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£ 9F : Polydimethylsilane & R %3} 1 o] & & £ 3|5} polycarbosilane(PCS)-& A 2313l & 7]4] al-
71

2 naphthoquinone-1, 2-diazide-5-sulfonylchloride

lylamine& %S A]# aminopropyl 7| & £ A7
£ wWF2 A)A naphthoquinone-1, 2-diazide-5-sulfonyl polycarbosilane(NDSP)-& A =&} %t} NDSPe}
polyaminopropylcarbosilane-2 410] A 23 Al & NDCi= backbones=%] ] #-z}eko] 7] 445 sensiti-
vity A S| ou) vl o) contrasty ZAade AEE vebloh 3 sensitizere] F79F %ol
wet 24 Vet 2, 6-dichloro-4-nitroaniline 2.tk picramide2 AF-8-8 8w sensitivity 2} con-
trast7} A= Ao 2 JE o, sensitizere] %S 7 &l % sensitivity, contrast L5 &F
sl AskS ebdltl, NDC-29] 299 sensitivity 7} 240~350mJ/cm®, contrast y=1,48~2.07%

Gesd #8448 SYsteed R4S 29T 5 Qb g4 P $4T s o
ol ABERE YT o] AHE AYSFEEUOL T 2ot} vlw PSP 2 2ot
T Ax9d

Abstract : Naphthoquinone-1,2-diazide-5-sulfony! polycarbosilane(NDSP) was synthesized by reacting
naphthoquinone-1,2-diazide-5-sulfonylchloride with polyaminopropylcarbosilane prepared from poly-
carbosilane with allylamine. The sensitivity of NDC prepared by mixing NDSP with polyaminopropyl-
carbosilane was improved with increasing the molecular weight of backbone resin, but the contrast
was decreased. Sensitivity and contrast were varied with the kinds and quantities of sensitizers. Pic-
ramide was more effective sensitizer than 2,6-dichloro-4-nitroaniline in the sensitivity and contrast.
In case of NDC-2, the sensitivity was 240~ 350mJ/cm? and the contrast was 1.48~2.07. The theoreti-
cal equation which can determine easily photosensitive characteristics to the prepared samples was
derived. From the theoretical equation, the optical coefficient was calculated by measuring the optical
transmittance of exposed sample film. Compared the results from the theoretical equation and conve-

ntional yield of residual film method, the similar result was obtained.
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Aol AHE-E 4= et o] Fto] ¢ AAEHS
7,%% silicone 3}3+&L ZAFAAER 01%0}74]51‘5
F3F £ 9] photoresist 24 1231 &2 2108
o7, I3 WA PSHgo olgg 5 M:i Aog
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thoquinone diazide7|& S8t 7H4Alo] wHolut
AR FAZ A9on 5P hexamethyleyclot-
risiloxane¥} tetramethylcyclotetrasiloxane s 3%
galA =Si-H717} 239 polysiloxane copolymer
& 343t el naphthoquinone-1, 2-diazide-5-
ZY3t negatived 7R 18 &
4% B4 RAF Aok BHA

Sei7hA] ol HAlE]
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o AREel = FAo) gk
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ulelA] B dFo A= polydimethylsilane-S- &5
&8l G polycarbosilane?] 23 oj naphthoqui-
none-1, 2-diazide-5-sulfonyl 7] & %313t A2
silicone#d] 7 BAFAE ¥4 vhy, Beer-Lam-
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A 2 E=E SAsaL O 2HE B 3G, &9
o|Z2o| ulz} Al WE FHAEE A8t
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Polycarbosilane(PCS) 2] ¥4

Polycarbosilane(PCS) 9] 4o AleE Zm=
Yajimag] ¥yl'e Fzsle] AzsYct. ol2HWA
diphenyldichlorosilane 0, 3mole(62.2mL) 3%} 7%3
boric acid 0.2mole(12,36gr)S n-butylether 200
mLell 7}8la1 100T oA 18417 Hhg-A1A & P3¢
a4838to =Si-0-B= Z%-& 2& polyborodiphen-
ylsiloxane(BS) & A &3t o)L ARF N,71H
atoll A 300CE xejste] Fujz ARk PCS
9] Az SUS 3042 AAZ QFAE 6ecm, ZHo] 30
cm®] % Fo] 23 wh3 §7)o) W uRkgR,
BH W47, Ny 7h2a8l, o5 £33 4 dAgs
4] 2|3} 1 polydimethylsilane 20gr¥} BS&w & A2
743 oh B84 71H 2 Ny(EE AnDE Fd3hdA
48] gk vhEr) o) £x7)F 100CH =
= 97228 2~33] AR AAIRE gkee7] Wl
o] A4 2 VlEl Bdad VA E A3 AAR o
& 320C7} HE & wdkahdA 2~5417h Te|1
400~450C | 4 4~5x7F b ¥hgA Zch WEF
E 3 unkd B84 71A9 fA4& A&ska ZA
n-hexane 200mLE 7}8}e] L8473 B85S o

st AABAG. HE 7Sk A 250T~300

CE 7MEAA EuE S o A% Al
313 APEY PCSE ARHFSE 41~67%).
Polyaminopropylcarbosilane2] ¥4
Polyaminopropylcarbosilane(PACS) o] ¥4& 7}
7], wgr7), BFPA7, Ny 7P, 254
4 2714 2 7]§ FX g 50mL 47 kA3 E Ar
7b2 7158l A sk ste] oA AzAl7] U =Si-
H 238 373 PCS 7.2gr7} allylamine 2mL2-
EF4d aAl7)0 Eul 2 HPtClg 0.05gr& 713}
o 40T A 4A17F F¢F vESAI T BHg BAES
g SEUAIA EFAH ZE AASE A% FE
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A 9] aminopropyl 7| & 2t PCSE A1 z3k%ith.
Naphthoquinone-1, 2-diazide-5-sulfonyl poly-
carbosilane2} ¥4
PACS 3gr#} naphthoquinone-1, 2-diazide-5-sul-

fonylchloride 4.5gr, 1231 HCl acceptor2A] py-
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39] intensity$} AEE £33 F-9] #9] intensity
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o] te g Fawrt A== %o intensity] X}
o]& detectoroll A At FowE JERA €
o}, ;éy)rg-a X to] Table 1& 71F20.2 do] )
Z3 7+g NS 5um+ 0,32 =¥ 3l ZAslgon
Mg Fe] oHo g FRALSY FA ST FY9]
intensity flux:= 0.5mJ/cm’e)om Fo] uge
330nmz. 3t FA3Ych.

7171 4

IR spectrophotometer— BomemA}A] FT IR& A}
g5t BAstgon 'H NMRS BrukerAlA| FT
NMRE A}g3te] 233191 UV/VIS spectropho-
tometer Hewlett PackardA}#] HP 84525 A}&-3}
o =Aslgct, ¥zeEe WaterAt#] GPC Model
150CE o]&3te FAs ot

Ne

Az g 3%

Polycarbosilane2] ¥4

Fritze] ®92e 2 1135}e] #2438 polydimethylsi-
lane (PDMS) & SUS 304 2 z}#) A 23 wk-3- & 7]
Wi N,(EE Ar) 71F FoX Zuie} 7 400~
4502 719838t polycarbosilane(PCS)& Az 3}
Ror 1 AFAE Table 208 FH3ATH 423
PCS-1, PCS-2= ¥ Zvuj3lojA PDMSE ¢

A2 PCSe] 580 41~46% Hil, 43
PCS-3, PCS-4, PCS-5& Zwj& BSE 0.5~1%
A7bsla GREF POz PCSe) FESL 62~67
%9tk A7M FEEE M FEER YL

% [T nﬂz
R
fob rt fob
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Table 1. Preparation of Photosensitive Sample Solu-

tion
Resin(gr)  Sensitizer(gr) Solvent(mL)
Sample - . ;
NDSP? PACS Picramide or Toluene
DNAY
NDC 05 0.5 0.01 50
NDC 05 0.5 0.05 50

® Mol. wt of backbone resin in NDSP
NDC-1; 1250, NDC-2 ; 2100
Y DNA ; 2,6-dichloro-4-nitroaniline

Polymer (Korea) Vol. 16, No. 5, September 1992



SiliconeAl Photoresiste] &A% 1 7354

Table 2. Preparation of Polycarbosilane

Reactants Reaction Conditions Yield
Sample PDMS¥ Cat 1st Temp.  Time 2nd Temp. Time o

code (gn) T hr (¢ hr (%)
PCS-1 10 - 320 3 - 400~440 4 41
PCS-2 10 — 320 2 400~450 5 46
PCS-3 10 BS(05%) 320 400~430 5 62
PCS4 10 BS(1.0%) 320 4.5 400~440 4.5 65
PCS-5 10 BS(1.0%) 320 5 400~440 5 67

@ PDMS : Polydimethylsilane
" Cat. ; Polyborodiphenylsiloxane

PDMSe] <ol thdt 3% A4 PCSe A =e)
WEgZ AAksoh
ole} #o] #Z3 PCSE IR @ NMRE =43}
3o) akch IR 2% A7 2100cm o A =Si-Ho)
&% peak7} Z8bA vehd 9l 1350 2 1020cm?
oA =Si-CH,-Si=9] 54 F<=thel =CH, peak”}
UER}QlE Zo g Bel PCS7 & $AHASS &
A £ AATH WA EEA VIAE Ny, ®
Arg AHEE = Nodl 7297 Arg A8t S
Ho} g0 g walale o] Astlout HF 4
BEY F5&E ] A o HAF F wt
£7) W 257} 320C] o]2W f&-Eo] &85}
A ZshY 38 719} 8 refluxing®| o1, 320~ 360
T Atolol A HFo] QlgE #FT F AN w
A Table 298] #& &X+ ojuje] 320~360C A}o] 2]
exo|i AZHE ojm] &-29] A& Algtelt), 1] 1
ol 257} 400~450C
wg-atnh olme] 2xE
HZ 25 NI AZEE ojuhe) % HeolA
A&E Agtoltt, HF Lxo A &2 g g

010 oz & rr 4

7b A 2xm B ot do 2 wgHdar v
$87] AEF e £8dx 2o Jgu 4
3 79 A Aoz HatE Q. o] 9te ddol
FHEAE W FA G9E At BEA VIAE
2o &£52 fdshdn *@Z’f*lzit} T A& 7h
Fahd HEEe] g5 ddol ASAY HF &
A7|7} Bt Lwrt 34 %‘}&1 n-hexanedl| &

E2i A16¥ A5% 1992'd 9

$49 54 1922 Wskstgrh. PDMSe] A
»g 98 08 (. () R (O U8 + sl
7

rbozm o] Yol (@>(D)>©9 Foz
@9 v7h gold Ao Ardth 29F AL
L1291 320~360Co A=

H H CH,
‘(-Sli—CHg—)— _(_S‘i_CHg_)_ ‘(—S!i'CHz‘)‘

H ¢, n,

(a) (b (c)

PDMS'/P EEgHHA dE3 vh-gol B a3 energy
2591 400~4507C i A
%—E’rﬁﬂ 2w 2] AA = carbosilanes] &7 o] &
E3] o] 2xollM AI7HE 2 F
W =Si-He| oFo] Z/15ick. NMR 2% Zzjol 4
B9 0,1 ppmol| A =Si-CH; group®] protono] L}E}
vodar 3 7.4ppm BEoA] =Si-Hol| 7]213%
protono] e} gle Ao 2 Hol PCSHE alg &
ugeh L3 UV 24 Ao A PDMSe} v usj &
W =Si-Si=¢] 54 F5uiel 345nmel Ao S4F
FUi7t AT FoAEUSS AAFo =AM PCSTF
Z AENSE 898 4 A
Polyaminopropylcarbosilane2] 34
PACSe] 728118 93 IRE &Hon 1
A2 Fig, 19] Yeh2ch. PACSY IR spectrum
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BEE
& 59 2150cm oA 9] =Si-H ¢ 54 &4 peak
7} oFstEl ol4l 3300cmol A NH,7)e] 4 F4

peak7} YElY QQEA S 2 Ho} PCSo allylamineo]
=9 HASES AT £ A
Napthoquinone-1, 2-diazide-5-sulfonyl
carbosilane(NDSP) 2] 314
PACS9l] naphthoquinone-1, 2-diazide-5-sulfonyl-
chloride & w¥H&-A]A A2 NDSP9] IR 424
Fig. 2o R}, Fig. 204 H@ 2150cm 9}
2220cm ol A O-quinonediazideoﬂ 7] elste= C—NS-'J

poly-

Jb‘}ﬁiq. T3 2z NDSP %

2 ZA 3o Fig. 3 Jehid=ml,
o4 ®¥ 260nm, 330nm<e} 400nm -0l A
naphthoquinone diazide7]2] 54 peak”} Z&A
Bl e W F2A} o] F e o5 E

tf7h ot

54 5

slo] PACSo] =4} naphthoqui-

Transmittance

—
2300 1400 500
Wave number(cm™)

* —
4100 3200

] lz} A .

Fig. 1. IR Spectrum of polyaminopropylcarbosilane.
dotted line : polycarbosilane, solid line : polyaminop-

ropylcarbosilane.

47

none diazide”)7t =HN S-S & 4 A A=

gk NDSP9] &3] =& Table 30 Vel =] ofi
& gl & &35} PCSY 7 9o BERo
=1 WA oM EelE HR|ekett),
Napthoquinone-1, 2-diazide-5-sulfonyl
carbosilane®] 33 3}3} ul-&
Naphthoquinone diazide 7] 2] diazo groupe] %%
ALE o} ketene .8 5|1 23} ¥hg-3}od carboxy-
lic acid7]2 =o] &7te] 8N 7}g4d0] o
ol g5 gk, B A
oAlA A Z3F NDSPL FxAlE wowW ketene
groupo] A= o] amine?]9} wHS-5hH 23}
eo] R Jhart dofubA gy, wepd 2 A

poly-

positive photoresist2 o]

=
Jbl-

Absorbance

0 1 1
200 300 400

Wavelength(nm)

Fig. 3. UV Spectra of NDSP.a ; before UV exposure,
b ; after UV exposure.

500

Table 3. Solubility of NDSP

Solvent PCS¥ NDSP»

Transmittance

L L 1 1

t
2300
Wave number(cm™)
Fig. 2. IR Spectrum of NDSP.

—
4100 3200
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THF
Toluene
Benzene
cCl,
Ether
Acetone
2 PCS ; Polycarbosilane
» NDSP :
ycarbosilane
O s Soluble A 3

>POOD>OO
X OO Xx0OO

Naphthoquinone-1,2-diazide-5-sulfonyl pol-

Partially soluble X ; Insoluble
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Silicone| Photoresist®] &A@ 71 gBFEA

TolX= naphthoquinone diazide7]9] 3}g22
negative photoresistZ AF&3}7] 938l Alg NDC
AzA] NDSP# PACSE & ZIH|2 o)
NDSP<] diazo groupo] #ZA}A] ketene 0.8 %3 A]
PACS®] amine”| ¢} 7}ul7} Bl & dgc). Fig, 49
solid line& #FFA} o] NDCE JehdH dotted
line& #2AL 35 Yehl=d FxAle
2023t B2 Al & SAE Y FxAF 5o IR
spectrumg B A 2200cmoA] C=N¢] &4 peak
9} 3300cmolAe] NH, B4 F4u7} okslsx
1720cm ol A} A 2-& carboxyl?] C=02] B4 &4
g Jehstth. wela] NDSE 234t 98] 7k
7F dojdg& & 4 At

FAAF X, Y, Z ZF0) 27 7 54 =334
ko)l WE photoresist 2te] 57 WalE o]l2xo g
A H 7] 9)8] Beer-Lambert 2L o] &35te o] &
Koz Fi3lth. Negative photoresist o M=
A =E el A7} base polymerol] HAgs] o]
radicalo]i} o] o] AAE 1 WA H radicalo]} o]
2ol o3) 7Lzt dojuAl @t o 7]A sensitizer
= BxAte oF zpAlke] Wlgle] F xS
B% e base polymerd] A= AL sig),
ARPoA Fzg HelA] BxAlo) e stue] 3
=& base polymergl my(x, )& 7|Fo=2 sto A

2lahd et ok

=R 2

am2(xv t)

p =my(x, t) I(x, )Z (D

Transmittance

1 1 L 3 L 3 FEt I St i L L L

4100 3200 2300 1400 500
Wave number(cm™)
Fig. 4. IR Spectrum of NDC after exposure. dotted

line . after exposure, solid line : before exposure.

Z2|H 41678 A535 19924 9¢Y

oJ7)A m(x, t) : the molar conc. of resin
I(x, t) :the light intensity at any de-
pth(x) in the film and expo-
sure time(t)
Z . radical or ion generation rate

to light intensity
A71NeR R fuslel de FEAF X, Y,
Ze g3 (2), (3), (D9 2,

1
X= 4 In T(eo) (2)
_ 1 T
Y= 1 In (o) (3)
X+Y dT(0
)] @

TYLTO1-T©) dt

o7)1x 53 Al X dEFA U8 £33
7h AAEA o T(wo) 9] T thFgteli Y
BEFA gl 2719 FAE T0)} T(w) Bl
FH=0 it g4kl Ze I, X YIS ol &
sho] TR SFA| bl o) T o] Wl dT(0)/
dt & =3 Azte]l of ek £ Hw W3l 1ge) 7]187)
o2 RS 2AHT F Jde Afod 23S =
Ao 2 A 47 photoresiste] 7HFAE wjwd 4
e}, Fig. 5% bacbone4 9] H=}eko] 21009
NDC-29]] sensitizer®. picramideB} DNAE #H7}3}
o BZA AL FHREE 3% A9E
Eb Zojud, _L"/‘Oﬂfﬂ B sensitizerE Al&§<
74%-9} picramide®] %ol 5 wt% Q1 7Z-9-f —,—.\—}7}
wa] dojyutt}, Sensitizer 2 picramideE A}E L
7499l DNAE Ag-3 Z9-Hr) wa) 2o} dojyt
on olge] AWE oldstd FEASF X, Y R Z
at& 73] Table 44 vepiQlcl.

Table 49| A X2} Ygt-& njszabA| vebgou Zgk
&5 7FA™ sen-
sitizer®] F57} $7F E4% 1 32 A Jehd
v}, 3} sensitizerE DNAS A& X oh= pi-
cramide-S AHE-3-& 9ol o ZS e,

Backbone s=2)2] Ex}lako] W& F3lt = Fig. 6

2 sensitizerg® €& A9 &
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a . none
b : picramide 1wt%
c . picramide 5wt %

Transmittance

)]

A i L

10 15 20
Exposure time(sec) X 107

20

a . none

b : DNA 1wt%

¢ - DNA 5wt%
(8)

" 1, I i

0 5 10 15 20

Transmittance

Exposure time(sec) X 10°
Fig. 5. Effect of picramide(A) and DNA(B) on the
optical transmittance of NDC-2.

o VBT BAtake] Z7hakel me} Tt w
Y dolde &+ AN TP oI OB
738 Z g9 W3l Table 50 vehgiich

Table 4014 R ¥R o] F7hato| whek Zgke
0.027, 0.0460.2 Z7}slach, o] HERZ n|F4
2o NDC¢ 74 % sensitizer2 DNA B} pi-
cramide S A}L3lE Ao] £3 BRjggo] F5E F

o0z Ve,

weba Faevel 20w AFEALE FF
2= glty, B3] BAHE sensitizerE Aedt=t] o]

A AR E RS e B
U o] wge A7ko] Hol Aelx et B
Aol ek, Wk B Qo)A A Ao F
=k 245)0] 23k Fohal ol @el FROE sensi-

o’é‘ B]E‘ET}“*

R
=3
N

620

Table 4. X, Y and Z Exposure Parameters for NDC-2

Sensitizer X(um")  Y(um™) Z(cm*m])
none 0.303 0.296 0.046
DNA(1 wt%) 0.294 0.349 0.067
DNA(5 wt%) 0.285 0.416 0.127
picramide(1l wt%)  0.294 0.349 0.080
picramide(5 wt%) 0.285 0.416 0.255

Transmittance

1 1

—, s

5 10 15 20

Exposure time(sec) X 107
Fig. 6. The optical transmittance of NDC. (a) M, =
1250 (b) M,=2100.

Table 5. X, Y and Z Exposure Parameters for NDC

Mol Wt of Z
Sampl X(um?')  Y(um®
ample backbone (un) (um'®) (cm*m])
NDC-1 1250 0.294 0.407 0.027
NDC-2 2100 0.303 0.296 0.046
tizerg MeiFchd oj=A% ole|d BHE TiA
A5 YRR A}‘;’L%E}

Sgg el GE w24 F ot
H|2 ehlo] sensitivity(D%®) 9} contrastE &}
9ch, Fig. 7+ z}z} NDC-2¢f sensitizer2 picra-
mide,. DNAZ A}83F 252 Vel Q.

Fig. 7014 B9 picramided] x5/} 715t o}
g} sensitivity(D*®) & 350mJ/cm®el 4} 240mJ/cm?
2 FFHEAH. AHREA S A%
sensitivity 7} 350mJ/cm?oj Al sensitizer2  picra-

Z sensitizerg
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PQ-TNF Halo]l T Ao FdeAd %

100
g 80 -
£ 60
'.52_, a . none
B 40 - b : picramide 1wt%
g 2 ¢ : picramide 5wt%
2 n
0 1 L
107 108 10¢
log dose(mdJ/cm?)
100
S st
£ 60
B 4+ . none
'Té b : DNA 1wt%
25 20 | ¢ . DNA 5wt%
(B)
0 L 1
102 10° 10

log dose(mJ/cm?)

Fig. 7. Effect of picramide(A) and DNA(B) on the
normalized thickness remaining according to log dose
in NDC-2.

mideE 1wt% AHE3F A9 250mJ/cm?, 5wt% <]
790l = 240mJ/cm?E 3 2}, =3 Sensitizer
DNA9] 57} Z7}8bol uwhe} sensitivity(D%®) 3=
350mJ/cm?o A 280m]J/cm?2 &3 E ATt Sensiti-
zerS AM3E}R] 9re 79 350mJ/cmel A, sensiti-
zerZ DNAE 1wt% AF-3F 739 sensitivity7} 320
mJ/cm?ol A 5wt% o] 7Z$-olE 280mJ/em’2 43
g)th. w3 Lais!4e negative resiste] contrast
(NE TH&d} 2ol Bejatarh,

y="[log DD'T"

714 D'= photoresist7} FZAlol 2)3 cross-
link 7] A1&3} doseE Ueh)H D= D59} Dig
Aoz dAdste] Fdubego] 1000] = dosed
vebdct, weba Fig, 704 NDC-29] contrastE

2| A16d A5 19924 949

B84

100 |
g 80 -
£ eof
S b/ /4
)
= M0r
g wf
o
=

U 1 1

102 10° 10

log dose(mJ/em?)
Fig. 8. Normalized thickness remaining according to
log dose in NDC. (a) M,=1250 (b) M, =2100.

H sensitizer AF&HA] o AL
4821t M]3} sensitizer& AME-gH 7-9-9] contrast
= picramide Z4o] 1wt% U] y=1,73, 5wt%
o] y=2.07& el .M sensitizer’} DNAS] A
- Z2A0) wt% dw y=1.61, 5wt% Ao y=1.63
£ Ve
Fig. 84}+= NDC backbone4=#]9] 2 2}akol] u}
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