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ABSTRACT : A new akali 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-big(3-aminopropyl)-1,1,3,3-tetramethyl disiloxane in N-methyl-2-pyrrolidinone. Photosensiti-
vity of the PAA-O 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 agueous 2.38 wit% tetramethylammonium hy-
droxide solution. Negative pattern of the PAA-O with 25 um resolution was obtained by developing with 2.38
Wt% tetramethylammonium hydroxide solution after exposure of 600 m¥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 & 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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2. A3

Aok, & Aol AREEE Aok 35T UERMEY F
F2}o]=(3,5-dinitrobenzoyl chloride, 99%, Acros organics),
7} (iron powder, 325 mesh, 99%, Acros organics), 2-5]=
E x|l o] E (2-hydroxyethyl methacrylate stabi-
lized with MEHQ, Tokyo Kasei Kogyo Co., Ltd.), N-m]€l-2-
7] Z-2]% (N-methyl-2-pyrrolidinone, NMP, Kanto Chemical
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Co., Inc), HIEZ}Fs| =253t (terahydrofuran, Kanto Chemical
Co., Inc.), y-HE] Z2-E (y-butyrolactone, Tokyo Kassi Kogyo
Co., Ltd), o]&==Z 2= (isopropyl adcohol, 99.5%, AHA
3}8h), Wlxo|i= (benzophenone, BP, Tokyo Kasd Kogyo Co.,
Ltd.), 22-t]H|E-A]-2-59]d oA ES= (2.2-dimethoxy-2-phenyl
acetophenone, DPA, Ciba Spedidty Chemicds), 18]1L 1-3]=
E A A IAE (1-hydroxycydohexylphenyl ketone, HCPK,
Ciba Specidty Chemicas) 5~ 2] AA| A glo] 1
= ARSIk e o Aokt fviles 74T Al
= A # glo] ARSshslck

B4717]. 399 A, SEA 2 2 vk s3]
TE2EAE A8 2 e 7S ARSI TH-
NMR A= E 2= Bruker AMX-300MHz #3715 A-&-3}
o SAsIH o, FT-IR 2~ E2}+= Bio-Rad Digilab Divi-
sion FTS165 FT-IR #3715 A3t SA4315ick UV &
4 1 23} 242 S21-photodiode Array 33 Zx 4|
Abgstgdel 842 TA Instrument 2950 D5 £
7] (thermogravimetric andyzer : TGA)E ©]-§-3}5ict v}
AzE 915 MIDASAS] 230 519 4A1E ALgsiglon)
s 3] FaAk FAZA ABM Inc. AH2] 500 W
DUV lampE ARgalgle, Wk R 24 A
KLA-TencorAF2] o-Step 500 surface profiler S AH8-3} it}

A FA.

A1 Z25E-1,2,34-HEFH A Ao F4-E(Cyclo-
butane-1,2,3,4-tetracarboxylic dianhydride)®] ¥4 :
600 mL2] Ao ¥kS7)el] 150 mLe] FREXES W
w4 7= (1000 g, 102 mol)= 8315+t 300 nm
o] uv =) Ak k3] el 79 Sk vk
o= T 3, AR Ao uAH AR E A3, AA
A (8 oM Fg B el 2ehE)she] W)
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CBDA (400g)Z 40.0%°] $&= Azl

mp 112 C; MS m/e 196 (M+); *H-NMR (DMF-d) : 5 3.89
~4,01 (m, endo form), 4.13 (s, exo form) ppm; *C-NMR
(DMF-d;) : 8 39.8 (cyclobutane ring, CH), 172.1 (C=0) ppm.

2-(Met 2L 2 Y LA ML -3,5-t| EZ I 2 0] E[2-
(methacryloyloxy)ethyl-3,5-dinitro benzoate, ME
DNBI] : d<¢] @71 3 dlell 521 500 mLe] Al 5
vlel ZelkA30) 35t YE R SFE2le]= (1000 g,
043 mol) 2 °oHE (200 mL)S Y wHkshHA ZlEd
(343 g, 043 mol)= A7) o17]el] 2-3| =FA] el H|e}
IH°|E (569 g, 043 mol)= AA413] H7IsE 3 14]2F
3 wHkslsit) vhg-o] i &, E3ES olFsle 3
Aol IAE AABFG o, Aozl vhEAE 7 S
itk AAE A E YFEEHee S8)47] 3
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&% Alxstlck

2-(dlEl 22 2 Y SA) L -3,5-H opu| hlz 0| E
[2-(methacryloyloxy)ethyl-3,5-diamino benzoate,
MEDAB] : 2 L] A < vl £8k2~3] MEDNB
(2035 g, 063 mol), °]AZ2H U= (1000 ML) 2 SF7HF
(250 mL)yE #71e ¥ 50 C7HA] A1A13] 7FdshiA] o
Hksldck G4k (7.53 mL)¥} A71F (3516 g, 6.30 mol)E
AN F 1580 At W e o) dabt R
£ oA ATk gl £xE 70 TR SAe
WA 8A7E B9k TR ¥ ae AR g3 RS
AAstgow, dolal gale gt FRatAch Y=
vAE gz &A1 T, SAEES 44
A Atel A5 Qaks Astgen, mAtes
ASPIEF sealow Asint Aol wHA 44
E2 oldobHlolE ¢ AL (Fu]=3 : 1] Fgul=
Az azvkEeEg S pelsgon orxea
d=z2 AAAsI A3k =] MEDAB (1142 g)=
68.9%2] &= A|x3}3ch

H NMR (DMSO-dg) : 6 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, diphdtic, 2H), 4.36 (m, diphatic, 2H), 1.85
(s, diphatic 3H) ppm.

Feohel F3 A8 2ol 90 250 mLe) A §
2 vjet Zekaso)] Aa 7152 FHFEA NMP (117 g
o} FEPAARA o] =213 (200 mgyE 71k
o]7]°| MEDAB (16.8 g, 63.5 mmol) ¥ 1,3-big(3-amino
propyl)-1,1,3,3-tetramethyl disiloxane (0.08 g, 0.32 mmol)=
Y3 wukshHEA] CBDA (125 g, 638 mmal)2 414138 %7}
sholek Hhe-g-lls 24 A7k E<t wRkske 20 wt%] 3L
A S 72 R EYovE ATA (RA0E
g8t

AxH PAA-0S] ks 54 HA3E A7E Slsl &
2 AE Eelol] M= HE FINAAIE T3] vk F
o] Ee it A 2w AxsglH (Tablel).

H-NMR (DMSO-dg) : & 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, diphatic,
2H), 4.39(s, diphatic, 2H), 3.83~3.56(m, cycobutane, 4H),
1.85(s, diphatic, 3H) ppm.

FT-IR (KBr pdlet, PAA-0) 3600~2800 (vo), 1720 (veo,
imide), 1700~ 1640 (amide, NH), 1550, 1460 (vc—c, arometic),
1210, 1170 (ester, CO-0), 930 (methacrylate, =CH, wagging),
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Table 1. Formulation of PAAs and Effect of Type Photo-
initiator on Solubility of PAA Films

Poly(amic acid) ~ Photoinitiator® Structure Solubility®

PAA-0 no - ++
o OCHs
PAA-1 DPA’ -
OCHj
(0]
PAA-2 HCPK @J@ -
HO
O
PAA-3 BP +-

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

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

ke Ad 2 54 L

ke B4 AR EElolvl= AgrAle] kg A
= 93l & AFelAe FE2AF AR 24 ABM Inc AR
500 W DUV lamps- ARE-313 o, oAl e wl2] (mirror)
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&3kglch. 2AREe] A)7]= UV power meterE A8}
Aozt o 20 m¥en’® 1 AFTE ARe)Fe] EAR=
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tact exposure) o] EEWIATE ARESGl o whate)] A
XA Fx2AF AdE s
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gk & 3 mm 5719 g 7] flol] 23 ZH3ck 7}
A7 $JolA 90 T 28 52k A3 F 600 ml—°4 28]
F& Ao, 160 TollA 108 59 =33 5 d4
235t o] 3 250 °Cﬂ 2|4 50 53t 7HdsEle
z+ 34 °ﬂ*H FH 525 UV-Vis spectroscopy = A3}
SIEIEAS S A=
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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-Q).
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Figure 1. "H-NMR spectrum of PAA-O (solvent: DM SO-dg).
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Figure 2. IR spectraof PAA-0 (a) and PI-0 (b).
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Figure 3. TGA curves of PAA-0(a) and PI-0(b).
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Figure 4. FT-IR spectraof PAA-2 on varying of exposure dose.
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Figure 5. Conversion of photocrosslinking and exposure dose (a)
PAA-1, (b) PAA-2, and (c) PAA-3.
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Figure 6. Negative type patern of PAA-1 (exposure dose ; 600
mJ, dipping in 2.38% TMAH for 20 sec).

20x F<t A viAl 3PS AL ©12E A
AL An) (SEM)S B3l Flskgleh 2 A 25 ume)
WY=E 7HAl= viZFEl R 3Hde] deiFlal Figure 6°]
SEM AHl& mAJstic
FEHE QA EA 2AelA 2w AYE Fo
A= 7HARA delA w2 BEIEE T
24 A 2419 x9lo] aHch Az Zgk
dee] 75 BAAATE AR A dske o AL
=2 FAEE Biloy, A Ak Rahee
a7 veEpg
whebA BAAAALE] T 5 5 2710) ARkl T
A& G3e 248k Fgure 76l 400 nm shgoll A 2]
PAA-0~29] A x7e W Fi= HeE yehiigl
of. 2= & 5 3ol BANIAE] Al wet B
s e 7é7 £ B3lrh 53] DPAZE =41= PAA-
- vlsl] 2] FFAErt ashe 2y
5 BoJFglE), o] Scheme 300149} o] DPAS] 315}

N

~
>,

rlr
HU PN o

J“r

ol = #A)9] 4 499



500 Shimetal.

1000
ol - @
92! Q
\
88k ®' % ©
\

84 Y T

Transmittance (%)

72‘ 1 1 1 1 1 1 1 1
(A) (B (©) (D)

Processing condition

Figure 7. Transmittance at 400 nm region of various PAAs cured
by different processing conditions () PAA-O, (b) PAA-1, (c) PAA-
2 (Processing condition: (A), prebake a 90 ‘C for 2 min; (B),
exposure with 600 m¥cm? at 365~400 nm; (C) post exposure
bakinga 160 C for 10 min; (D), curing at 250 C for 50 min).
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Scheme 3. Generation of conjugated structure by photoirradiation
resction.
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BoFo] it FA]= Fxatel] o3 o] #-
| &Aol gk Aol Frtskelen, =3 ¥ 160 T
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Table 2. Solubility of PAA-1

Processing Condition®

solvent B ®  © 0
THF - +- - -
CHCl,4 - +-
MeOH +- +-
DMSO +4 +
DMAcC ++ ++
NMP ++ ++
7 -Butyrolactone ++ ++ -
KOH 1.6% ++ ++ ++
TMAH 2.38% +4 ++ -
PR Stripper ++ ++

®Processing condition: A, prebake at 90 ‘C for 2 min; B, exposure
with 600 mJcm?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). ® ++, soluble ; +-, partially soluble ; --,
insoluble.

7¥ghe] B= vt

2.38 W% EﬂEa}uﬂ%"JE—vEﬂEi*M (T MAH 7—&
o A 25 ume] A A o] 7lsss Eelslgic). st
Ee)olnle AL AR FAelN S5 B
A g AR Yeh gt
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