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7334 orthonaphthoquinonediazide-sulfonyl F=A4& A3z, 1 7ZFEA dis] AES A=, UV
o8] FHEd o}, g7 e BHFEE] AAEE FAsrgrt. o] F=AE PAC &, m-cresol novo-
lac & matrix resin ©.2 photoresist & #2313l 24 54& 1&3te], U4 JH & photoresist 2] B S
Q18 ch. 3, 4, 5-Trihydroxybenzophenone & #7713 3% F&2& =359 o 71848 A H o,
PAC 9} matrix resin 8] &3 FAY 738 Y of 7} A A& dissolution rate & YEFW O B2, o] photoresist 7}
A =4 A #=, HFHe] 7 43
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Abstract : Synthesis and characterization of photosensitive orthonaphthoquinonediazide-sulfonyl derivatives
were studied. These photoactive compounds underwent a UV induced transformation to the base-soluble photop-
roduct. The photoresists were prepared using these photoactive compounds with low molecular weight m-cresol
novolacs as matrix resin. And photosensitive characteristics of the photoresists were studied. 3, 4, 5-Trihydroxy-
benzophenone with bulky resonance structure increased the sensitivity and the solubility rate of the exposed
region. The mixture of PAC and matrix resin having 3 : 8 weight ratio had the moderate rate of dissolution

in the developer. The photoresist using these conditions showed the best snsitivity and contrast under the
fixed conditions.
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Z2933% g A8 nAZZ L wAHE A
zo) WEAHQ FARoE I A7 %3 JYPHD
glon, ICY AL VLSIE F53 Aol
131443 ¢} photoresist 7Ho] &7 H L AcH1~4].

photoresist & 3ol gk ¥kgAde] i, FHH=
shst 2 28 AxTHoE FE 7|EE B3
g3 3hol) 8 7)Aol BFH S F3 3 of 370,
2804 (solubility), U= (adhesion), FAA%4
(etching resistance), % (sensitivity) 22} 31 3173
(contrast) o] AAF ojok Fri[1]. w22 A=
Z2 o] &5 positive type & photoresist = negative
type & photoresist Bt} s e, Ak, dol Hg
bAA L oo W YFAdo] 3kt Positive
resist ol A8 photoactive compound(PAC) € or-
thonaphthoquinonediazide 7} F#E& ©|% l‘”“ﬂ
33} s} FrL* orthoquinonediazide 7} Z¥3 =
Hre Ao] EL ketene & BT, ol %J,} ul
carboxylic acid & ATz dAdA &IH=E
A=A TE w871 Eo| AAHI vk F PA
7} £A8A ¥E matrix resin < ?‘;’%‘?%W]’ﬂ 23}
257t o 15nm/sec oItk PAC 7} ¢ 25—30% ¥
Av g E2AE Al ¥xB 2 A= PAC 7} S8 A A
(inhibito) & &, &3&x=7} 9* 0.1—0.2nm/sec 7}
1 =32 o AE PAC 7t B3 vhe-S oA 100
—200nm/sec £ SAEEE FEAALEZH, &=
o]l Z %7, positive type &) IS FA43HA Aot
(8l.

3 photoresist 2] TH2 H& AejM+=, pho-
toresist @] ZA W39} coat[9], soft-bake[10], expo-
sure, develop ¥ hard-bake 9 & FAHE°I[11]
g4oln, FAZA wal photoresist 2 S
ol AgErE olEd td A7t A= ojof g
t}.

mEta B AFdME ol I 2AS HH3}
3}3l, photoresist & T2H& ©]F+ PAC EH/[12] ¢
matrix resin ¥ mixing ratio & ¥3}3}] photore-
sist £ Az 0|5 BAT, FE, WY T
Z23EA013, 1418 ¥ 2F3AT
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2. 1. Ao
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Naphthoquinone-(1,2)-diazide-5-sulfonyichloride
(NQAC) = Tokyo Gasei KogyoA+¢l photoresist &
Aekg opA|Ee] AZAAEH AHESHATH. Samkyo
Gasei AF®] 3, 4, 5-trihydroxybenzophenone(THBP),
Sigma AF2) 3, 4, 5-trihydroxy-1-propyl benzene
(THPB), Osaka A}9] 1, 2, 3-trihydroxybenzene(THB)
& olergol AZARE ] AUt Matrix resin ¢
m-cresol novolac & Schenectady Chemicals Co. AH9]
photoresist & A1} FE& AA F 12 AH8-38}
%t}. Hexamethyldisilazane 2 J. T. Baker Chemi-
cals AFS] AEL a2 AL Solvent = A
4% acetone, dioxane, ethyl cellosolve acetate, xylene,
butylacetate = 4A molecular sieve & °]&, FE&

ARG F gt

2. 2. Photoactive Compound 2| &4

THBP & NQAC & =% PAC(Q) : 2+, additio-
nal funnel, N inlet, @=A47} X8 4 1+ 1€ flask °l
dioxane 200m¢, 0.050mole ] NQAC, 0.050mole ]
THBP 2 59 ¥ 308 ol Ny gas & FUAIA o]
system & $AF Aa £97]12 43 & F NaCOs
3g & 22.0m¢ deionized water o = A A3 233}
Aok, A8k oF 108 FFH NaCl AAol 47171 Al
#Zshe] gole] Mo] VA5t S=E 21°C oA 24
°C 2 A4 3} ice bath & ol 83ty 2=7t24°C &
ax 9w a9k 2 A% 79$ 2mé MeOH, 2mé
acetic acid & €802 A3 Areti, NaCle
AF A7 kgt o] ¥hg £4S 12 additional fun-
nel o) &4 A3A matsEE 1% 9 H:S0, D. 1. wa-
ter o] 1 A7t o]0 ZA A3} vacuum filte-
ring 02 A& Z4 cake & D. L water oA ¥
A&, 45°C olstol A 2t Ax3le PACD & R
o}.

THPB ¢ NAQC ¢ %3 PAC(D), THB ¢ NAQC 9
2% PACID : PACAI) ¢ PACUID + PACQ) & &
g Wy o= THPB, THB & NQAC 9 @4 %%
W3- A1A A3t

2. 3. Photoresist 2| XM=

3438 3 71X ] photoactive compound[6] ¢+ mat-
rix resin[7] €1 m-cresol novolac #¢] mixing ratio &
3:8% 1:2% 3o E3-&vl(ethyl cellosolve ace-
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tate : xylene : butyl acetate=8: 1: 1) ol 24 AIZ+ o]
aErate] A3 g3 A H . o719 0.05 % 9 surfa-
ctant E H7}5}4 pore size 0.02 ym 2 filter 2 filte-
ring 3ted o}2ll Table 1 o #1A) 8t 6 7FA] &£ photo-
resist & A =3t

Table 1. Classification of Photoresists by Varying
Photoactive Compounds and Mixing Ra-
tios

nomenclature PAC matrix resin | S:M weight ratio
PR 1-1 | PAC(D novolac 3:8

PR 1-2 | PAC(D ‘novolac 1:2

PR 2-1 | PAC (D) novolac 3.8

PR 2-2 | PAC (II) novolac 1:2

3:8

1:2

PR 3-1 | PAC(ID novolac
PR 3-2 | PAC{ID novolac

2. 4. AME AlZt B3 (Photolithography)

Wafer ¢ A 3]2] : silicone wafer 4ol photoresist
E FYeA =X wafer 92 HAANL FolV)
9sll, 85°C ol 30 #37t hexamethyldisilazane %71
o wafer & =&A7th

¥ (coat) - Spinner 9] low speed, high speed ¥
W3l A7]H A, Z} photoresist o] ™
B 12um—15um Y FAZ AL F+ A= A
z705 AAR3ATH

A= (soft-bake) : £417} resist o] ZE3HH =G0l
W3 8910] B, resist 2] wafer of th3F LA
AstElnz gAe] A AAE A3t 95 °C oA
30 ¥3F WA Azskdoh.

= (exposure) . 39L& Ushio AFe] Z1GFE
$S A}83l1, Cannon A2l PLA-600F Proximity
Mask Aligner & ©]-83 =8FL A3t =33}
Aok

7 (develop) - N2 Z trimethylammoniumh-
ydroxide 0.026N +8&U8& £43t1, o]RAE dol2
Zlepol] 3u) B A E AR EAT. B 5= 25
°CE& A3, wafer & F A, bath & A =
‘”3}9314 4 F wafer 3 B2 20|23

0% °ld A st dFALE A3 AAsY .

:?'-Zj_%.(hard-bake) D RESE B2 resistol E4
5 o] wafer 4] WAL A 3AIFIEE 110 °C ol A

spinning time &

33 A 1A A 23, 199

¥ o4 azsdh

2. 5. HHsIMo| =X

Ushio A8} Z23425-& A3 photoactive co-
mpound & =3A)7|3 Jasco DS-701G IR & ©]&
Fe& 5470z E #sHth.  Photoresist 2
UV g 9ol A2} FF5E PAC 9} novolac & 242 52
&3 el ol A acetone ol 8312121 F quartz plate °ll
12ym—15um FAZ £X, #dF3 9 film & HE
Aot FBEAF A BdEE YA F4 2HEH
W3} Shimadzu UV240 UV spectrometer 2 73
3ok,

ol

2. 6. 2ilHsnE

Silicone wafer 9ol =X ¥ resist ] F7|& Nano-
metris AF2] nanospec & ©l§ A3t A =
FFoy S el d resist & FEFAE
w2eg2 ey,

Z+9t =& (normalized thickness remaining)=

3 ‘—‘?— ZE resist & F7)
A A resist & FA

oluf resist o] FAE ARLE, AXAZH, A4
} o) wizbalA vheEm 2, resist o A3 T
232 3 FFRZA oA A&sHA 248}

N

¢

4

2. 7. 8laE M(image-relief) 2+l
Photolithography 38l 23] A/4¥ €& JEOL
JSM-35 SEM .2 #&s g,

3. 21 & n@

3. 1. Photoactive compound &4

PAC & 2 orthoquinonediazide & #3= or-
thonaphthoquinonediazide 7} F/% °]%™ #4394
oA & =g AEAY ARG UV EF5d %
chromophor € 4417171 913, X&71& =43},
olw] AME-%]= X&7]E arylsulfonate group ©] 7+
anHez oz <A Jorz, NQAC
THBP, THPB, THB & %7 &F A A
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Fig. 1. IR Spectra of PAC before exposure and after 20 min exposure. (— : before exposure, *** * af-

ter 20 min exposure)
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Scheme 1. Synthesis of Photoactive Compeunds

3. 2. PACS| &HHEt

49 PAC + 365nm, 405nm, 436nm ¢! UV irra-
diance & &3t #ss wES dod,
PAC & #ol| 23] AAE 24T of¢ v3A $
carbene & FA3H, o=
2}3) ketene & a’“?’l":}. oluf HAJE ketene & &
£ novolac I ¥H-&-3t4] carboxylic acid U ester &
FA3th. NQAC & PACOH)—(ID) ¢ =3 A% 9] IR
spectrum %A1 2200cm ' ¢] C=N=N stretching
peak 7} 2F3}8}aL, 1720cm™! 9] carboxylic acid ¢} C
=0 stretching peak 7} YElE=2 3H3¥ PAC 9
A7) 7HeA FHEL FlsT

Wolff rearrangement

T 2 rlo B

Base msoluble sensitizer Wolff rearra-
ngement

— ©:>
R

Ketene

0
d-oH

R
Base soluble photoproduct

Scheme 2. Sequence of Photochemical Transforma-
tions of the Naphthoquinonediazide

3. 3. Photoresist 2| &3l

Fig. 2 ¢] UV spectrum °1 4] m-cresol novolac < 350
nm-500 nm & FFA A UV F5& 344 &%
ou, PAC £ 350 nm, 410 nm ¥ZollA 2
vebith, wEkA photoresist & FE-3+= 350 nm—
500 nm 2] g A PAC ol 9t &8-S &<l rh.

UV ZAFAZEe] F7hghe)l uhe} PAC & 3&- 8 = o
UV irradiance &7} Z&sdch ol Sd &4
2742 345 nm 9 410 nm ] A}

o{'
Eioll
4
il
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Fig. 2. UV spectra of PAC(I) and novolac. Films were
coated on quartz plate and spectra were reco-
rded before exposure.
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Fig. 3. UV spectra of PR1-1. Films were coated on

quartz plate and spectra were recorded with
various exposure doses.
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3. 4. Photoresist 2| Eal|7{=
A28 67122 photoresist & Hddol A &3 A
S B FAD T A }E resist 9
Begz uFsgeh ol e e &3
< 1337 Y8 FEo AFAEG FA 33,
Al =3Fe A sto] FAEHAT. Fig 49A
ehuso] gkl FAIgle]l AL F7HE re-

o3

o8 N @ oo
ol

-
[=]

Normalized thickness remaining
<]
[« ]

e
<}

Developing time (sec)

Fig. 4. Dissolution kinetics of PR1-1 exposed various
doses.
W : 480m}/cm? O : 240mJ/cm? A : 90m]J/cm?,
0 : 60mJ/cm? @ : 48m]/cm?
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Fig. 5. Characteristic curves of the developed thick-
ness normalized to initial resist thickness as
a function of log(doses) for B . PR1-1, ® : PR
1-2.



UZE 7= golAE fFEA Y I R 1 2%

sist o @akelo] U3 S8 FUHR LT, =BTl
z7lg42 @4N §3 oA #§S dE PACH
ko] ZojER, LHAES FAATE 2 BT es
ter o ko] Z1El7le] B HAANOE resist &
£3)5t9 k. PAC 9} matrix resin & & ¥]& @3l
o2 88 AEAE Fig 50 &G 2eH, PAC ¥

i
o

Normalized thickness remaining
o
o

o
(=]

1
48 80 90 240 480
Dose log (mJ/cm?)

Fig. 6. Characteristic curves of the developed thick-
ness normalized to initial resist thickness as
a function of log(doses) for B : PR2-1, ® . PR
2-2.
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Fig. 7. Characteristic curves of the developed thick-
ness normalized to initial resist thickness as
a function of log(doses) for @ : PR3-1, ® : PR
3-2.

P 121

A

2o W2 287A%9 A= Fig 5 Fig 6, Fig. 7 of
H@ nAsP.

90mJ/cm? &} =%, 50 & A4} B¢ PR 112
32 %, PR 2-1 & 60 %, PR 3—1 2 73% o Zos&°l
UehEd o] PAC E70l o ¥stE PACH 2
THBP o8] & Wlzd7)¢] g0 UV =3 o2}
UV 571 golsiAn ddoMs Wzdrle]
J1% 727} LAEEE F7HA M AT &4
A%S Ul

W PR 217 319 ZUFEAE 0% BER
PR 1-1 9] #ukgxte) vlg) AAsAE dot,
THB 2t} ¥7)8 THPB 7} NQAC ¢ ZZ% ¥ PR2-
10] MxBRgME aRxos §AALEE &
3, wARd N ¥W7|F PACTE &8E FAANA.
Z PAC(D) & PACI), PACAID) ol v & HAS Fevt
w51, AN wBRe} ¥ BR XY resist
23 selectivity & A1 Rt Fig. 5, Fig. 6, Fig. 7 I
wibak, @Az Wl e 7} resist o S ATE
Auteg g JERATH

3. 5. Uz, sfa=

7% (sensitivity) & o™ 3HEuhe-& dodleH
a75E Ar | A (input incident energy) 24 1i-
thography I AE, o8 3H4-& A7) 31X ZALEoF
e Hao w3Foz Foldoih, Wk posi-
tive type resist &) = B =P RIS SHAA
S AT F AE a9 =FFog HHo

N
&
o
i
o
o
s
[
ofy
u
off
it
rlo
H
o
o
ox
>
)
©

uls= 9.0l Wtz Qo dr}. Fig 5 7

PR2, PR3 & =%% @zl w gyege] uss
UERA Q. Fig. 59 X o g A8+ 7127124
PR1-1, PR1-2 & Z=¢} 81443 -& w5 1 23hd PR1-
19] PR1-2 Bt} 2=} sig#H o] 453 S+t
PR2, PR3 & 2%l % photoactive compound & ¥l
z713b) wel BEst sdgel HAES Fig 63
Fig. 7 o141 #2138l ch. &4 Fig. 5 PR1-1, Fig. 6 PR2-
1 2 Fig. 7 PR3-19 Z=% RS vw nFAEH
PR3-1, PR2-1, PR3-1 &o2 7xs} s)d¥e] &4
g}9lt}, o] photoactive compoud & TEO WE
Az 24 PAC() < photoactive compound & AH8-3
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Bt BT Ede st 2p0de A
olgstHtt. AMzdE 6714 F

resist £ A 23 NA 249 vlA el P4
=t Fig. 89 resist PR1-1 2 photolithography
Tl A3, A P43t SEM (scanning elect-
ron micrograph) &2 Yeh i),

NQAC ¢} THBP, THPB, THB & 2H photoactive
compound : PAC(I), PAC(II) ¥ PAC(ID & g4 3tx,
matrix resin 1 m-cresol novolac #¢] T3 H1 &< 3
8, 1:2 & photoresist & A Z3to] 733 BEAL n3
&ttt 44§ photoactive compound = 300
500 nm ¢] UV irradiance & &8t 3A3siy 2
&3} photactive compound ¢ %-& =3 Fo)| whnl &
shAeh ol St 5 HFO ma) 2 345 nm 9} 410
nm °] 1t PAC @) W2 Y T %= photoactive com-
pound 2419 A& FHAZAL o] FA
7be#o.&, UV irradiance §42 %315t} PR1 9

HEE PPN, £ 8IH W2 FRE 2
PACKH ) #W8 44%E $aws &

7FA17131, PAC 9} matrix resin & 3:8 9] Z7An
T 3e photoresist = FAAN A APE L)L r s
Agste] F& selectivity & A3+t Photore-
sist o] FH wel gAxo 8 =Foz IHYHE
FEAZIA 2um o] P& vy Hee A
12w, PRI-1°] AFE 7 soA 713 &
zo} #48-S e

o =

Fdstst, Al 14 Al 23, 1990
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