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ABSTRACT : A new alkali developable photosensitive poly(amic acid) (PAA-0) with transmittance at 400 nm
was synthesized from cyclobutane-1,2,3,4-tetracarboxylic dianhydride, 2-(methacryloyloxy)ethyl-3,5-diamino-
benzoate and 1,3-bis(3-aminopropyl)-1,1,3,3-tetramethyl disiloxane in N-methyl-2-pyrrolidinone. Photosensiti-
vity of the PAA-Q was investigated at 365-400 nm in the presence of a photoinitiator using a high pressure mer-
cury lamp. The photo-cured poly(amic acid) was insoluble toward aqueous 2.38 wt% tetramethylammonium hy-
droxide solution. Negative pattern of the PAA-0 with 25 um resolution was obtained by developing with 2.38
wt% tetramethylammonium hydroxide solution after exposure of 600 ml/cm?in the presence of 2,2-dimethoxy-
2-phenyl- acetophenone as a photoinitiator. The patterned poly(amic acid) was converted to polyimide by thermal
curing at 250 C for 50 min, which showed chemical resistance against photoresist stripper as well as good
transmittance at 400 nm.

Keywords : photosensitive, polyimide, alkali developable, good transmittance, photopatterning, alicyclic chain
polymer.
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Aok, 2 Qo] AER Aok 35ElUERYEY 2
Fa}o]) & (3,5-dinitrobenzoyl chloride, 99%, Acros organics),
A7} (iron powder, 325 mesh, 99%, Acros organics), 2-3lx
Z x| HEla o] E (2-hydroxyethyl methacrylate stabi-
lized with MEHQ, Tokyo Kasei Kogyo Co., Ltd.), N-#|2-2-
9] E2]E (N-methyl-2-pyrrolidinone, NMP, Kanto Chemical
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Co., Inc.), HIE}3]| =372 (tetrahydrofuran, Kanto Chemical
Co., Inc.), y-HE] ZZ-E (y-butyrolactone, Tokyo Kasei Kogyo
Co., Ltd), ©]A= 2 HZ (isopropyl alcohol, 99.5%, A&
3}8h, #ZH3= (benzophenone, BP, Tokyo Kasei Kogyo Co.,
Ltd.), 22-T]H|E-A]-2-8]d o}A|E| = (2,2-dimethoxy-2-phenyl
acetophenone, DPA, Ciba Specialty Chemicals), 18] 1-3]=
E A #AAH A E (1-hydroxycyclohexylphenyl ketone, HCPK,
Ciba Specialty Chemicals) 5= H%.9] AA| IA §lo] 1
2 28315k 7[ek v AlokEdt fuiss TR A
5 A B4 flol ARgsiglnth

#4717, 3AE DA, SEA F 2 8t 3=
FEEAS YA o2 2L 71718 AHEERlYh H-
NMR 2% EZl= Bruker AMX-300MHz #3415 AM8-3}
o EAslgon FT-IR 2% E2l= Bio-Rad Digilab Divi-
sion FTS-165 FT-IR #3415 A48l SA3130ck UV &
4 % 23} T2 S-21-photodiode Array 3 BT AE
2889k 9R2AL TA Instrument 2950 53 4
7] (thermogravimetric analyzer : TGAYE ©]-&-3}glc) =wha}
AZS $13] MIDASAIS] 231 %) HAE ALgsigie
g 2l B2A BAZAH ABM Ic. A8 500 W
DUV lampE ARz, Wb = ZAE e
KLA-TencorA+2] o-Step 500 surface profilers AH&-3}-9I ).

A 4.

A g2 8e-1,2,34- s ESFHEA Ae] F-4-E(Cyclo-
butane-1,2,3,4-tetracarboxylic dianhydride)2} 34 :
600 mL2] A4 ¥-g7]o 150 mLe] FREEXEE Y
WA 45 (1000 g 1.02 mol)yS £33t} 300 nm
skl uv #H=r) Abaksl Faksr] Wellx] 79 E<k vk
S 33 3, AAE WA Aol E o3, AZ
A (A oA FeERTE R EE) sk A
CBDA (400 )2 400%2] &= Alx3l$c}h”

mp 112 C; MS m/e 196 (M+); 'H-NMR (DMF-d) : & 3.89
~4.01 (m, endo form), 4.13 (s, exo form) ppm; BC-NMR
(DMF-d7) : & 39.8 (cyclobutane ring, CH), 172.1 (C=0) ppm.

2-(MlElaP 2 A LX) E-3,5-t| E2 20| E[2-
(methacryloyloxy)ethyl-3,5-dinitro benzoate, ME
DNBI : d&¢] @21 523 ell <1 500 mLe] A T2
vt Fehaso) 35 E R F2TlE (1000
043 mol) ¥ °ME (200 mL)E P witsdA T
(343 . 043 moly A7lelsiek o371e] 2-5]=% Alolvle}
SYALE (569 g, 043 mohE A3 BT F 142
Zol wutslgdch wkgo] Tt F FHES st 3
Ao pAS AABG or, Aojzl vheEAE Y FF
sl AR A E ER R §AR 5 2
AP AUER $808 AE3le EeER EAEk A
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AAA st 48 Aol MEDNB (121.5g)2 86.0%%] 4
&2 Axs5t

2-(Flelad 2 A& A)) ol -3,5-t] opu] i R o] o] E
[2-(methacryloyloxy)ethyl-3,5-diamino benzoate,
MEDAB] : 2 L2} AR 5<% vpe 2223 MEDNB
(203.5 g, 0.63 mol), °|AZTZHUZF (1000 mL) X SH+
(250 mL)E A71F F 50 T7HA AA3] 7hdshiaA i
wkslde). @2k (7.53 mL)# A7} (3516 g, 630 moh)S
7“47}3P $ 1580] AutE o 22 ko] 943 A
£ oAl AV WY 2x2E 70 TR FAJs)
HA 8ARE 2 7HE f?l ¥ 2& AHRE B3 AEE
AAsFG o, dojA fAg A FHIGAL AR
IAE YEFEEAR] A7 F, FABMESF 8
BE 7Bt 2 diks AASG e, miAte
AsEF —’?—%°-‘1—9E Agstgler. Aol wAdA 4
& oldotAEelE At (F3ul=3 1 )9 FRuE
A AzvlEaHsE S ZEsiglen o4z
*FE AAAZ ] gt =] MEDAB (1142 g0F
68.9%2] $&% Ax3}HGi

"H NMR (DMSO-dy) : & 6.41 (d, aromatic, 2H), 6.02 (d, aro-
matic, 1H), 6.01 (d, ethylene, 1H), 5.68 (d, ethylene, 1H), 4.99 (s,
amine, 4H), 4.42 (m, aliphatic, 2H), 4.36 (m, aliphatic, 2H), 1.85
(s, aliphatic 3H) ppm.

Eeghike) 3. 48 Fxo) ¥ 250 mLe) A F
< vhe Eekazel AL 715 ZHFHA NMP (117 g)
9} ZFR| A2 A Flo|E2H = (200 mg)S
oj7]o] MEDAB (16.8 g, 63.5 mmol) & 1,3-bis(3-amino
propyl)-1,1,3,3-tetramethyl disiloxane (0.08 g, 0.32 mmol)<
Y1 ¥RESPHA CBDA (125 g, 63.8 mmol)S A1A13] 7}
Shick b8 24 AIZE b ] 20 wined] T
A s e P ERovl= ATA PAAOE
gskgict.

AzEH PAA-02] AR BA FHAg A7E A &
B &ofol] M= o e FAAIE 38 R F
9] ZT9ht A =AES AlESSITE (Table ).

'H-NMR (DMSO-d) : & 12.47(s, carboxylic acid, 2H), 10.42
(s, amide, 2H), 8.28(d, aromatic, 1H), 7.94(m, aromatic, 2H),
6.01(s, ethylene, 1H), 5.65(s, ethylene, 1H), 4.52(s, aliphatic,
2H), 4.39(s, aliphatic, 2H), 3.83 ~3.56(m, cycobutane, 4H),
1.85(s, aliphatic, 3H) ppm.

FT-IR (KBr pellet, PAA-0) 3600~2800 (von), 1720 (vco,

imide), 1700 ~ 1640 (amide, NH), 1550, 1460 (vcc aromatic),

1210, 1170 (ester, CO-O), 930 (methacrylate, =CH, wagging),
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Table 1. Formulation of PAAs and Effect of Type Photo-
initiator on Solubility of PAA Films

Solubility*

Poly(amic acid)  Photoinitiator’ Structure
PAA-) 1o - ++
o OCHs
PAA-1 DPA’ -
OCHj
O
PAA-2 HCPK @—“7@ -
HO
0
PAA-} BP +-

A7tk

5 wt% to PAA-0. !Abbreviation. DPA: 2,2-dimethoxy-2-phenylaceto-
phenone. HCPK: 1-hydroxycyclohexylphenylketone. BP: benzophen-
one. ‘Solubility in aq. 2.38 wt% TMAH: ++, soluble; +-, partially
soluble; --, insoluble.

801 (methacrylate, =CH, skeletal vibration) cm™. FT-IR (KBr
pellet, PI-0) 1780 (vco, imide), 1720 (veo, imide), 1600, 1460
(Ve =c aromatic), 1350 (imide, vay), 1210, 1170 (ester, CO-O) cm’.

TRE AY L BY W

kg B4 2 7R Eolnl= ArAle] kg A¥
< 93 & AFAE F2A A EA ABM Inc. AR
500 W DUV lampE A3} 0, o= v]2] (mirror)
£ AREste] 365~400 nm #$]2] ApelFs AR A}
23515k 2432 A7) UV power meters AE-314
Aot em 20 miem’E AFGT) ARe)Fe] FAR=
2~50 um®] "|A] 327} HEiskE o] 9= AE =5 (con-
tact exposure)32] TER[AIFE A3l ov ululol] A
FAA FxA AYE 5339

734 F ke gt 38 29L 045 um] H)
X F (PTFE) ZHE A3t o33t 3 A2 ¢ols
Hell 23 3Gk 90 TollM 27 53+ db|a4g3dh

F =3 AS Ao, of F 160 TAA 108 &
& olnl=s} whee il AT A% TAAY F
AZE 20 pme] HES 248G AgALE 238 wi%2}

TMAH §2& k&a}ﬁﬂ 242 B 3=
& 3] Siekol BN W S kA7 o)
A B 94 A8 5 .
93 545 panos] 8
2] ol HAAA 2
F 51500, PAA
Sl 42 BHAe] 29 7D PAAD $E 90 T
A4 28 AN F 250 ToIA S0¥ et 24k
s N s dad F AL AR Sl
BEAE : 3FY BUGA PAAO~DE T T
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Scheme 1. Synthesis of monomers: (a) CBDA and (b) MEDAB.
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Scheme 2. Synthesis of poly(amic acid) (PAA-0).

Zo|M, A28d Al6Z, 2004d

Alicyclic Photosensitive Polyimides 497

st om, 400%) &2 Ax=HYrt 2 'H % P
NMR spectroscopy®l] 2]3] &21slgl=t), °C NMR 23]
ERoA Alg=ig 129 wd ©hi 9327} 39.8 ppm©]
A} Uebskow, o) H. Suzuki 5ol ©J3 2329 41.5 ppm
# A9 frAbekglek

2-(Met2 R 2 L5 AR -3,5-Hobr| w2 o o] &
Scheme 1(b)°ll 412t o] A stgl o™, 68.9%2] '%i
Az= Pt 2= 'HNMRe] 93] elstgich

e gkake] A&, Scheme 29 TAIZH vle} Zo] g
g wkgell <J3) E2shit ATA PAA-0)E AZ3IGL e

Z3A)e] 225 H-NMR ¥ FT-IR ¥334% *1%6}0%
0 0
e} o)
NO,
FeHcl
(o] (0] 2propano|
O\/\O O\/\o
gHy  OHy
+ 0.5 HoN=H,C—HoC~Si—O—Si—CH,—~CH,—NH,
CH;  CHy
NMP
o)
OH
CHy  CHa
N—H,C—H,C— Sl—O—SI—CH2 CHy—NH——
o CHy  CHg
o5
AE A LFA Egolnz =x]2) 4 497



498 Shimet al.

oH
o o
NH‘(E’NH Hon
. CH; CHj3
HO NH-CH,—,
o o9 —CH—§;— 0—§i—CH,_ oy
0, o o ; } > NH
\/\O)K( [T
99.5 0.5

oo i

12 10 8 6 4 2 0
Chemical shift (3 : ppm)

Figure 1. "H-NMR spectrum of PAA-0 (solvent: DMSO-dy).
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Figure 2. IR spectra of PAA-O (a) and PI-0 (b).
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Figure 3. TGA curves of PAA-O(a) and PI-0(b).
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Figure 4. FT-IR spectra of PAA-2 on varying of exposure dose.
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¥stey.
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Figure 5. Conversion of photocrosslinking and exposure dose (a)
PAA-1, (b) PAA-2, and (c) PAA-3.

X300  104#m  WD8.1mm

Figure 6. Negative type pattern of PAA-1 (exposure dose ; 600
ml, dipping in 2.38% TMAH for 20 sec).
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Figure 7. Transmittance at 400 nm region of various PAAs cured
by different processing conditions (a) PAA-O, (b) PAA-1, (c) PAA-
2 (Processing condition: (A), prebake at 90 C for 2 min; (B),
exposure with 600 mJ/cm’ at 365~400 nm; (C) post exposure
baking at 160 C for 10 min; (D), curing at 250 C for 50 min).

OCHz OCH,

OCHs OCH,

OLOL
H OCH,
Scheme 3. Generation of conjugated structure by photoirradiation
reaction.
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RoFFo] ZERit $A1 s FxAle] o oo
7] &Alol thEk o] FUetg e, B ¥ 160 T
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gk gl zlo]E Rk =3k 250 CollM e FAE
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Table 2. Solubility of PAA-1

Processing Condition”

Solvent

(A) (B) (€) (D)
THE - +- - .
CHCl, - +-
MeOH +- $-
DMSO +t +
DMAc ++ ++
NMP ++ ++
7 -Butyrolactone ++ ++ -
KOH 1.6% ++ ++ +4
TMAH 2.38% ++ ++ -
PR Stripper ++ ++

“Processing condition: A, prebake at 90 C for 2 min; B, exposure
with 600 mJ/cm?at 365~ 400 nm after process (A); C, post exposure
baking at 160 C for 10 min after process (B); D, curing at 250 C
for 50 min after process (C). b ++, soluble ; +-, partially soluble ; --,
insoluble.
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