ol A Si-CHp-Si o 71218 -CH,- o] S &F ot
2100cm ' ol A Si-H & S4FFU/F M FA B H =
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Fig. 2. UV absorption spectra of PMPS. (a) before
exposure, (b) exposured for 1 min, (c) expo-
sured for 3 min, (d) exposured for 5 min
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AL &A¥ 4 AUyt Fig 2= PMPS 9] F=A
A 7rel 2 UV &4 spectrum 2] HsIE Wehd
g A B methyl 719} phenyl 718 ZE Si-Si 9

EQESU7) 324nm ANA ZAsHA et oy =

FA|7tel wheh ofstslo] vEhdH, £33 320nm 2

Ji

okzt o) E50] el Qe AoZE Hol FFA}
crosslinking ¥ A&S & 4 Ath
3.2, HEAE X Y, 29 &3

Photoresist & #FFAto & FFEAF LS 0|3
2 f%3l9 R Beer-Lambert H3-& A3}
ol& 4 9rh

Beer-Lambert Law

- z ai m;j
base polymer &} sensitizer 2 ©]F
BzZAo)| wel reaction product 7F A Z1th,
37 TRER Fojzrd o

Photoresist &
AAH
Beer-Lambert ¥ 3] &
<3 Zth

Al _

ox —I(x, )laim(x, t)+ azma(x, t) + asms(x, t)]

2
: the light intensity
: the distance from the resist-air interface
:the molar concentration
: the molar absorption coefficient
: sensitizer

: base resin

WD e g Kk

: reaction product

Negative photoresist A1 A= FZAME HA Foy
A7} base polymer ol @o] W radical ©] A€
th. 7]A sensitizer v FNIAE S ] base
polymer o FA&3l= &L ).

Crosslinking ¥l A= o234 2o & 4 Urh

oms(x, t)
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3
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o},
ol A E 7 %
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433, A 1A A 23, 1990

et
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10, H)=1 @
m(x, t)=mie 6))
mz(x, t)=ms—ms(x, y) ®)

O

ms(X, 00)=maz

ma(x, 0)=0 ®)
of WAL (2) Aol WYt AelsA
%‘ = —I(x, t)[ (a3~ az)ma(x, t) + aimio+ azmzo] (9)
mE EFHAINL X4 YE 7 Zo] X33
o
M(x, t)=ms(x, t)/ma 10
X=(az— az)mzo 1D
Y =am;y+azms (12)
=17 (13)
o) Hoz ()% QA& Fskd
alé%t):*l(x, HIX M(x, )+Y] (14)
al\gt(x’ Y- M, O I, 1) Z (15)
B2A A%} 27 243 7] zAe GeH
2t}
M(x, «0)=1 (16)
M(x, 0)=0 an
10, =1, (18)
MO, H)=exp(—L t Z) (19)
FHe9 X, Y Z 9o TA= o2 2.
T(®)=expl — [{{ X M(x, )+Y}dx] (20)
o714 d & film & FAolt}.
B2 A% fim o) FAEE heF 2ok
TO)=exp[—Yd] 21)
T(w)=exp [—(X+Y) d] (22)
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dT®) _ .. d
w - Ty [[{{X M, 0+Y}dx] (23)
A0 — o xJ; 2% ax @4)

F2ZAE E 9 (15), (17) & #3d

aN;(t" OM&0)_ 71 expl—Y X] 25)

E3ige) 27w

rr

? =—T©O) X [{Z L exp(— YX) dx (26)
dTO) _ ot o X
dt TOQ T(O))Y Zl @7

471N Fohwe ez HE X, Yo ZaE ohe
Hoz 7 & Atk

_ 1 T(o)
X= q In TO) (28)
Y= *‘(lj‘ In T (0) (29)
7= Y 40 30

XL, TO)(1—-T©O) dt

3. 3. PMPS negative photoresist2| & &
=

PMPS film & 53] F3¥ %9 intensity & detec-
tor & o]-&3td A5t X, Y Z 9 &S 7T
PMPS & 2199l 10um & T X33 FFRA} A|7H
BE FAEE 324nm o NN ST
PMPS ol <7412 benzophenone, rosebengal & 1,
4-bis(trichloromethyhbenzene(TCMB) 1wt % 9} 5wt
%S AAERL H$9 FAEE 247 Fig 3, Fig 4
2 Fig. 5o} Ueldlith. PMPS ol T4AE AM28S
BS, FHAE AMESHA e ARG mE AL
ol 371 Yol dg & 4 AN A Fol
5wt% ) Al 1wt% ) ASRG we] F37}
golytrh, = F7AY FFol wWE FHAANE
TCMB > rosebengal > benzophenone &} &2 2 3
7} dojytth, o]E FIE & A4 A (28), (29),
(30) ol Y3k FEAS X, Y, ZFE T3 Table
1o vehigich

20

TRANSMITTANCE (1/10)
o

0 a - o A

0 20 40 60 80 100

EXPOSURE TIME (sec) X 107

Fig. 3. Effect of benzophenone on the optical trans-
mittance of PMPS. (a) none, (b) benzophe-
none 1wt%, (c) benzophenone 5wt%

TRANSMI I TANCE L1/ 10)

100

Fig. 4. Effect of rosebengal on the optical transmitta-
nce of PMPS. (a) none, (b) rosebengal 1wt%,
(c) rosenbengal 5wt%
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Fig. 5. Effect of TCMB on the opticla transmittance
of PMPS. (a) none, (b) TCMB 1wt%, (c)
TCMB 5wt%

Table 1. X, Y, and Z Exposure Parameters for PMPS

Photoresist
Sensitizer X@um™) Y(m™) Z(cmy/m])
None —0.2071 03791 0.0067
Benzophenone(1wt%)| —0.2063  0.3705  0.0117
Benzophenone(5wt%)| —0.2035 0.3693  0.0157
Rosebengal(1wt%) —0.2052 03701 0.0125
Rosebengal(5wt%) —0.2015 03681 0.0187
TCMB(1wt%) —0.2046 03685 0.0271
TCMB(5wt%) —0.2035 03693 0.0333
Table 19 BF8AF GES vlwdle] HHE X 9

Y &S vstAl vebgey Ag Z3e SEAE

9 Aol 23e A FPA Y FEE 37

o =
g4 1 ghe 27 e 8 FuAY 7S

22)dS 259 Z a2 TCMB > rosebengal > ben-
zophenone o A2 & & JERAT. & Z 32

FZA} Aol i radical BAYSEE YEpdo g,
Z %ol At AL negative photoresist 91 7399
crosslinking ©] ZF doju= F=7t Gt ol F gte g
&9 & o PMPS 9 A$o T#A= TCMB &
ARR-EHE Zlo] F& AoE Yyt

3. 4. TsSE £F
PMPS | T4 & ¥ olE 4% B2A A 3tel W&

+4se, Al1dE A 23, 1990

g
eb=E58S Fig 6, Fig. 7, Fig. 8 YA,
ZHAE YolFA @& ASEtes FHAE ¥WoAFE
gl Zker "-:T%Ol A vebgen, A F2
5wt% S et 1wt% 9 ARk IHFHE0]
o ZA ‘f‘rE}‘XiC}. %%‘Zﬂ?/] ZH5 & »dFs
&9l A= TCMB > rosebengal > benzophenone & &

o2 A et AteEaaH olgdoz
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6. Effect of benzophenone on the yield of resi-

dual film in PMPS. none (@), benzophenone
1wt% (3), benzophenone 5wt% (W)
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7. Effect of rosebengal on the yield of residual
film in PMPS. none (®), rosebengal 1wt%,

(),

rosebengal 5wt% (M)
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Fig. 8. Effect of TCMB on the yield of residual film
in PMPS. none (@) TCMB 1wt% (0) TCMB

5wt% (M)
S 7 e s B o 2o AgS vehies
ojzA oz T 2ol AFIL HAY F AU
4. 4 =

Methylphenyldichlorosilane & F %A PMPS &
314331 ©]Z photoresist & ©] 837 H3te] o]

FESTL FHES DULEEE ST B2

1. PMPS 9] A% Z7A) W& A+ X Y, Z &&

A$7} YA gk A E o 2
Uepyron 27hA19) %ol 5wt % 371wt % 2
#Z$ Bt A dvebhgh, A FF oE
Zrol 1= TCMB > rosebengal > benzophenone <]
o2 AA JERsh

2. ol&29) AFAS Fey] et AnFEEES
234 g #& clEHdA T ZaH
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