Polym. Korea, Vol. 46, No. 6, pp. 799-804 (2022) ISSN 0379-153X(Print)
https://doi.org/10.7317/pk.2022.46.6.799 ISSN 2234-8077(Online)

etga| +=SHolM Bdo| Jkss HIHE[E &Elle] EE|o|n|l=
SR gt & gds o7

g st sfekEsht
(2022 7€ 20¢ H<m, 20224 99 79 4, 2022 9 13U AE)

Synthesis and Photo-patterning Properties of Negative Type Photo-sensitive
Polyimide Copolymers Working at Alkaline Solution

Hyo Jin Park, Hae In Shin, Da Jeong Chae, Ji Hyeon Yeo, Ji Eun Gwon,
Jun Young Kwon, and Seung Woo Lee'

School of Chemical Engineering, Yeungnam University, 280 Daehak-ro, Gyeongsan, Gyeongbuk 38541, Korea
(Received July 20, 2022; Revised September 7, 2022; Accepted September 13, 2022)

5 4Nkg71Z velolmad 2 2591 hydroxyethyl methacrylate(HEMA)S ZAREE 7AW 4@ 890
EAbo] 7153 AR 374 (ol d2HE) F5TAE pyromellitic dianhydride(PMDA), 4,4-oxydianiline
(ODA)®} 2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane(Bis-APAF)E 7|Wke 2 3HAslSitt A &0 &
Zer diHE) FEFAe G4 on=st W] fste] FElolneg AgEn, w2 dPAEE 7RIS <
Stieh. B2 Zej (et dAHE) FETA, AAMAA B ThAl Fo FA 28w F I3 Aol i
2 dell FAE ODAS} Bis-APAFS] Ao we} 2kl w3gol] w2 d4 & 2 JAslo) 2Jo)E BYds 3
Attt AAFARIRA S o] st ] F8da o] A4 F A olm| =3t Fo] FRS wAsIl e, F7t
A E2eHY dzER) FFEA 9 Al FYE ODAS Bis-APAFS] 2dd 2 EAS 4314

Abstract: Negative typed photo-sensitive poly(amic ester) copolymers having methacryloyl groups as a side chain were
synthesized using pyromellitic dianhydride (PMDA), 4,4’-oxydianiline (ODA) and 2,2-bis(3-amino-4-hydroxyphe-
nyl)hexafluoropropane (Bis-APAF). The poly(amic ester) copolymers converted polyimides by thermal imidization pro-
cess, and the polyimides have good thermal stability. The photo-lithographic properties of the formulation containing
poly(amic ester) copolymers, photo-initiator, and cross-linker were investigated with the point of composition of feeding
ratio of ODA and Bis-APAF in the synthesized poly(amic ester) copolymers.

Keywords: photo-sensitive poly(amic ester) copolymers, photo-sensitive polyimide, thermal imidization, photoresist,
photo patterning.
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M=Z. tltslol=gte] =21 pyromellitic dianhydride(PMDA)
3} t]oliel 4.4’-oxydianiline(ODA), 2,2-bis(3-amino-4-hydr-
oxyphenyl)hexafluoropropane(Bis-APAF )= TCI(Z-& )l
u3ked 100 °CollA 24X 7F 7AZ3k] ARE3IA . N-Methyl-
2-pyrrolidone(NMP), N,N-dimethylacetamide(DMAc), methanol,
phenylphosphonic dichloride(PPD), pyridine(Py), oentaery-
thritoltetraacrylate(PATTA), 2-hydroxyethyl methacrylate
(HEMAY= Aldrich(®]=1)ellA] Faste] A glo] ARS-3FAT.
Michler’s ketone(MK), tribromomethyl phenyl sulfone(TBPS),
tetramethylammonium hydroxide(TMAH)= &9 3A 712 Sk
el 714 ol GAllglo] ARg-siaitt.
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&Y Z2|0a oAHZ) SSEHe| B, 23]
4 FF(eFY odlZHR) FFHAlE 718 & gl
A A o= sl A HAR J-s71E 2
oA = 3}3HE<] PMDA-HEMAE PMDAS} HEMAZS] W3-
o2 439tk PMDA 12.0 g(55.0 mmol)Z 100 mL<]
NMP9l| 3521 & 158 ¢(121.0 mmol)2] HEMAS HZ3] 3
7¥ekaL, 7o 2 50 mLe] NMPell 8]2% Py 10.4 g(132.0
mmol)& AA3] H718E F 12A17+8 60 °CollA] wkg-aiiTt !
¥l PMDA-HEMAT E2](eFY] o|ZHZ2)E 3=
AREEIITE FAE Ee Y] Cl2HZ) 53] HEMA-
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£ nuclear magnetic resonance(NMR) &7l 2 A}-8-3}lo] 'H
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Z X (inherent viscosity)= Ubbelohde FE 2] H=AE A&
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H A ZHY dH-e 2z F8d w4 (OM, LV 150,
Nikon, )} HAFARE ] 7 (SEM, S-4100, Hitachi, L&)
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2 3L 215 ppmoll A YEPES gIst o, AAtE<l
oxyethyleneoxy L& (-OCH,CH,0-)2] ¥d=}e] s}eh4 ols
©] 4.53-4.23 ppmelA] YER b= Z1& SRISIGITE B3, At
Ape] FARzONA Hehhs 5441 287191 opwjo|= At
(CONH)* #l=¢ -OHl| aiFsh= Fg=ke] 38h4 o]0l
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Figure 2. 'H NMR spectra of synthesized poly(amic ester) copo-
lymers: (a) HEMA-PSPI73; (b) HEMA-PSPI5S.
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Figure 1. Chemical structure and synthesis scheme of poly(amic ester) and polyimide copolymers.
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Figure 3. FTIR spectra of synthesized (a) HEMA-PSPI55 poly(amic
ester) copolymer; (b) HEMA-PSPIS5 polyimide copolymer.
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Figure 4. Dissolution rate of photo-sensitive poly(amic ester) copo-
lymers in developer.
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Figure 5. Photographs of patterned copolymers: (a) OM of pat-
terned HEMA-PSPISS poly(amic ester); (b) OM of patterned
HEMA-PSPI73 poly(amic ester); (¢) SEM of patterned HEMA-
PSPI55 poly(amic ester); (d) SEM of patterned HEMA-PSPI73
poly(amic ester); (e¢) SEM of patterned HEMA-PSPIS5 polyimide;
(f) SEM of patterned HEMA-PSPISS poly(amic ester).
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