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7FsA € 7Had.

ABSTRACT: A novel photodegradable polyimide, PNSI, having cyclobutane and
sulfonyloxyimide moieties in the polymer main chain was synthesized by condensation
polymerization of N, N’-dihydroxycyclobutanetetracarboxylic diimide and 2,6-naphthalene-
disulfonyl chloride. The yield and molecular weight of PNSI are significantly influenced by
polymerization solvents and time. Thermal properties and the photodegradation behavior of
the polymer were investigated by thermogravimetric analysis (TGA), differential scanning
calorimetry, UV-Visible and FT-IR spectroscopy. It has been found that the photodegradation
of PNSI by irradiation with deep UV (DUV) results from both scission of cyclobutane rings
and N-O bonds in the polymer backbone by FT-IR and GC-MS analysis. The PNSI rendered
positive-tone images by exposure to 254 nm DUV and developing with THF. Thus, PNSI has
the capability of positive-working photoresist materials in the DUV region.

Keywords: polyimide, condensation polymerization, Dbhotodegradable characteristics, positive-
tone image, resist material,
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polyamic acid €& o]&3 HOZ polyamic
acid®] o-nitrobenzyl ester,® 1,4-dihydropyridine
f=M2 polyamic acide] Z#,” 4-naphthoqui-
none FE#M9} polyamic acide] =¥ So} Ut}
Eeojn|E g2 olgde dRE TR FH
cyclobutane 18] FZ& 7}x= Z g o]n 3580
ol Atk A olg} o] Felojuj= A E o]
&3tc dt ol ¢EA AA . ol Egojn|
=rh @itdoz g, AEYAH 54, FEH &
€ TN SHMoF T BAHE AT 7] R
2 Alg €.

2 AT EEnzl s 234 Edoluexs
FEAH FE2  FHo  cyclobutane 2|9}
sulfonyloxyimide 72& =% Hoz IEs &
&o] &A= elely o 4ent. Sulfonyloxyimide T
ZE 71 Zelojrl=& N-O Ago] Aodd o
B 5o £F4d7 ojujs FTXE YAsE o
gelF don, zojd Al os Zie WA
7l o FPLAY FEYAER] $8o] FE
g2 Aok B =RoNE dBFAE NN -dihy-
droxycyclobutanetetracarboxylic diimide9} 2,6-
naphthalenedisulfony! chlorideg ¥Adstx ol& o
FH e FAF A o8 ol FEAAY Feloju=
o B2l 44, FEH 54, vAsY SHEN B
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Al et dekA Ao AML3F 2,6-naphthalenedi-
1,2,3,4-cyclobu-
tanetetracarboxylic dianhydride, hydroxylamine
=} thionyl chloride= Aldrich Chemical Co.o} &
FAHE adE ARgsAd. §4 fulE AR
DMF, DMSO, 1,4-dioxane, THF, #gjd Algs
= 13 Aote 2Rk AR

N, N'-Dihydroxycyclobutanetetracarboxylic di-
imide 2| . DFNZ ALESE N N'-dihydroxy-
cyclobutanetetracarboxylic diimide (HCTI)9} %
42 Scheme 1o uehd wrgo2 Faigm, A4
T ¥4 exe dS3) 2o sj"geg 100 mL7} §of
AdE 3F F2 EgtA3d hydroxylamine, 68g
(0.2mole)& P 0 C JpollA FAHE F< kA
¥ 1,2,3,4-cyclobutanetetracarboxylic dianhydride,
19.6 g (0.1 mole)& AA3] Hrtsigct. o] $A4¢
¢ 59 ¥ Mg 2EE Jro2 2y AL §
ot whgAIZTH YA S AL 75k amic acid &
go] & AUt

Calcd. for CgHgN,Oq: C, 36.92%; H, 3.10%;
N, 10.77%.

Found : C, 36.95%; H, 3.36%; N, 10.52%.

oA A =¥ amic acid FZHA o] B3} oL 9]
9:1 ELHE Y1 A B BRI F 3P
Ak AA3¥ HCTI 23 o=8t vacuum oven
AN 24A 7t Bt IFAZAAG (5& 1 57%).

Caled. for CgHgN,Og : C, 42.49%; H, 2.67%; N,
12.39%

Found : C, 42.36%; H, 2.67%; N, 12.45%

2,6-Naphthalenedisulfonyl chloride 2| 844, 2,6-

sulfonicacid disodium:  salts,

i1 g i1
- C-
& T Y _NHoOH '°“'\[—;/ o heat . Ot
Y—\{ MeOH HO—N—O —~N—OH
° ° IS Ly o o
HCTI
7 T
2 i —_— :
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Q o
NDSC
Scheme 1
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naphthalenedisulfonyl chloride (NDSC)¢] #4
(Scheme 1) t 23 & ¥Hez YA
N,N’-Dimethylformamide (DMF) £ 200 mL7}
EolgdE 37 F2 Eel239) thionyl chloride,
125mLE& ¥2 0T slollA 3087 2R, of
g0l  2,6-naphthalenedisulfonicacid  disodium
salts, 32.5g (0.1 mole) & Y1 AL208 &%E &
3 2A1ZF T WA & G2Bol HAAAG. 4
28 BHEL AL EE NAT o opHEL
2 AdAso 2,6-naphthalenedisulfonyl chloride
& QAR (& 1 89%).

Caled. for C,oH¢Cl,0,5;:C, 3694% ; H,

1.86%; S, 19.72%

Found : C, 36.99%; H, 1.66%; S, 19.69%

olg} Zol YAT FhA<} P FF - FA
#£4& HPLC, FT-IR, UV-Visible, 'H-NMR3} ¢
484 Foz 93d.

DX gy, B84 Felolvj= PNSIe] g4
23xgoz2 WEH AU (Scheme 2). Tetrahydro-
furan (THF) 10 mLe} mj2ld 3mL7} €88 3%
£ Egtaad) &34 HCTI 0.45g (2mmole) & %
3 ERAIFT o] 9o A 293 NDSC 0.65¢g
(2mmole)e] THF €< SmL& AMA3] H7istd
o} ¥ & 80 CE &l2 1A ¢ FHA
L F ¥ZAZY. HEd TEAE vEdn B9
Egedoz A{Y F oFHA7]|1, vacuum oven
oA 24213t B4 AFAZAIA 34 £¢o] n¥
Z PNSIE 22t (& :56%).

TES €4 % oMsk BoL 2Ex gL
PNSIE DMFe] 10 wt% 9] X2 59 £ 0.25 tm
¢ ez o5t Az o] 2EA g4

HCTI NDSC
o o {
N SWieers
5
PNSI
Scheme 2
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A 71% $lol 2000rpme} £28 30x F¢ 3
A =¥t FA] 0.6 me| wrehg AzE3 100 C
£ 7tgste] &oiE AAT F, UV-Visible
B3 FAE ARt nERS] FESF 3G WY
% BZAMY 48 FESF L UBE ARG
T 4 vigeE Ny s e e
A4 848 N =¥t webg Axsa FT-IR&
AHgEte] Fx:Ale] 9%t nER} ezl WHE
ZAFETh PNSI 2Eze] FEs WA ES AR
7] S5t} HEZ 7% 9ol nEA £YE A =
2t duebg Azdtn 254 nmel PHRLHE 24
T F¢ A F Z8 4B E THFZ 3339
g2 &4 g GC-MSE E43l9q. =8 284 &
HolAe] FEH YHEE ZAEH7] 98t PNSIZL
ol &8E THF 848 AFsieo 4o Ao Y
254 nme] A& 241 U ZAFR £ o] £
& GC-MSz EAM3iqcl. sldzge a1z £99
£ 33H =2 42 71H flol XEfATE 2
254 nme| LA AHNE ZAE F THF d4dd 28
¢ A 4 F B wolE e Agste A
A

77| 4. '"H-NMR &4 0.03v/v% TMSs}t
Eoldx DMSO-dgot 1v/ve TMS7t Eolle
CDCl; & D,O8 €v2 AH-8lo Varian Gemini
300 MHz FT-NMR #3712 339g1n, FT-IRe
MIDAC Prospect IR& AM-8td NaCl window ¥
KBr pelletg 5o &33tgr}. UV-Visible &3
<2 JASCO V-570 UV/VIS/NIR 37|88 AM23)
21, ISCO ODS Zgs V4 UV ZA&E71E Z:
HPLC ZX2 g3 3% 2 4 £4¢ ¥
t}. F¥3] H4EL Hewlett Packard Co.e] HP
5890 GC-MSE A3t ARSI, o]F4He
A, ZHL capillary BYEE AMgso 2rlex
60 CAlM HF 2% 250 C#A 6 C/ming] £52
22E g7EM &SPk nEA wute
Headway Co.9] ‘R790 spin coater& AR:3lq
2000 rpme] £x=2 3A = ¥3o Az, 2=z
A} Zx)= Spectral Energy Co.o] 500 W 42 3
ZE BRE FZAPIE ARSI, AzxE et
S Gaentner Scientific Co.e] L116C
ellipsometry & Al8-3te] &Asldon olqie
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Table 1. Synthesis of PNSI Polymers with Vari-
ous Solvents

294 T2E 2t Edolvi=el Y4 L EEAN2E 54

Table 2, Synthesis of PNSI Polymers by Varying
Polymerization Time

run polymerization temp. yield viscosity

run polymenization temp. yield viscosity

. slvent time (hours)  (T) (%) (dL/g) o, solvent time (hours)  (C) (%) (dL/g)
1 pyridine 1 80 188 021 1 pyrdine: THF(1:5) 1 80 314 044
2 pyrdine: THF(1:5) l 80 314 044 2 pyndine: THF(1:5) 3 80 412 05
3 pyndine: benzene(1:5) 1 80 51 016 3 pyrdine: THF(1:5) 6 8 59 058
4 pyridine : chloroform(1:5) 1 80 178 020 4 pyridine: THF (1:5) 12 80 23 038
S pyridine : 1,4-dioxane(1:5) 1 80 330 028 5  pyrdine: THF(1:5) 18 80 72 02
6  pyridine: DMSO(1:5) 1 80 trace -

Nikon Co.2] OPTIPHOT2-POL 3% &u|3& A}
&3t FASAD. a8 43 43dL Dupont
9900 TGAS$} Perkin Elmer DSC7& AMgsted &
& 897) #d A 10 C/minoz ZASIELE

ot ¥ oF

IEX 8 U P=x. Table 1o 4o &
o @& FHFAE Yehid. % 2209 77
GE ful2 AR F 9ol FHol FAHUA A
5t 2EAE] FAXNE 4o FUH e
A7l Tdsn, by A48 DAY &
o] 19% 9] W& k& Uelddt. oo e ¢y
HE Adst7] sl 3 FF9 guis Heve 3
4oi2 AMS-3le] Y& #3iglch. Table 1] e}
¥ ups} Zo] benzene, DMSO 59 &0 oA
HElders ARRE Aend 93a weo BAo]
HojH TEALY] o] ol ¥ Zhe el w
Woll, THF$} 1,4-dioxane} 22 44 dxge ¢
#ole 12y $AE FLu2 AMEE A M2
He 2Ee] e 4L JAHFHEA 18Rl
A Hgol £2FA WY 30% oY we
T&E& Yl olg} 2L A2 HH =g v
o HAgol2 MY-THFE HAstd ST
e ¥ FAIEIYT}. Table 20] 2 dE gk
AT FYAIRES Folo) wet Y DR 5
€3 FEE F7159 I 56%9 vy L &
&8 YERlIth AT FHAIZM] 6A17H8 YAH
W 238 +& ¥ HFxst F&3) Pas: AsE
Yehigict. ol2id ks F8o] Asiswag 44
He Aol o8 nEAe] B3 2§ Hulgo] AslEy)

=2of  A23A A4z 19999 79

dgolztz AREY. TR $AF 2HE 93
o 30 ColA] DMF &ujjo} 2¥A4E 0.2g/dLg =
! gHo2 inherent viscosity P& s}
T8 dPee ANE FEE A a8z}
o] A=+ 0.21dL/go2 ¥y 22 ghe Yehyo
™, 342 THFE A% 2¢ 044dL/ge) 5&
HEE Yehd Aoz Bol THF-dald 240 3o
ME FHol FYsHAl AYslo] nE ] 44 wul
ohel BAFE 71k AL 45 4+ Ui
Fig. 12 5 @3 © 184 FT-IR 2¥ey
€ Yehd ol @y NDSCe A®E-GME
sulfonyl chloride?]e] SO,Cl A&AFo] HYgg=
Fm7} 1381 em ol Yehe widle] a1t
Z¥HEYANE 2 F4971 Al A1 SO, A&AE
d #igdshs F597 1240 cm™ B2 Yehds
o2 Hol mExe] Fge ¥AY 4+ YU
Fig. 2& 'H-NMR 293¢ vehd Ao, gat
A HCTIe] 2HEHL 0.03v/v% <) TMS?} €9
AL DMSO-dioll 481AA B Ao 2 2.5 ppmel
A dehd Has ol 44 D3¢ gD,
cyclobutane®] 44 337} 3.4 ppmoll A hydroxyl
T4 ¥37t 1l ppmol N Zz Jepgo. & & g
FA NDSCe 1v/v%e] TMS7t SoilEs CDCl,
oA §3AA £H3¥ RO 2 naphthalened] 44 1
a7t 8~9ppmellq Yehdth. mERte] A¥EFH
M @FA HCTIE] hydroxyl 44 337} Aol A}
2 Ag & F Aden E g way NDSCe
naphthalene =4 33 FoJA 1, 38 94X 9=
T4 H37t 28 A YE $4 AIE JFo
2 3o ozt o] BT Aoz Mol Fo] Wy A
& 898 F AU F BN L nEAY] Qan
q 23 AEA g3} o|2X o] Ao gxsi= 7
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Figure 1. FT-IR spectra of (a) HCTI, (b) NDSC, and
{c) PNSL

H2REHE Fo] TP A AU + Aol

X K. Az 18] €y A& A
71 91 TGA % DSCE &30 Fig. 3o ©
ZFH o} u¥Ae] TGA ZHE Jelldo. @3
NDSCs} HCTI= Ztzh 250 TS 400 °C #2olA
BHSHA A7 ZasA 70% ol FHEAe
yehd dhd 82 PNSIE 250 T 2AdA A4
3] F3g47t Alzss 500 TR2AAM 30% olst
o] F¥R4E JEREUTE. PNSI9l DSC H4ojM
T 245 °C F2oAM FEH wrgoz v Ao
g fdscs 9 Aart dEEde o 33 o)a
9] &xoN freldole FEEHR YUt

2 §4. PNSI dtete] FxAl] wg UV-
Visible &4 2d e WIE =AY n&A
9] UV-Visible AR EHL Fig. 49 Jepd uje}
°] 234 nmoj|lA Yzgd e Hdl 4 v=vt vehy
1, o] B39 FATE FRAF F7id ol g
o7t FxAREol 60ml/cm?E dow Ao Wa}
2] gttt olgt & ZI:= o2y ol Ay £
Ark. 2EA PNSIE ZZ2AM) o F471 Bais
o] maleimide9} naphthalenedisulfonic acid % 9]
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Figure 2. 'H-NMR spectra of (a) HCTI (b) NDSC,
and (c) PNSI in DMSO-d.

RBAED olg A¥a BF9 FFAIFIT nEA
vs] 7] w2l FFxe 377} AAasits B8
7} o] o4 doluiz] @eow 1 3= WA gt
I o). Maleimide9} naphthalenedisulfonic
acide] 3447} PNSl| vlalo 22 e d¥H

22 Ay}, FEA Y4B Pz g

F3e oldfld] A¢d FT-IR 2 GC-MS £4 Z3}
o 2A%).

Fig. 5ol 3zt A3} %9 PNSIe] FT-IR 2
Hede Yehhcth. FxA 3 PNSI miate] ~
WEHAME N-O ZEe NEAFd HFH:
1650 cm™ 9] 47t Ak 669 cm el A A2
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Figure 3. TGA curves of HCTI, NDSC, and PNSI in
a nitrogen stream at a heating rate of 10 C/min.
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Figure 4. UV-Visible absorption spectral changes of
PNSI film upon irradiation with 254 nm light.

& FFuzt Jebdo. o] F$dg (669cm)e
cyclobutane 12j7} 7igslo] AAEHE dyoln=
FEd o Sgi-ga o|FHFd Ydsles Aoz B
g} oj3% PNSIel ZEH Ase 734 Zg
olul=oj 9JojA sulfonyloxyimide #+%2] N-O Z
gol 7 g =0l £ &4} ojnlE 27 AgHT:
AP} M2 cyclobutane 3] 7} Baiso] wy)
olmE FEMZ WPHGE AL RIF J|E =
3 xS0

Ml 4. PNSI mEx+= DMF, DMSO,

Z2of A23¥ A4z 19994 7Y

before irradiation

©
o

4 after irradiation /

Transmittance (%)

8

85 : —
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Figure 5. FT-IR spectra of PNSI film before and
after irradiation with 254 nm light for 3 hrs.

DMAc, NMP 39| gujdls &85 oMAE,
THF, 222X &, vl&g, 1,4-dioxane, EFA 5
e &3do] WUt FzA Mol B2 g4
HERIE ol SulFolA, 24l o8] 2RA F
H7} Esi€ PNSIl sy g3j4o| aA F7ist
< $9E ZAW 23 THF7L 7b8 3gside A

o] AU watx B AFoA PNSI9 TEH

A2E 5 14 d4gdog THFE AH-stdct.

A HHE. FE YHEY HEgTRE 2A
&7 98l GC-MSE& AMgsigtt. Aluss g o]
o= (&% 99%)& GC-MS=Z £4% %, PNSI 2
4 gelo] BzAlsle] QoW Bl AHEY Am
€ GC-MS=2 &3so F Agzte] HlmENE 3
Aot (Fig. 6). 8 24 oo FEs 4
BE A GC AREYGME the] war) @
Zs5o] FEs WHES BTz of e Basin
gdFts e ¢ 5 AU o] IS FgA A
o gHojnjcel ge BE AZLE JINE F39)
MS £4 Z3} (Fig. 6(b)) Ydoluj=9] &2} o]
o #iF=Es a3 (M/Z 97)7F Es= AL ol
ok 3H DR viute) FzAlste] Qo B
B4E2 GC-MS EHIQME 99} ARG ATE
Uehl . o] & AsnszRE PNSI nExs
FZA) 98 cyclobutane m2] @ N-O P27} 74
5] Zeloluj=9 2 B E Ao APHE Ho
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Figure 6. GC-MS spectra of (a)-authentic maleimide
and (b) PNSI after exposure to 254 nm light in solu-
tion.

gt olg¥ A FZAl @& PNSI 1
¥2e] FT-IR 283 W3} (Fig. 5)¢ 447}
= gX§.

U5 £4A. £o] DMFd 10 wt% 2] PNSI &z}
& $HA7In <4 JIHel 3H =¥ T4 06
pm o] wrehg A zEch. o] dweto] 254 nme ¥zt
Mg YA =AlEt THFE A8l #4438
%t PNSI utete] FT-IR 24l FAIe] =3
o= wo] WA g 1151~1211cem™'9) 5
o HAg J|EeR s, =¥ ¢ A4F F &9
o] A ZAE FHs =3P & wute] T4
ZaE F3s%. o ZAA2YH dojd¥ PNSIY
#E FHE Fig. 79 Ydehliglth. 80 mJ/cm?e] 3
ZAb o8 g FA9] oF 40% 2 Zastd

o|MistAl 84 M. DMFo] 10wt% 9] PNSI 1
28 A7 AEE 71 Sl 3A =X
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Figure 7. Plot of the normalized thickness versus ex-
posure dose.
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Figure 8. A microscopic photograph of positive-tone
image from PNSI film.

54 0.6 gme] urebg Az}t o] wute] ¥ &
nlA38 E£3l9 173 mJ/cm?9] 254 nm LA e
ZABIg Y. THF 8 §%A& 47 AS 34 o
Az o8] w=FE Fio] A L=l AA
2 XY vHzdE 48 4 Aok Fig. 89
2 AT AzF oldsdel 38 dvjF AEg
vehfiglth. o] ARRA £xbE pm GHE e
t}. o] Az RE] PNSI IEAE FZA 9% &
£ Eankgol oz Wdde] g Lz ¥
€ Yoy|x wEty Huy w& AR o]
BAsle Aol gA=U. '

2 =
2 FHol T FR DR TEE e AF
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gy 728

28R FHol

Floln=8 P4t E3 44, A AT, X
EHA2E Y829 &§ FAHL AR A o
7 2 ZEL 4L F Ul

1. @A HCTI®L NDSCe| &858 F8A
3 4ol g€ 4z 6412, F2P-THFR 3l 60%
M¥e] 82 PNSI DEAE & 5 U

2. PNSI z&¥xte] TGA 9 DSC B4 ZA=} of
250 C7HA 9¥oz AFFo] AASAUG.

3. PNSI ¥z 9zl ZAlel o z9jA
Fr 2¥WERGMY FFE7 B4de Aoe=RH
282 FH71 FEHEHE Aol AU

4. FT-IR % GC-MS ¥4 95t fAdd =
Ate  o]@ PNSI9] FEsls TEA ZZHIYA
cyclobutane 12je} N-O Z{te] G wkgo] 7jQl
e A& ¢ 4 I

5. 173mJ/cm?2] 254nm PA4M =A} o
THFE ARS8 Aol o) XAE|ndy oy
4g + A

6. PNSI:= 48 £3x, o9 34 54, 43
54 3 & 258 Jehile IXEHRY 7234 =

2lolu=<qlo] &=
HAS 218 475 3YEIEAD A3y &

A=A (AN E : 1997-002-E00337) A4
o A% Fez oo ZAl=U.
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