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Synthesis and Characterization of
New Positive Type Photosensitive Poly(amic acid)s
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Abstract :
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Polyamic acid (PAA) was prepared from cyclobutane-1,2,3,4-tetracarboxylic dianhydride (CBDA) and 4,4-

diaminodiphenyl ether (DDE). In order to impart a photosensitivity to the PAA, diazonaphthoquinone (DNQ) derivative
(DI) was added. However, the addition of the DI was not enough to inhibit the dissolution of the PAA for a aqueous alkali
solution. Therefore, we had synthesized poly(amic acid ester)s by an adding 1,2-epoxy-3-phenoxypropane to the PAA. That
is, an acidity of the PAA could be controlled by an esterification reaction of 1,2-epoxy-3-phenoxypropane with the PAA.
Significant difference of a dissolution rate of the poly(amic acid ester) between an exposed and unexposed area was observed at
an acid content of 60% and less. Resolution of the positively patterned film showed about 25 pm at the exposure dose of 200

mJ/cm>
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M

7B deellA BREIAETL §
3-;__%_4' 2 FWIE -1—7H
293 AiLAolty. 1 EA} @@zﬂ AelZ YolEgto|lEg
fﬁﬁﬂ% "‘?— ] @Oﬂxﬂq] Hlwate] ez FelAdo] fpstar, Al
b g2 W3t 7hsste] EA9] Alort &olditke A&
}2‘_;]_017(]]7} t2=Ego] Aol A-8H7] = A
< 9% B AT 9 (photo-lithography) &7
13l Z:]'%V‘éﬂ% B3 7] Ao =¢do] 274
ol Ak e8I T=EHo] aAfol| QoA |
d F2l(indium tin oxide, ITO glass) A}°]
Heire Ed 2 73 Gl
%Tﬂo]‘:’]‘:J =8lo] ga7Enk?
Kerwin¥} Goldrick®l 2]3) Z&]
M3k AS H2E dAd o=
goF i AT 5479

To whom correspondence should be addressed. E-mail: mhyi@krict.re.kr

162

F050) Tk Rubner 5o 93] BuR £4Y Feolvs ¥&
B ol S8 2y PAAS) Bl 0EE olg
B oA Folee] Pl F3| Hola WAl Aol BBy
Eelolrl=el A /RS E MolTRA et §48 Felol

= ZErlad o] 2AY 5 g WAt 79 Sl o 2ze
& sielo] Uehd 4 91, #71801E BYAos Agel 1 o)
o @A) ol old sllgEe] 2hart dold 4+ gk Wl oy

m?i

Beo] B9l
w5 Qo] NEGL niaa AAL felE

EErham Yol B ARt 7D S 46}1
& glow, 7 WA

ZRoIAE Qe FHRY Aol TFsab) uhEel #7181
AESRE S4Fe Ms B3 WS A2 glom, w3
A ol % g a5 PAT 5 ek EA

48 FoolrEs &aAA=A Yotz B =, diazonaphtho
quinone acid)Al 7343 “éo Wk Zgove X0 Hrlsh=
o] tisEAoln, whe ISt o T Aol A
, TrEAdo] 87EE %o]:o]]ﬁ,] Aol ol To] Stk
W= A 7 Eeloln|E X9 A4 Chae Tl g3l A2
s g FEE e 23 Eoln=e] Rl 7]Q1gk
F3 Eeloln| =] A7t R skl o), SA T

/Ké'

25} PulgEA

6 X o
ogl
kd

N



Z9} Ak E47e] A FH AT ZERGA ol

B AFolAE A3 ETov s FAE YT ~Z o]
A=A HE3sl7] Q8 7FABA GGl FEA=I}F H
ofle}l U] FEHelA @io] 7hsd MZE T2 A
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(CBDA)Y} 4,4-Tlolu]T]¥|d o8| Z(DDE)=RE A2 127
PAAS AZF T, 12-9ZA 3 ZAZZ3-S PAAY] 71HEAI4H]
9} o 2=H| 238} ¥kgA|A ] kol 2<H E[poly(amic acid 2-hydroxy-
3-phenoxy-propyl ester, PAE)E #4313tk o710l vl &A%} 1,2-
UZEF =) oA wsAdxdZaio|c 2 vy Azxd 7434 &
HAAANDDE EFsted ALF 1A FR8E 38 2HEPS-
PAE)S AlZstgom, vl oA =35 & Ak B4 ot A7
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Alef B ATto)] ARgEE Aok Nw|E-2-3] 22 E(NMP, Kanto Che-
mical Co., Inc.), 737} HE] Z2HE(Tokyo Kasei Kogyo Co., Ltd.), 1,2-°ll
Z2)-3-8|5A] ZZIHEPP, Aldrich Chemical Co.) E2]ol|€o}l(TEA,
Kanto Chemical Co., Inc) 12U ZEF=2.T]olx| =5 xdF 2}
O]=(NDSC, Tokyo Kasei Kogyo Co., Ltd) % H]2¥|&E-A(Aldrich
Chemical Co.) F°l™ BE2] AA| 374 flo] AHESHATE 44-to}
v -t} #) o)l B 2(DDE, Wakayama Seikam Kogyo co)& <=5 99%
9 AFE FY3I IF BN Adxst & ARSI HAlsk
AL FI3 YR E HESHELRUZI| =RAL| =(TMAH,
Clariant Co.2] AZ300 MIF Developer 0.95 %% &S AL&3}
ok 2 AFS=E(MA, Tokyo Kasei Kogyo Co., Ltd.)& SZE2F
BollA AT & AF AZ3AT

24 717 49 ¥E 2 A FREA= 'HNMR %
AL ©]438lH T 'HINMR 23 E7-2 Bruker AMX NMR-300 MHz
spectrometers AH8-3te] SA3IATE DA EA L TA Instrument 2950
HSHEA]7](thermogravimetric analyzer : TGA)E ©]&3l] A4 7]
FalollAl 10 C/min $& £5 2708 Z2HsgeH UV 5 ¢
T3} 248 S21-photo diode Array EHFF=AE ALt vl
AZE $18] MIDASAS] 2 IRAXE AHSslom Juks &
Ao| FzAF AX 24 ABM Inc. AF2] 500 W DUV lampE ARS8}
a7, vkt S =4S 98l KLA-TencorAk2] o-Step 500 surface pro-
filerS AHE-3FAATY.

1,2,34-A2E2REHE| EEF AL 0|F52(CBDA)2| &M, 600 mL
o] M gukgr]e) 150 mLe] FEEXESS Y 100 g9 Telit T4
£S5 &8kt 300 nm o] UV AZ7} A=te sga-3-7] ujd
A 79 B WS s & AR Wale] yA|gele]E o3, A)
AR(BA : oM EAY Frm/7m R E| RERE)ste] Wiale] CBDA (40.0
9)E 40.0%2] FE&= AP

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 ; *C-NMR (DMF-d) : § 39.8(cy-
clobutane ring, CH), 172.1 (C=0O) ppm.

25| 4wMIxH(Dissolution Inhibitor, D)2 €. 500 mL 47 &Hb=
Zek230) 100 mLe| YSZ2ugto)] 83aE 2.85 g2 Hl2HE-A

=
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(0.0125 mol)E Y11 2.53 g9 E]o|"o}71(0.025 mol)S H7}5+
o gz 2me =52l 617 g9 12UZEF| =2 tox =583
S22 =(0.025 mo)E A1A13] VIR F, oF 2A17F FRF wHkEIHT)
NaHCO; 789 3 HSEF F8H o7 ] FAI8H 70.0%2]
FE&2 FIdAAU DIE A=3HH

PAAS| A, D& sz &< 250 mLo] 47 Tomle Zeta
of AAV|FHE E2FHA 501 g DDE(0.025mol)E 45 mL2] N-v
2.9 2] £(0.025 mol) ¥ 45 mLe] ZAvlHEIZSE F-gujo|
S3AIZ] &, 4.9 g9 CBDAE AA13] H7I8IATE HEg-8H-& 244]
B Wkt 10 wi%o] wAEHS 2he A EElov=
ATAPAA)E TA A

PAES| &M, ZAH-29)7] 3toll e 100 mLe] 47 Fus &
gk230 PAAT EPPE 27} 12 B8 142 BH|Z Qe F oy
o] EPP ¢ the] 5 EHAIES] TEAS H71stich vh-g-25(50~
80 C) & HHSAIZH3~48A17DHS WA A7 w270l W
2H 23} w31 JTE 'HNMR 237 B4 53
At

2N Za|QMOIAE 2 ZME(PS-PAE)2| M=, Al=F PAES)
ke 54 HZ3 ATE $18] PAE & £89AA DIE &
3 S-PAES A|Z3}9it} ol DIo| ke AAxA <] 30 wt%
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Z2l : PSPAES] vA| w8l FAAHS 3 F2APEAZA ABM
Inc.AF2] 500 W DUV & mercury lamp7} 22 =378 ARSI
o FEo] IRFE SRS B3N 365~400 nm IARES A ElEted]
zAY. B BAZE 20 mI/em’E 1831

EEOAT : 2~50 um2| FAIZ 27} HEEe] Qe TENAIE
A8l FxAL e FsAT

22|48 (Photolithographic Process) Bl : PS-PAE 88 4lg]
Z dols 9ol 1EA =23 90 T 71T QoA 287 F<k
A1) A2 (pre-baking) 3 &, FF2AF AFHES T ©]o] 90 CellA]
B 59k =33 & Xl (post exposure baking, PEB)S}3 o1 &4k
el 0.95%2] TMAH F8Ho) 5~15% B}t AN & {52
Ak AT 34 F 9feke] S 2umE g ST

Photo-bleaching 2% : 12-UZEF=2-T]olA| =54 Z|0| EV =
afre] o R s BES FAEE JA 3] "HomglE 84
2 283t A, olu =l IS ] Mol AFE A=
AMAA ZHE DIE Ralgo=24 dEe FEASTE EHo|= photo-
bleaching 34 -S =359t} 365~400 nm IH&2| #42)B-& 2L}
HA FERAF| FEAE vXE FEFE AR
BB ZHESR= PS-PAE TE9| EHEZ ZAF
7] 218l PS-PAE €948 045 ume] PTFE YEE AME3te] o35k
3 A97|3 X3 cm) Yol X3k 90 CollA] 77 H9F A=xstY
t}h. o] ABM Inc AR =375 ©]83 365~400 nme| 3ol A]
AF9) 3-8 ZALSI T Photobleaching® PS-PAE #8250 C2] &
EolA 18 B¢ @A Este] oln| =38} ihE-S 3%t F, Agilent 8453
UV-visible spectroscopy 3 FE=AE AHE3t FEAZE A}
Atk

ity £4. 2+ PS-PAE BHete] yislehy S48 913 &4l
2= MeOH, THE, DMSO, NMP, ZE# A 2E |74 (PR-stripper)
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2 7k Al 7R HAAR F mRGEE Sl &,
TMAH 89| 45-eolle deolA A9
g I EE

TR &Y. CBDAE Zelldh o] Folagsh wheol s &
ko, 40.0%2] &2 A=At FEE= 'HNMR 237
of ofsll glstiet.”

EHART (DN B ! FZEA. DI Scheme 1] ol 3]

AR o™, 70% ol &= AzxHYTE FERE 'HNMR 2
FA o8l Felslon, I A3ES Figure 19] =418tk

mp 167 C; MS 692 m/e(M"); 'H-NMR §(DMF-dy) 1.52~1.59(3H,
Me, d), 6.79~6.82(2H, PhH, s), 6.97~7.02H, PhH, d), 7.18~7.22(1H,
C8-H, d), 7.47~7.50(1H, C6-H, d), 7.51~7.54(1H, C7-H, d), 8.14~
8.17(1H, C3-H, d), 8.64~8.66(1H, C4-H, d) ppm.

PAA2| HIZ Scheme 20 =AIS v} o] §AFFREGC] 23]
PAA ATFAE AZzsom, o] o 1] 2 10 wt%=E 14
ik AxE PAA TEAY FF= HINMR 388 AME5H
gR13tH o™ Figure 20 1 ZHE EASATH

PAEQ| M=. PAAS] 71EAI4HS EPPOE S| 2H| 28} HH-g-A]7 0
ZA v gRe] e e Tt ugsldS SR Ol
2H| 23} W82 Scheme 30 E=AI3F vl9} o] =3t o A
Z¥ PAES] 7&+ 'HNMR 3A12 21815 2™ Figure 30 1

O
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’ T
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Scheme 1. Synthesis of the dissolution inhibitor.
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Figure 1. '"H-NMR spectrum of the DI (solvent: DMF-d)).
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Figure 2. '"H-NMR spectrum of the PAA (solvent: DMSO-d).
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Scheme 3. Synthesis of the PAE.
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PS-PAE2| M= 3! SM 0172 DIS} PAES &9 ollA E3fste &

‘339 PSPAEE AIZ33ATE 35 HAZSE 98f 40%9] ol
HEZ3l=5 7= PAES AME3Igon g9 100~200 cps
2 3439k DIY EA48%7IATE 915t Agilent 8453 UV-visible

=
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spectroscopy EFBEAE ©]&3t DI A9 F4 ~HEH
(Figure 4)2 dow, 71 A3 DI9 F54 FYo] 250~450 nm

el Faltytt T3 Figure 59 TAI%F DI®] GFHEA
o2 RE] DIo| 3 AF 257} 9F 160 C U & 5 ATk
olde] ANZHE| PSPAES =3upd ¥ GAg] 58 AAT

AT



Chemical shift(5 : ppm)

Figure 3. '"H-NMR spectrum of the PAE (solvent: DMSO-dj).
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Figure 4. UV absorbance spectrum of the DI.
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Figure 5. TGA curve of the DI.

O|lAHI2sI= £X(Measurement of the Degree of Esterification).
A S 2t HR e dxHEEE F317] 93] 'HINMR
B4& B3l olzH 23 ukgol o8 AE Fao] RG-S T3
I o]ZRE A ZE PAEQ] AAHEIEE ALK

2 *EI'-I YENT =X 55 M oIAH 23l ZE. PAASY] 9
3ol QoA WhER 50| F7he o 2H 28l xe] S7te}
3 PAAS] EAFS] ZHAE op|shH o2 Qs A Te to}
9] 2s-g-0 2 Qlal| 7hAIF Faxe] AskE Zefgith” web
FEAE A4S HAE A HAISPEEde] 7hs3t Cl2-H 23}
E-‘ﬂ HAZE flt o ~EHI23) WhEo] 2% 9 AZte] Wstel| w}
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%H]—E— 122 3143 Ayolt).
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Figure 6. Comparison of the residual film thickness of the PS-PAEs
with the degree of esterification (Film thickness : 2 um).

Table 1. Esterification Condition of PAEs (1)

Condition of the esterification
Temperature (C) Time (h) Mole ratio (PAA:EPP)

Polyamic acid ester

PAE-1 60 18 1:2
PAE-2 70 9 1:2
PAE-3 70 18 1:2
PAE-4 80 9 1:2
PAE-5 80 18 1:2

Figure 6> Table 1¢] =31 3}ollA] A= PAE-1~5& DI} 7o)

3 THHIE E3ste] AP dlolH floll Z'RT F i) 90 CTollA 2
Bk oA uAA i) =, i) 90 CY 2504 58 59 w3 &
Ag)sta, A4 095%2] TMAH 8o 1023F JZAIR1
A3k S5 FAE 4% AEE)H PAEY d2HESI=
HlW =23 TJefzety a4 ¥R W ARES] St w
o|~E|23l=9} e FlshE AES UrEhHOiowl 80 C 2
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S
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emol 18412
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Pr =4 SHE A 22 PAEE 497
2 9]ol E ou 1) 9 °co1w 2%, i) 90 CTollA] 5% &<+ IX
F, i) 250 T2 WA 18 54 AHAT Wekg A8}
O BoFo] dAjg] Algto] ~7F“°ﬂ WPE} FEAE
Frdle ATS RYom UATMAN FEITE 855%71HA
FA3kd T
webA PAAS] BAF Aot HashetdA o 2H2sEE S}
AF17] A A7 FAHAT. F, EA] Fag Al $s)
o 2H 238} WL EE 50~70 C7HA W31, Ao PAAS] thEt
EPP] AH7}EES 2u]2 Z7 A wkeS 183 A3= Table 29

Jl}l

gk
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ol 32 W qm
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Figure 8olx= Table 29| ¥W-8-%=71 3lel4] A|Z¥ PAE-6~11F DI
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Figure 7. Change of the transmittance of the PAE films with the
degree of esterification (Film thickness : 2 um).

Table 2. Esterification Condition of the PAEs (2)

Condition of the esterification
Temperature (C) Time (h) Mole ratio (PAA:EPP)

Polyamic acid ester

PAE-6 50 18 1:4

PAE-7 50 24 1:4

PAE-8 60 18 1:4

PAE-9 60 24 1:4

PAE-10 70 18 1:4

PAE-11 70 24 1:4

. . . . . —70

100 "0 s
= 90 60 2
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% 80 35 g
g ts0 + .8
,& | 70 . L45 §
£ 601 F40  H
= L35 &
£ 50 30 8
E 401 25 B
§ L 304 20 8
B L15 @ &b
g 2 ST

10- L5

0

G T T T T T T
PAE-6 PAE-7 PAE-8 PAE-9 PAE-10 PAE-11
Esterification condition

Figure 8. Comparison of the residual film thickness of PS-PAEs with
the degree of esterification.
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Figure 9. Transmittance of the PAE-10 and the PAE-11.

/X200 100Am WD 160mn

X200 100/m

Figure 10. SEM image of patterned PS-PAE-10: (a) 50 um, (b) 25 um,
and (c) 50 pm.

F50] 25um (b)2] AWFEE ZH= PAESS AT
Photo-bleaching 937%. PS-PAE-109] "lM3PdEAd 34 & vl
F-3loll ZHESH= PS-PAE-10 ¥12he] 219 Al o3t FEIHE
W3l A7E =3I Figure 110] EA18950] 365~400nm 3}
Aol xAe] A F 2AFE ST met FEARETE A A
ol A=t 5, 1}94%‘@ ZA87] % PSPAE-10 #H2He] 400 nm
M) FEATE 10% FJ=2 o w2 ke Yehislon
400 mJ/cm? Al712] %XA}oﬂ 3 R24%7HA A ZVEe By



Table 3. Solubility of the PS-PAE-10 Film

Solvents®
MeOH
THF -
DMSO -
NMP -
2.38% TMAH -

PR stripper +-

“Abbreviation : THF : tetrahydrofuran, DMSO : dimethyl sulfoxide, DMACc :
dimethylacetamide, NMP : z-methyl -2-pyrrolidinone, TMAH: aqueous solu-
tion of tetramethyl ammonium hydroxide. %++, soluble ; +-, partially soluble ; -,
insoluble.

(©),(d),(e)
100+
—~
é 80+
5]
60
8
=1
= 4 (a) : UV exposure dose 100 mJ/cm’
g 40
@ (b) : UV exposure dose 200 mJ/cm”
=} (c) : UV exposure dose 300 mJ/cm®
S 204 (d) : UV exposure dose 400 mJ/cm”
= (e) : UV exposure dose 500 mJ/cm?
0 (f) : Imidization on hot plate in N, blow
T T
200 400 600
Wavelength(nm)

Figure 11. Effect of the photo-bleaching on the transmittance of the
PS-PAE-10 film.
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B Hrksle] PAES AZFTO 2R PAAY A7]57] 52 Ao
stRom, o Ax gz o) tigk sl Aot 71sst
Atk HlAEEAS 2UZEF =2 toXE5 A xd ER2 ol eg
FE 34 83AAAE A=A olF PAES £33t Al
¥ Fo PSPAEE AZIIATE 40% o9 o2HESI=E 714
= PAEV} 2A4E2] 7§ HEEURFI| ESA0|E dZE] 8
Aol 2J3f) 25 ume] FFEZE Zh= vlHIsH FAdo] 713t Photo-
bleaching F421S HHFatgom HF o|v| =3} wh-go| zge
Hhke] 400 nmollA9] FEIHEE 92.6% AEE AMEAL, W
3 318hA PAE YERSAT
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