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Synthesis and Characterization of New Positive Photosensitive Polyimide
Having Photocleavable 4,5-Dimethoxy-2-nitrobenzyl (DMNB) Groups
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2 e AR IXEEY YA ZElonE MHAAE F4937] Y5k, Elelulaty AR st=
B4k 715 K,COy/HMPA 27 stellAl FEsi4d 234 719l 4,5—dimethoxy—2—nitrobenzyl
bromide$} WHEAIA oAE|ZE AT Wk S1EEAA 7] 38 ov|EaAA poly
limide— co— (amic ester)] & AT G Y & F21 FT-IR, 'H-NMR $2o8 &l
81913, DSCot TGAE olg3te] d2 §A4E st 3k o] mialel xpld& zAlshd
B4 7190 4,5~dimethoxy—2—nitrobenzyl 717} #alEo] }2HAAF 7|15 A ole} 7ER}
7 gy A sl Zasiol e, olF olgste] IAEH dEE IHTL 4 Atk st
Z| 4 5-dimethoxy—2—nitrobenzy!l ester F%Z Z= poly[imide— co— (amic ester)] 8] AE&
AP Tt ZFTHE dgoen, o5 Fi) o] n¥ale HAEAHS 2AEY. 11 2 gx
£ 4000~6000 mJ/em? o] oH, ZEE 31~49 F%Q Rog glgdch

ABSTRACT : To synthesize a new positive photosensitive polyimide precursor, parts of
carboxylic acid groups in poly (amic acid) were esterified with 4,5—dimethoxy—2—nitrobenzyl
bromide in the presence of K,CO3/HMPA follpwed by the chemical imidization of residual
carboxylic acid units. The chemical structure of resulting polymer was characterized by 'H—
NMR, UV/vis and FT—IR spectroscopic methods, and its thermal properties were examined
by DSC and TGA. Upon UV irradiation, 4,5—dimethoxy—2—nitrobenzyl moiety underwent the
photodegradation. As a result, the polymer berame soluble in alkaline developer due to the

formation of carboxylic acid moiety, which was used to make a micron—sized positive pattern.

Sensitivity curves were obtained from the gel fraction experiments with respect to the
various 4,5—dimethoxy—2—nitrobenzyl ester tontents. From those curves, the sensitivity
was ranged from 4000 to 6000 ml/cm?, and the contrast was measured to be from 3.1 to 4.9.

Keywords : polvimides, photosensitive polymer, positive type, micro-lithography, poly[imide-co-(amic

ester)].
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bota®l <& RuETE!!¥ 3= poly(amic acid
o—nitrobenzyl ester) & #4819+, o—nitrobenzyl
estery FEINY HE712A4 94 ZAbe 98 7t
2FAA o—nitrosobenzaldehyde 2 Haf =] ¢ o}
2 ArA 8] FEA 2L poly (amic acid)
(PAAY R ®istEo] A7t o7de) ddde)] )
H F Qirh o] Alxvle gFe dY e &
7 o—nitrobenzyl ester?] #&4 Fo] 245~260
nmO| B2 deep UV A} Bosly A= Z
ojul= HTAY FES J97 FEHO YR
ZAbgo] Zajoju|e o8 FoEo ZEAY an
7} #-S5aivke Aot

wiba] B2 AFoAE Scheme 13 o] Aj2&
EAE B 2 Egolv|m MFAE A
o} & o HkgEl= 7E 07 FEA 4,5-dime—
thoxy—2-nitrobenzyl (DMNB) 7% %3iste] &
T HRUE Bo AR £o2 o]gAA Egolv
Lo A 5 #Aste) i% il om, g4
FoldE ATV Y8 dtE o AMgEHE £
olml= AFA PAAS L EHE e MER
glolu|= HFA poly[imide—co— (amic ester)]
(PIAE) & #43I3lvh olg) 22 1Al 71254
A NE FHER goDE PAAY 2 Eolv=
A7) vla] A2elA sl ds 3% 5
=719 e2g =271 nlE

4& 2 ¥ opg o]

& 2AF0EN AR, $9E Y &9 48 27
she 2] FFed B D Aok mat gy
g nEA FFEYE doluy o5 o) 4e [A
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22X 7V s A

Al ek AR EYomE ATAY AL 9T
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Scheme 1. Synthetic scheme for photosensitive poly|imide—co— (amic ester)] having 4,5—dimethoxy—2—

nitrobenzyl (DNMB) groups.
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& T At TR ARSI AAH23E st
AREE KpCOse AloFEE 74438te] Zdl2 AME-3t
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AldrichAHe] AlE& T8l 2R ARt ==
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Poly[imide- co-(amic ester)] (PIAB)S| &Hd. AF-&ofl A
A4E THFEA 100 mL 52 vy ZetAFo|
ODA 0.50 g' (2.5 mmoD) & ¥ 5 g8 NMPZ 7}3}
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o] NMPE 715t o5 24413 < vH3AIA PAAE
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Scheme 2. Schematic diagram of photo —patterning mechanism.
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Scheme 3. Schematic diagram of photo —degradation and formation of azobenzene—2,2’—dicarboxylic acid.
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Figure 1. 'H-NMR spectra of PIAEs :
(b) PIAE-2, and (c) PIAE-3.
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Figure 2. FT—IR spectra of PIAE
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Figure 3. TGA thermogram of PIAEs: (a) PIAE—1,
(b) PIAE—2, and (¢) PIAE-3.
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Figure 4. DSC thermogram of PIAE —2.
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Figure 5. UV absorption spectra of PAA and PIAE
films: (a) PAA and (b) PIAE-2.
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Figure 6. UVspectral change of PIAE—2 film under
365 nm UV exposure.

Polymer (Korea) Vol. 26, No. 6, November 2002



T T
1600 1200
Wavenumber (cm’™)

Figure 7. FT—IR spectral change of PIAE—2 film
under 365 nm UV exposure: (a) 0 min, (b) 14 min,
(¢) 60 min, (d) 100 min, and (&) 120 min.
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