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A Study on the Fabrication and Electrical Characteristics of Polyimide
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Abstract - Polyimide-epoxysilane (coupling fiber, ceramic coating 5ol &1 ¢t}
agent) composites were reacted with oligomeric Sol-gel ZAAA 7}E 83 ¥2& TEOS
PDMS, a condensation product of difunctional (tetraethyl orthosilicate)®] 4F E= 271 Foujol
silane, by a sol-gel process and were then o3t JhgEs whgeE (1) YeERI
dried into films. And then, the surface,
mechanical, and electric properties were Si(OCzHs)4+2H20 — Si02+4C:HsOH o8
measured. The study showed that PDMS
existed in the polyimide matrix by the use of Polyimidex= Z|A& &4, €3 ¢AA,
FT-IR. In the mechanical properties, the 2, WEd, #3& A5 5ol F8AHe
maximum elongation and toughness was circuit-printing  films¥  semiconductor  coating
increased in the polyimide with silane-groups. materials2 AF&-EE  micro-electron 4t
But the maximum tensile strength was slightly M FEHAA SE&H0 T3]l & dFdAe
decreased. And the intensive dispersion of the 71&9] sol-gel FHE §839 AL AH3es BF
silane-groups on the surface of polyimide was toughness7} #/4®  polyimideE AR3}A.

ascertained through XPS measurement. In the

electric properties, AC break down voltage was £ AMEste IEA (polyimide) matrixgol
increased by increasing the amount of 5242 polydimethysiloxane [PDMS]&  nano-
difunctional silane. This experiment showed particle= “’b—“‘_}‘\—w\]ﬁ polyimidei‘f]‘ Tughe&ing
that PDMS added polyimide had better € S7HA7IE Hol F=Hogt & & gled,
mechanical and electric properties than classical °ol= so{—gel THE ‘cerarmc°ﬂ A 2F 2ot
materials Aol FEFE 91”]3}“1, IEASY 2L
' toughening “WHolal & & AATh o9 L&
sol-gel 322 AZH {F7-F7] 4 EFA)
LA ZE 2t F 23 EF A7) A94e $4%ez 3
F A9A8E gol o]§8 F UE Roz A7
Sol-gel ¥A[1-6]2 dAAX /71845 3}F 2=
& 7t AA Az ey E3E 9 E
of W ¥ Aito] shssith wREES AL 2. A H
AA7E BEAE sole THER, FHHAHAA o]
Ago] A gelol  F, wlA L& ceramic 2.1. Polyimide-coupling agent®] &Ad
°f Bdt o Wiol 71€S AT FopdlA 500 mile} 4tz Z@2z=o] polyimide 20g
t‘%ol AHEEOl 2 EU-E9E S5 B ¥ k' 1,4-diazabicyclo[2.2.2]octane$ g
ToA A FFo EF s FERAFA (02g) H7}8 & 60 T2 vacuum ovenol Al
lf&/\]?‘ T U AAES Y 1 exy dEvt 24 A1t <t HEZAIZY. &0l anhydrous
2 FAHEE N2 WHorIE T 53 DMAc 200 mlE& Z&2=d] Wi, 50 ColA
g3t FdgA FEAH, 2 geldt 54 X 4 Ak B¢ polyimideE Fx JIFIAAM &
gel?] & &4 & ol8FoEM E FH A F, AoA WA g, 3-glycidoxy-
34 wudty oY FFY ceramic Afiller, propyltrimethoxysilane-& H7Hok Polyimide-
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2854 silane”] ¢l dimethyldiethoxysilane



epoxysilane HHEEo] Eojgr ZgAIE 5
0~60 CollA 39 T myrstaA wgA)Z )

2.2. Imide-silane2] £4 film M=

Polyimide-epoxysilane ®F&-Eo] Mg o
9] diethoxydimethylsilaneS H7}3 & 714
T HFNEE ATV Yl DMAco] &3
Zl diethylamine®} && AAtd 4vE H7 3
o 283, ¥&E FJAI7] Y98 tin(I)
2-ethylhexanoate® 4% A7t o] EFE
o] g4 U= viel & 60 C ¢ shaking
water batholA 12 AJZF ¢ FAFH F,
Teflon moldo] ¥ 1, 8 T ¢ vacuum
drying ovenollA 24 A|Zt Fek A=RIH
imide-silane®] &4 film& A %Xt}

23 Sgt=9 E4d1 Alg 717]

(1) FT-IR Bruker IFS-66 & ©]&3}
384 A4S dtged, 2L A AEE ¢
2 BEoE AxHA AL AT

(2) UTM  LloydA}9] Universal Testing
Machine & AME3td 71413 B4 =4S Y
ZA&EE 5 mmy/min, Gauge lengthe 25
mm, AH2$E 40x5x0.2 mm 2 &4

(3) XPS [ESCA] H® 2EAL a4

VG  Microtech ESCA-2000 & A}&3ld
wide scanning® FAEE  EA  (depth

profiling)S AT, FAEX EAM  (depth
profiling)2 ¥ 1A A|gEWH ANYx7}
2 B84 JIAZHY AN Fole (Ar)E
FEAZLOZN A5 BHE BEF £ AY o}
WAaA 3 A7IRe] ZHold wE A Wil
38t AdHE 4% F Ao B dFdAe
wide scanningg€ 53 929 AXNEXMI ion
sputtering time°] W& JTHAAY HDAa
H3lE 53 Aoy JF E£AS A
(DA713 5 FA 38R A5y Fdd
AlE FE3t AFS AAdla, S AFH AR
Edol AEAI} F, AA Az AIAA 2F

A A7kt A s B4 2ASA

Scheme 1.2 polyimde®} epoxysilane 37+€]
29 Jeld  Aolth. EpoxyZ)¥ polyimide
ol Q& alcohol, amine, acid, amide %3}
Wk2-3t}  tertiary amineo] ZwjE AMEEEH),
o 7| M triethylene diamine®] A& % it}

Fig. 1. 9 (a)¥ polyimide-epoxysilane
composite AHAH FI|ELY FZE YePd A
d], silane”]7} 7twA 9EE 33 polyimide
7} grafting® FT2E 33 on, 2o v
Bk2alcohol ©)Yt alkoxy 717 &A%t (b)E
polyimide—epoxysilane composite®]] DEDMS
9] Z3E9Q oligomeric PDMSE #7133 #A$

& YeEid Aotk (b)e ()9 Fxo PDMS
7F & gk Add F9, §Fv AFT AE
gy AEEA e 37HA A7 FE23

PosSattat I
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Scheme 1. Synthesis of polyimide with
epoxysilane coupling agent
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b) Pl-epoxysilane composit
with PDMS

a) Pl-epoxysilane
composite
Fig. 1. The condensed product polyimide-
epoxysilane
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Fig. 2. FT-IR spectra of polyimide-
epoxysilane(30 mol%) composite with various
PDMS contents @ A (0wt%), B (20wt%), C
(40wt%)

Fig. 2.+ difunctional silane® =& Al#
YHE  oligomeric PDMSe 3#& 3o o2
IR spectra®l W3S Yehd ALH, ZHze
spectrume %3] epoxyZl2t polyimided] Hb
$o] & dojwtZ I difunctional silane2 %
FEo] 2AFS ¢ F AYHh Si-0-Si A=A
F peek’} C-O-C 21%AF peekst #o] LtE}
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U oo PDMS & F7ol wal §4 peek
7} AREd, olAL PDMS ¥z Z7hd) 9%
Si-0-Si g&#Fo] F7A 7] wW&Eo|th
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Fig. 3. Strain-stress curves for polyimide-
epoxysilane(30 mol%) composites with various
PDMS contents: ()0, (4&)10, (0)20, (0)30,
()40 wt%

Fig. 3 < 30 mol%®% epoxysilane® ¥h&-3H
polyimide®]] diethoxy—-dimethylsilane  (difunctional
silane)d] &% AWAEQ oligomeric PDMS ol
tjoFgt W3E  F  stress-strain  curveo|th
PDMSE Z3¥4 F7F A#HE W AHId=
maximum tensile strength7} Z&% Z7}sigr}
AZde AAM3] Z4AEgSs ¢ 5 AU

Maximum elongation3} toughness= PDMS
o] o] F7igol wel v FoZ FIEIA
o 23y 40 wt%E F7HES de e 7
27 Versted], ©o] coupling agent®] ¥kl
Hls] UE #=3d PDMS7F #7ksEo] polyimide
o} Az AFsA Xdtn gL FY A £t
dolyt7] WEoE Ay

3.3. X-ray Photoelectron Spectroscopy(XPS)
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Fig. 4. The spectra of XPS for
polyimide-epoxysilane (5 mol%) composite
with 10 wt2%-PDMS content

Fig. 45 0% Si¢l sputtering timeo| thgh

% atomics UYEIH RAJH, F dLe ALY
Z7to) w2t FY 7ZA2"EE Yelld. Siloxane
S /3 polyimided AF, & UFA874 U

AL MR, 345739 £ HFA A&
ok ozl ZHAS Al siloxane 9 4hsle]
o3 MAE  organosilicate(A )7 WEE
H3slFs Rz dediied, ol ¥ 49749
Aol YRFE Aoz FTHAEo o
siloxane®] EHOoE XMZEFFHo] 99 o] FL&
FH AES MW Aoz A9y & 4 Ut

d

34. MOI1H EM =H

Table. 1 € 30 mol%2] epoxysilaned 4t
23l polyimideo] difunctional silaned] %
I 22 oligomeric PDMS 3§kl thFdh w3}
g Fo 3F Iy HYE EFAFT Roh
PDMSe] #Fo] J/HE42 ufF I HSE &
o] Z7}8¥ A, 30 wt% 2 PDMS7} H7td Al
g2 FHugkg Jeded, ol Ar] FAA
o] & PDMS9 #Fo] BoldA HA 33 5
AL U8y A 9E7] WELZE Alsdh

D

Table 1. The measurement of AC break down
voltage for polyimide- epoxysilane (30 mol%)

composites with various PDMS contents

oH & et FN oto 8

(KV) (mm) (KV/mm)
PI30-00 13.60 0.33 4121
PI30-10 13.50 0.30 45 00
PI30-20 9.20 0.12 73.67
PI30-30 9.70 0.12 80.83

4.8 =

Polyimide®} epoxysilane(coupling agent)S Wt
L AA silane”]E 71 polyimide® A,
difunctional silaneS F¥AIA T oligomeric
PDMSste] B@AFE wEUTH FT-IRE °l&
Hkg-o] & APEHY-SS FAATE Coupling agent
9] A7}2 3] polyimidex difunctional silane
S 23} AAA UE oligomeric PDMS2He] AF

S Z7HNZ F U FAFY epoxysilanes
713t polyimidedl oligomeric PDMSE 3571171
™ maximum tensile strengthe ©& 743y
maximum elongation & toughnesst ZA F7}
Hct XPS A#E B9 Si-0717F ¥4 JF
Hog EREIHol Aed olRE LY
silicone®] H7l2 WA AAE JdHYA vE F
ASS onata, Az HH B4 5o &
ga3s o8 71x AR (FA, AFA, dee

A, yatgd 5)& 713 EdE BHE F s E
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oujgitt H7H AHAA2 ufF B3 AYE &H
e, PDMS #7t%o] wet oo Aol &
o] Z7tste AT HYPew, 30 wt% PDMS
A7te) A% nF 3 Aol 81 KV/mmE o
gt 2 Ay AMEE AEELS silaned
3o o8 4L Az AeZ 7]E9 imide
slo) olg me At EAHEL HE T 5 A
v 37139 o)zt AZEHY,  of&Y
polyimided] €42 %<& toughness®& NFEE F
Ae 22 Yol

2 97E 24U 3gdTd 97 e
o] myA AL 2147 ZEE ] ATNLAY

QA AAN 2AESEIEATALEY AT A
Qo] s FAHYLH, ol FA=FUL

(& 2 & 8
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