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Fig.2 Reaction scheme of one-pot polycondensation for siloxane-containing low-modulus polyimide in TriGL/GBL.
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Z. Wik % 180 CETHIEL T, 30 fRFFLI-% M/:n/%:k7/77) HEREL, B
23045180 CICTHE L TERYE M oL ZBELRNOY—7 T v X LB A K%
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Fig.3 Reaction scheme of one-pot polycondensatlon for random copolymer
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Fig.4 Reaction scheme of copolymerization by a sequence-controlled polymerization procedure.
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Fig.5 IR spectra of anhydride-terminated oligo-imide (a) and PI (b).
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B CTEIL L, ARALTWET D VIRfEE LY bl E D 0, Z ORME =% F)
FALTLY =% =3Bk S, Fig? (%, a3 o HIKEMESR Pl ~ DNQ
ZURIR S TR L 72 21 pm J& PSPI 7 ¢ /L A DR dif 2 o=t RS &2 58 R L
R OBE L EFRTH L, 435 miem™ (@ 365nm) & IERETEH 0 722708 & Ll Al E v vk
EAER LT, ZORRIIPI BAEOEWEANEE 7 = 7 — % OH O HFIEC L 5
T IVH VIRIREN TS L TWD A EEZ LD, $T-. fMEEOEL 5L ) —7
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Fig.6 UV-visible absorption spectrum of DNQ in NMP, the transmission spectra of P1 film and spectral energy distribution for the major

lines from a super high-pressure mercury lamp.
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Fig.7 SEM image and photosensitivity curves for PSPI film (DNQ: 9.09 wt%): 21um thick PSPI film developed by
a 3wt% NaOH aqueous solution at 40°C for 30 sec.
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v ua XU U EH PIOBUKI SRS N CuRE & OBE N ZFDTND Z ENFINEE 2
bIb, £ T, HHAFEOREILEWIIEE Lz, WiEbAEWIZ LD CuKiHDOHHE
BRI, BN H 7 VLR E L THIET 5 Z R bNn TS B kix et
HORRINE & Bt LTG5, Fig.8 DX D /IR AN T 7 MEEMEIRINLT=> 1 ¥
GG R PSPI-S NERIND PSPI & Hh_T, Cu L 05 1% 5 {58 (35
kgf-cm™) BB Z LN TE 2, 22T, ERTRE X, B, B (Cu) ZEHERE
SLEE (SRR L7= i ASINERIRIN (BHE~0uin) Lo b Enes o2
D, FEREANVD T MEEWIT., NI CHo R RA2RIET L8 THDH, DFD.,
FPC Bl TFE CRELFE TR 2 5721 C5% 1T 2 MM  FERNICHEE LV, 3B e -8
Wds - 2L X —5 8 X B4 5608 (TEM-EDX) % W THEE#% O PSPISS B =V 7
O Cu K Z W42 L, ML ETe 5-Tnm FROGHEEROIFEN Cu FiF -
ICHER S 7= (Fig.9) . PSPl 2459 % Pl. B8 X OREAANC bIENFET D08,
BIEANT T MEEWE TN L T 72 WA, B S - 70, fE-> T, TEM-EDX
TR SN ERIL, HFERA VD T Meaisk L HEE T, $iFEm & o 7eiEs
NERBEWEFTFOZ N goTo, £l HENNEOLNIZZ LI BB AR (Blg
FREDIA) 1TEL | BEEIRED LT TS IERANCEEIEIZ X - T PSPI-S @2
BREHREZLDEEZ OND, M O TIEET D AVE T MESWOAREEIX,
B D FEOBIEKIBERIZE > TRBIZRETE D720, A v X TRAR EICKEIL 0o 72,

R, \
G T
—N N—N

R =
1 100 nm

Fig.8 Chemical structures of mercapto-aromatic compounds. Fig.9 Cross-section TEM image of copper surface
covered with mercapto-containing PSPI-S.

Y G AR PSPI, £ LT EBEA N T MEG Z @ L 7= PSPI-S O
PIPEIZ DU T Table 1IZFE & 7=, PSPI 3 X OPSPI-S #1247 ZEEBIRE (Ty) 1%, 49
120 CCTH Y, W PHFEECHERIND Y 7 —iBESM (260°C) L0 HEWET
Hol=zh, EEEDOY 7o —TRTOREAIIEN-T=, = L CREWEESRE (CTE) 11,
Cu ® CTE (18-20 ppmK™) X v & #isd TV ME (471-668 ppmK™) % 7R L7-72%, PSPL/
Cu [H® CTE REEAIZ XD FPC DKV I&, W PSPI TRIZZ S NeinoTc, T ORERIL,
vaXxtra=y MIED I AN—@R 7RO MR (0.24-0.28GPa) Z#H LT\ 5
ERTHD ), MRS £/, 40%LL LD Z L BIRE FICHa it 2 R b A
bETWDLZ N pote, BRI, FREBNHIEDOSRIZ L VIKWETH 55,
300 CULEZMEMRLTWD A, W EHY 7u—TF/ (260 C) b +omx> 22
EWGND . FPC A N— L LTHAICHEATE 2 2 LB HEND BT,

Table 1 Film properties of PSPI and PSPI-S.

Tq 5 Tensile . 90° peel Non-
Cover . CTE Ta” N2 € Elongation .
. (C) N modulus strength flammability
material (ppm/K) (©) (100 MHz) (%)
(by TMA) (GPa) (kgf/cm) (UL-94, VTM-0)
3.20
PSPI 121 471 354 0.28 41.6 0.61 Passed
tand 0.008
3.35
PSPI-S 120 668 340 0.24 79.9 35 Passed
tand 0.007
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1. FEREME (MR Pl

AT L72 PSPl O X 9727+ b U V7T 7 ¢ —I3HBGHIN TSI D R, #2560,
BN VLETHY , HE T A SR DIRENDH D, —FH, A7 U —2HIRNC X 5%
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? :/9.5 %) 7\\ = 7 %_) Iﬁ]*%fcfﬁj\ %% Fig.10 GPC curves of siloxane-containing copolymers.
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Table 2 The feed ratios of the monomers for random and block copolymer preparation, and molecular weights and its distributions of copolymers.

Oligomer (1-1) Oligomer (1-2) Copolymer
Code a-ODPA D_|am|no a-ODPA BAPP
siloxane My Mn Mu/M,
(mmol) (mmol) (mmol) (mmol)
12 20 18 10
Block | 31,100 11,000 2.82
ock copolymer M,=4,290 M,=2,040
Random Copolymer 30 | 20 10 33,900 12,200 2.78

(2) R T v v 7 Pl GRS PI) DY

va Y UG KR Pl O A Table3 1ok & 72, T X LB T oy s
Pl X, My 23/ &V (33,900, 31,100) (IZH B 53, AEWHH O 200 %L E & B 7-H)
MaRLle, 2OZLid, FERTHRORW Y ad Y ra=y NOHEIC L > TH T
DIEHEVRELT TWARER EEZ BN D, Figll Il ILESEROBEHPEEHE (DMA)
@ﬁ%%foﬁ?x%%ﬁﬁ(m)ﬁotﬁﬁ\nuﬁwﬁ@%@$(5)@ﬁ%#m
KT L., FiEATO Bl 500 MPa LA T &+ BVWMECTH - 7=, = 2T, Table 32
BWTHEA TR, BIETOFEEMEREEESHEDEERETH D, £/~
—OIEAMRERF L THLIC PO T, T XLy 7oy 7EAKDO N
23, FMESRIT U4 IR T L, 5T 23 fFIcbm B Lz, 246 O BITIRECRE FPC
i CL Z5%dHd 2 L CIEFICHERMZRERE o7, 7 u vy 7BETEL ZDHEIT
TANLEDENLT 30V —RNREBEBRLTNDZ ENT 4L LAWEH OB 5 oRIE
S, HEENEWS) A~ —FHtE2 7 a0y 7EES L7 VA& 4B IEEEE T
R LI 2 A, -EHBEOMDEEZ 5 2 LK 50 um BEEDERK KA A4 )
MR C& 7=, HICWriE 2 E&RE 7 BMEE-— 1L X — 01 X #7569 48T (SEM-EDX)
T A FEEWELTRER, BHEEETAILT A B S e o778 BAPP .= |,
WS GESGER) 137 A BORBHINTZDO T, vadtra=y hnbHEkd 2 &ENan
ST, ARlIOEERE L, ENA ) 2~v—FR+tE2 7oy 7 LES L L08R
SEMSEE DO BIZE TITH M ThH o 7208, B 5 < Z DR b2 A B E 253 L T
WARREMENEWE B Z O D, ZNHOREENG | HHATZR L T d e 4
oy (GRERASY) MR & miE g mE (A 2R LZEEILND,
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Fig.11 DMA curves of block copolymer and random copolymer.

Table 3 Film properties of block and random copolymer.

Tensile .
. T4 (C) Te N, Elongation 180° peel strength
Cover material (by DMA) (C) modulus %) (kgf/cm)
(GPa)
Block copolymer 1.9 419 0.015 265 2.3
Random copolymer -1.1 435 0.060 210 1.0
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Fig.12 Viscosity as a function of shear rate in block copolymer; (a) block copolymer , (b)block copolymer and thixotropy modifier.
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