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Abstract: The new photosensitive polyamic acid ester, PSPAE(BTDA-BBPA-HEMA), was synthesized by using BTDA
and BBPA as an acid dianhydride and a diamine, respectively. After dissolving PSPAE(BTDA-BBPA-HEMA) in NMP,
TEGDA (crosslinker) and Irgacure 819 (photoinitiator) were added to produce a negative photosensitive PSPAE com-
position. The polyimide film (PI-F1) was prepared by spin coating of the PSPAE composition followed by imidization
of PSPAE-F1 at 350 °C. The TGA curves of PSPAE-F1 and PI-F1 films were recorded and the thermal behavior was
investigated. The PSPAE film was photopatterned and imidized to produce the patterned PI film having a resolution of
20-100 pm and a thickness of 20 um. In addition, the film reduction rate after imidization was about 25%, which was
remarkably improved compared with that (40-50%) of the conventional PSPAE (PMDA-ODA-HEMA) products.

Keywords: photosensitive poly(amic acid ester), synthesis, formulation, photopatterning, film thickness.
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M=, 2Fo]|F42 A9 benzophenone-3,3',4,4'-tetracar-
boxylic dianhydride(BTDA, Aldrich*he} tlolql Tk 4.4'-
bis(4-aminophenoxy)-3,3',5,5'-tetramethylbiphenyl(BBPA,
Danyang E-knock chemicalhPye ZH2} 1803 60 °C2] Q-]
A 197 Azste] ARSIt 2-Hydroxyethyl methacrylate
(HEMA, Acros OrganicsA}), 1-methyl-2-pyrrolidone(NMP,
JunseiAh)E A €] 8t dichlorophenyl-phosphine oxide(PPD),
triethylamine(TEA), tetracthylene glycol diacrylate(TEGDA,
7}aLAl), 2,6-di-tert-butyl-4-methylphenol(BHT, % 34=]Al),
Irgacure 819337 A1 A), cyclopentanone(3’3<})3} PGMEA
(1789l 52 AldrichAtoll A FHufsted F7te] AAIgle] AR
St

#zaN Z2|oty &t o|AH E[PSPAE(BTDA-BBPA-
HEMA)] &Hd. 7]&e] 4#xl e o83k Figure 1
3} Zo] F TAR At @Al 1) BTDA-HEMA 34
: AAEQ719] HEE-7]9] BTDA 75.90 g(0.236 mol), BHT
0.304 g, NMP 300 mLE 23 W RHESIHA] HEMA 64.37 g
(0.495 mol)= 6057+ A 7}5159th 50 mLe] NMPo )43
triethylamine(TEA) 52.43 g(0.518 mol)y& 7] &<e] A7}k
T 6A17F wukste] w88 Akt @Al 2) PSPAE
(BTDA-BBPA-HEMA) 3H7d: 47] €90 NMP 900 mLE
7k & 5°C7HA] W@ 7zhe §, dichlorophenylphosphine
oxide(PPD) 91.85 g(0.471 molyS 307+ 275193}, o] %,
Ao 8 F&akaL 2417 F7F kg v BBPA 100 g
(0.236 molyS WHg-g-ol 3] H7FstAT d-2olA WA
RkEE & o sl IPR-S AASAT oS 2500 mL
o] FiFel Artste] Q& JAE 33 A&t FHRFE
TAIRE F 50°Ce] F2olA 2447 Axske] 219.19 g
(581 78.92%)S AUt} Inherent viscosity(30 °C, 0.2 g/dL,
NMP). 'H NMR(DMSO-dy): §(ppm) = 10.53(-CONH-); 6.75-
8.21(Ar-H); 5.99-5.57(-CH=); 4.50-4.30(-OCH,CH,0-); 2.16
(Ar-CH,); 1.79(-CCH;=). FTIR: 1710(C=0, ester); 1654(C=0,
amide); 1537(C-N, amide), 986(C=C-H, acrylate) cm™.
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At} SHEE HAAKE VTS50 ©]8-3te] 25 °Collr 54
3}1th. PSPAE(BTDA-BBPA-HEMA) 2 €733} & Zg]o]
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Figure 1. Synthesis scheme of photocurable polyamic acid ester
(PSPAE) of BTDA-BBPA-HEMA.
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Figure 2. 'H NMR spectrum of PSPAE(BTDA-BBPA-HEMA) in
DMSO-d.

= 4 8.18-7.84 ppm(Ar-H, 6H), 7H3-2AHAr-COOH)Y
13.72 ppmeilA] UERTE $4%¥ BTDA-HEMA £35S &+
7he] Ee] = ZAY glo] Yol (BBPA)Y T3-S
APk F WA BACM = BTDA-HEMA E5= 89
o PPDE A7}sle] 7R3 THEAEREe|eg 843}
Al & HolI(BBPAYS X413 H7Fekal Fatate] A&
PSPAE(BTDA-BBPA-HEMA)E A5t om Fx+= 'H
NMR(Figure 2)2 <1311t} HEMAS| WEloldd 2 1
< 599 ppm(-CH=, 2H), 5.57 ppm(-CH=, 2H), 1.79
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ERdth GPCE A3 FHH T AR M, )3 3 4+
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Figure 3. Molecular unit structure of PSPAE(PMDA-ODA-HEMA).
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Figure 4. TGA curve of PSPAE(BTDA-BBPA-HEMA) with a heat-
ing rate of 10 °C/min in nitrogen.
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olatollA] <F 0.8%2] T e Fiel 2$k Zolt}. 100-
370 °CollA 378712 Gialol 23l 28%2] THRAaTT &
ZE] =] o= olm=stel] o3t o] % FRAE(26%)
Fe] LAkl Tk AEA} FARES] Fsl= 450 °C o]
oM dofdE & = Aem 800°Ce o= A F
FO] 38% HEw MEdhe AS Rl &, Aol
T SEAIE ARSI RN Bl o] ditslol g TRt
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HI7IEIE PSPAE =ME M= ¥ ¥Hst 54, A+t
PSPAE(BTDA-BBPA-HEMA) 7]8}e] U]7}E]E. PSPAE %43
5 ARgste] €73t Foll 30 ume] Ejolv|= $EHPI-FI)
< A|lz3k1T). $4%F PSPAE(BTDA-BBPA-HEMA) 40 g&
NMP 48.1 goll A 454 5%2] PSPAE &5 A|=3}
AL FHEE 3025 cPsE SAE]IE. o] &dof tlola g
o] E kA<l TEGDA 1044 ¢S 5713 A3 dx+& oF
6000 cPs= T vl 7HgF Z7FeISAth TEGDAE 7HA| 71
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Figure 5. FTIR spectrum of (a) PSPAE-F1; (b) PI-FI1.
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7+ G733}t o|u|=3H(PI-F1)81 2L FTIR 2 EHS o]
ste] olu| =3} AFE SRISHATHFigure 5). =, Figure 5(b)
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C=0 % C-Ne| a|Fat= SHAA F77F 242 17774
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d73td Zelolm= HE(PIF1)Y] FF F4E 30 umz
FR1=1 0™ PSPAE-F1 I& F7(42 um) thH] 28% F=
712~319t}. o= PSPAE(BTDA-BBPA-HEMA) A15¢] TGA
24 (Figure 4)0 258 G SEA 28%2] T THAaakd ¢
Ask= grolth. PSPAEES TAste FARE WEFAe] EA1F

ANZem 7122 Y7E|HE PSPAES] ©HHel HE T 7
2 BEAZ 4T 5 AJnk. PIF1 229 5% FA &4 &
S (Tusony= 470 °CHL, 800 °CollM] EE AE =TS 60%
2 1= ATH(Figure 6).
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Figure 6. TGA curve of polyimide film(PI-F1) after imidization
with a heating rate of 10 °C/min in nitrogen.
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Figure 7. Dissolution rate of PSPAE(BTDA-BBPA-HEMA) in
developer: (a) PSPAE-F2; (b) PSPAE-F3.
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S8l SOBsle] A3t IEe] Foel-S AT 100,
60, 40, 20 ume] AZ-& zF= lined} dot U¥e] HEl S A
g+ e TEFREIAE Fste] 400 ml/em’ O] UVE ZA}
Sk & 110°CollA] 327F €42 (PEB)E A= Fsstaitt.
Cyclopentanone®l| A1 360% #/3t3L PGMEAZ A& s &
Azd 258 v oz Sk 60 pm AZ2] line
3l & (Figure 8(a))¥ 60 um®] A &S Zr+= dot 3 € (Figure
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Figure 8. OM photographs of micropatterned PSPAE(BTDA-
BBPA-HEMA) with the resolution of 60 um: (a) line pattern; (b) dot
pattern.

Figure 9. SEM photographs of micropattern of PSPAE(BTDA-
BBPA-HEMA) with the resolution of 60 um: (a) before imidization;
(b) after imidization.
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7| Faxgo] Wolx 300 °C ode] I TS AvH E
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