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ABSTRACT: Photosensitive polyimides having cyclobutane or phenyl and aromatic
sulfonyloxyimide units in the main chain have been synthesized and the photodegradation be-
havior was investigated in relation with the polymer structure. The polyimides were prepared
by condensation polymerization of N-hydr.xy!l and sulfonyl chloride. The prepared polyimides
were stable up to 250 C without thermal degradation. It has been found that the
photodegradation of polyimides upon irradiation of 254 nm UV light results from scission of
N-O bonds or ring opening of imides moiety by spectroscopic measurements. The polyimides
were useful as positive working photodegradable polymers. Especially, the positive tone image
of polyimide containing a pyromellitic diimide moiety exhibited high sensitivity and

resolution.

Keywords: photosensitive polyimide, photodegradation of aromatic sulfonyloxyimide, positive-

tone image.
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Found: C, 48.42%; H,1.52%; N, 11.24%
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Found: C, 26.28% ; H, 1.45% ; S, 23.35%
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Table 1. Synthesis of Polyimides by Condensation
Polymerization

run ) time temp. yield viscosity
No. P9™ () (c) (%) (dL/g)
1 PNC1 6 80 56 0.58
2 PNF_’I 6 80 71 0.63
3 PBCl 6 80 21 0.38
4 PBPI 6 80 27 0.46

AdlA GC-MSg Mt vjdshde Azst7]
Qlsled A} 242 HZ W 9o A =¥
31, ol.utet 9l ¥EulAIE ¥ 254 nme] Wzt
g A1 & THF &9l & A3l 20%x F<t
X d4sigoh. 449 vAs4e Nikon Co.9]
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2500C SEM& Alg-3le] sl
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Figure 1. FT-IR spectra of (a) HBCI, (b) NDSC, and
(c) PNPL
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Figure 2. 'H-NMR spectra of (a) HBCL, (b) NDSC,
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Figure 3. TGA curves of (a) PNCIL (b) PNPI (c)
PBCI, and (d) PBPL
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Figure 4. UV-Visible absorption spectral changes of
PNCI film upon irradiation with 254 nm light.
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Figure 5. UV-Visible absorption spectral changes of
PNP! film upon irradiation with 254 nm light.
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Figure 6. FT-IR spectra of PNCI film before and
after irradiation with 254 nm light for 3 hrs.
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Figure 7. FT-IR spectra of PNPI film before and
after irradiation with 254 nm light for 3 hrs.
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Table 2. Solubility of Polyimides

before irradiation after irradiation

solvents T BNCI PBPI PNPI PBCI PNCI PBPL PNFI
DMF © © ©0 © © .0 O ©
DMSO © © 6 © 0 © © ©°
DMAc © © © © 0 © © ©O
NMP o ©®© o © © O © ©
14-dioxane x x x x X X X X
m-cresol X X X x X X X x
THF X X X X A O 0O o
acetone X X X X X X o [e]
chlorofoorm X X X X X X A A
toluene X X X X X X X X
methanl X X X X x A O ©

©: More than 5vol%, ©: 1 vol%~5 vol%, A: Less than 1 vol%,
% Insoluble.
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T T T T T
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(a)

Abundance
2000 205

1600 —
1200

800 220

400
!
0 |
T T T 7T 71T T 1

M/Z— 60 80 100 120 140 160 180 200 220

(b)
Figure 8. GC-MS spectra of (a) N, N-dihydroxy-
pyromellitic diamic acid and (b) PNPI after exposure
to 254 nm light in solution.
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of 59 ¥ GC-MSE £4¢ Za ¢3A HBClY
gejaE GC 4o T|RSHA 4%x, NN'-

2 Hu m?-

g

A

|

e)
=3

dihydroxypyromellitic diamic acid= 18.5%-]
o] 32E vEehlol ojd} diF HF 4 ZAE Fig
ure 8(a)ol Uehlirt. PNPl n&ze] BxAt ¥
GC ~deqdoMe the lo|a7t BE=o] F28
YA Bo] ol §- ctEE & UMYk olF Holz F
N, N'-dihydroxvpyromellitic diamic acid®} #&
retention time& 7}R|= Ho)3d] il Hak BA
< &% 23} Figure 8(b)ell 291 nje} o] NN’ -
dihydroxypyromelitic diamic acid®} ©of$- FA}gE
2de83e Jegpd. ZaHog  pyromellitic
dimide #ZE& zh= 183z} PNPle] Aol 3z
Akl 2ol& imide Elvt felHWA]  pyromellitic
diamic acid |2 £HHE 21& ¢ 5 doH, o
28 Azl UV-Visible, FT-IR A9E& ZAxnjol
Aol 4z syl e PNCls FxzAbel 93]
maleimide®} 2.6-naphthalenedisulfonic acid2 ¥
#sle 2 GC-MS Zaz2g syt

(c)
Figure 9. Microscopic photographs of positive-tone image (a) PBCI, (b) PNCI. (c) PBPI, and (d) PNPI films.
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olMEA A Tt H2E 718 Hd e &
e A sl wehe AFsla, o] e ¥
ErjAaE 4 o 254 nme] AN E 2ALE}
gt THFE AHg8led @A & EFQA EE n-
hexaneg AME-8l Al sled T E|EY vl s}t
- g % 9k Figure 9= 471x] F7el 734
Zglolul= g AR-3 Al FE uAside] Bt Aol
7 AHg Jehd Aol o] AeAM &AR= pm
991 vepdth 2 dFoA Az Zeojujs 1
Baps mE dxzAle) od] E&HA Fa vhgo] &
oju} @Areld] hE S ¥sE dos| vl
e 7259 dAsde] oA AL & F AN
t}. 3Ez FH9 cyclobutanetetracarboxylic
diimide F#2& Z& 1¥AE vAsE 271 A8
200~300 mJ/cm?e] BEAIFE Foz st W
o] pyromellitic diimide TFZE & IEA=
100 mJ/cm? o}&te] FxAlel Mz A w4l

se ¥9g 4 AN TP nEA FH
benzenedisulfonyloxy 71 & 2= nEE}H
naphthalenedisulfonyloxy 71 & zte= IEAY] 4=

Exo] & 27E B 53

EXo] mjg Holu} 17.3mi/cm?e] &L FZA
o ddsME FLE A EE dE F AU
o} 2 A Eejolvls i) 7 T2 w
& FEs& sl Ee oo rIdEte Aoz A
€t}. & pvromellitic diimide 7+Z& zZt= 182}
PNPI+= cyclobutanetetracarboxylic diimide 2
9} PNCI 1n#=zte} 22 FZA| 28] aromatic
imide 32)7} FlEM Rz} FHo] Ladrt. o}
2} aromatic imide 318]7} BT} FHe dEAleko
2 gdHd #=rt S/

2 £
AZz FHof BYFE xS FEI &
{718 2= Uge Fxo BEA EFEov=g 3
st T2 B, 2213 54, €8 4F, FEd
AT 4% HA2E AEZ $§ He8E =4
3o o 2 2nE AU
1. 18z F49] naphthalenedisulfonyloxy”] -
ZEZ 7= PNCI¢} PNPI 8% AL 65% %
416

o] ¢lx, PNPI :¥xk= 718 & 270 C

2 A
7x) 4y oz AT )

3. Zejojuje mExh= FRA o3 nEA F
71 B AL AAY & YAt 53| nE
2} Z o) pyromellitic diimideg &&3l= PNPI&
PNCIg} 22] #zAldl 98} imide 3el7} dd tf
& 2R F471 BeiHe A € F U}

THFE A183 @4l o ETAHEER u4 o]
AR

5. 2434 Zejojnce BEE 7es &R 22
Tzl FA 9E3i9, 53] PNPI 82k= 17.3 md/
em?e] Z& BERAZANME imide m12le] a7t

CECE B FE . PE R

ZAte] 2: B A7 199995 FHEF214k9
Adoz FYs|on, old A=Y
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