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Study of film preparation conditions and properties

for polyimide
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A7H7h WA w9

_>|~1_,
o
1o

-z
M

S A

I
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O-2. 44 Zgolv= gAY

718w StolAl &alEE Eou= FAA A
Abg3T) o] WS oF 180T oA 220C == olA dianhydride
9} diamineS #%E &1 FfoA WSS Al7|E= A S E chain growth
¢} imidizationo] EAlel dojdth. F=E  AEHE &vles
isoquinoline®] $F%¥ nitrobenzene, x-chloronapthalene 1] il
m-cresolo|th. dGA EFoln= FAHHPE 53] ¥kgAdo] e
dianhydride®} diamine?] ®H-gA] T34 olt}t. oE &% phenyl”| 7}
& dianhydrideE T3A] A2k o 2= Ao o] amEA}
ZFo] PAAE WEo d F gloy =& 2% oA diamined mE
S WHAZIE mEAFS] polyimideE 9S & Ark” A
ZolnE FIA] T 2% Fo|A nEA ALEES AEFo] 9]
A mw QA AME packingo] FAE oA Eeloln= FAH
NMET o =2 AARAALES ZA "k olef 22 duA EHeoln=
THHS PAAYAE AX=d 1 e1to] wig &3 imidization¥}

propagation®] EAle] &g

AutA FEPL
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poly(arylene ether sulfone)®l
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Figure M-40A X
o} McGrath 1%
AFE el phenylethynyl

group

al,



groupS A FAIA Zugkg F oF 300 T HE=o FElHe] s
e nRAE FAEATL wa o =9 HoJ Lee 2152 3

T2 AR 2ol BEA7F X3 # poly(ether ketone) oligomer®ll

ethynyl group= A 3A|A 480 CT71A9] =2 dAdAANS 7HA=
BAE gAedvr Baustgh?
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O OO0 HO~0—0

McGrath. et al. Polymer Vol. 41 (2000)
P R-OFORIREO
H. J. Lee. et al. J. Poly. Sci. Part A: Polym.Chem. Vol. 37 (1999)
McGrath. et al. J. Poly. Sci. Part A: Polym.Chem. Vol. 33 (1995)
ﬁ%ﬂé&f@*@é@@ﬁm@%
McGrath. et al. Polymer Vol. 36 NO. 11 (1995)

o o

o o o o o o
_ i 1t : 2 _
N—Ar——N Sar{ N—Ar—N] A N N Al N—Ar—N
¢’ ¢ c c
o LI ) & s
=0 —n

o=
o=

P. M. Hergenrother. et al. Polymer Vol. 38 NO. 18 (1997)

Figure II-3. Various acetylene terminated polymers.
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I-4-1. FPCB% 2%

FPCBel| Al&5H+= 184 2Al= =ZA E7#3e] Pl polyester,
glass epoxy? 3FF7F o, FPCBE PIZE9 A AFEE A
10093 A=2A AFd HGE 30% ol =2 JUFES Holu
itk dwrow A HE PIEER "Kapton o 7%, AWt 54
o] $< it 2ol 2 Young's modulus’} i, i1
laminate Al §go] vom Fxido] & wHo] it o]d HEs|o]
Ube Industries®  Upilex; €52 &2 F+x JfAld  2slo]
Young’'s modulus7t ZA dFEHAow, HAHE 5 54
Aol k. ol FPCBE PI 459 T4+ 25m7F &%
7 epoxyTA 2 FAHE 35 F2E MR Aok 18 a3, FPCBE 2
2o o7 EAL 71¥9 AYUX(pattern width: 200mm, 218 AL
50um) Z reflow=%5 AE F &= WdEdAd SolH, o= PIEE9]

of okl AH§E 5 Qe HF FAF olfel /% FHh

1 BT

rok

I-4-2. TAB® 2%

ik

TAB& 208 AEHE AAE Pl 3% tape, polyester,
glass—epoxy S°| oy, F& PI 3% tapeo] AH&¥ . Upilex
&9 47, modulus7t =L, x| kAol F538E7] wiEol, 57m
FAZA 125me] "Kapton; BFl & 7k glar, wpebr, 714
BAANA et
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IM-4-3. 47w skat

Ligid crystal display(LCD)A&AFoll Al A ExE kA 7)== =
Mo ZAE SiO AP F2 ) rubbing®, FHiEH So] AR EMH,
AA 71 FHo| PI vtes Z¥ 3 £ rubbingste ol A-&3)

Hol givh Wd4 mEAQ Pl wute] 4 wjgutoz AbgHE ol

FE LCD Az A9 ;e FAO Aol A+ Jx WAyl 9
om, F714el Aol Qm, whu Py AFH wE Y 2
917 @#olth, 712l rubbing B AW F A= AAH B

kel gk b8 ol A7) wjiEoltt
{000

Pyralm(Dupont)

(0] o O (0]
O T T
n n
(0] o N o
(0]
PIQ(Hitachi)

o OB O d O Y,

Polyamide(Hitachi)

(0]
o) He

Aliphatic polyimide(JSR)

Figure I -4. Various PI alignment layers for LCD (ref 21).
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A2 AHEEE PL 452 dubd o= ol whg-of

=, diamine¥ dianhydride®=4%8 PAA7} #A|Z%H,
o] uf &A= WhFiE NMP7F ALEHv. Alxd PAAE dolH, g
T2 FH5xEAEd IR EHMW, 200~400TAFe] o] XA 7FE s PI ¥
2ol AzxFL. HEALE A QF EAHoZE= 1) sealing,

packaging, die bonding, wire bonding, soldering S°l AE 4 U=

WdA, 2) deviced] @712 B4 #A3FE oF7] 8= mobile ion &HEke]

rir

-

A7+ (Na<lppm), 3) multi level coverageE 93+ 43 HE =

E

breakdown voltage & 913 Y2 pin hole density, 4) <€ 9]
g fg 73 71AH 258 %) 2 5 SiN, Si0; 52 =

PI= o9 84 EAS UFEE A7 YxHd 1842
A, BERZAC EAY FAS e PIQ (polyimide isoindoloquinazo-
linedione), polyimidesiloxane, photosensitive polyimide %] 7| -

dg3kE o

O-4-5. 49 & T4

o

49 E& E¥olv ==+ Du Pontell Al 7HEE Vespelo] t i
Aoz oy 7HA FAE E9E AFEol o, olefe AY
w2 A7kad Eeloln =(Upjohnel PI 2080), ¥7bd Eejeln=
(Rhone-Poulenc®] Kinel), %o} =o]n=(Amoco2] Torlon) % ©]
Atk AFEAFE EF ol =7F Rohm and Hassol A Kamax @ ©]
FOoR AEstHe 9da, xREd TdrE vhxl ZEEE el

m

Iy
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Ciba-Geigyoll Al PII3NCO 2 AJ2bx 31 9lt}?

O-4-6. 3 2A|
29, HE R At Eelelvsst Eeotr|senEr} v
TEH-EE JAAR AgE 5 Qo oF 3y Feolv =
7é

=
&2l American Cyanamide® FM-347} e
W oy 7HA GRS THAA E7baA EYolnlE HAAE A
o] Du Pont2] NR-150A2G, NR-150B2G, NR-056X So] Alx% %]
o} 283l opn|=oln|= HAAZ= Amocol] AI-1030, AI-11373}

Rhone-Poulenc®] Kerimid 500 S°] 9

0-4-7. B34

Htol] o] ‘ofrt Eglolu=o AFto] QlojA h s o
o2 Ho glow 53 HAANZ @AM FE AFESH EFAY AT
7F &bsle] Skybond, Pyralin® 22 =% 3 PMRY #& H71d
o] Zgolm eyl Wol AlFE I th T EEolu| o=k E x|
o o] &% 7% g}
O0-4-8. & ¥

Monsantoo] /] SkybondE 7|2 o2 3 RI-7271 ¢ & I

—a-
7 e o] glen o] £ES Vhdste] b= LE A= ofF v

=
sxdE g vy g2 54e 7H¥a o aear ICIY
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QX-13, International Harvester®] Solimide G©°] #< HF O =2 A
=3 Q)

I-4-9. A
ZEomE AFE wEs =gk 35| Upjohne] PI 20802
wAWAbete] AfE dden o AR WEAdol stk H el

= Dow Chemicalo| A & Zg ol =42 Axsta Jop>
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>

|83 Al2F2 Mitsubishi Gas Chemical AFe] =% 99% o]/do]H
FE3 o] 50ppm | 9HSl N, N-dimethylacetamide(DMAc), Daicel
Aol A A28 99% o] =9 pyromellitic dianhydride (PMDA)
2831, Wakayama Seika AFe] 99% o] %9 44'-oxydianiline
(ODA)E ® &= AAAA flo] AH&stdn. getrle AF2d¢ds =
A3zl A& AF8%E amineE<$!  3-ethynylaniline, 4-ethynylaniline,
g, olAE#MYIE e oA 4= fls Aed
4-bromophthalic anhydride, bromobenzene, phenyl acetylene, copper
( I )iodide, triphenylphosphine, dichlorobis(triphenylphosphine)pallad-
ium(I )2 AldrichAt¢] Al 9FE, magnesium sulfate, potassium chlor-
ide, sodium sulfate, hexane, tetrahydrofuran, toluene, triethyl ami-
ne, diethylether, hydrochloric acid, ammonium hydroxide< Junsei

2 ShinyoAte] A kS AAIsHA @ AF&s T
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FAE A, A Z 2 e sEY FxEHE 9l
'H-NMR¥ FT-IR& AH&3tdch. 'H-NMR 2#E%S  Bruker
AMX-300MHz spectrometerE Ab&3to] Ao FT-IR ~HEH
2 Bio-Rad Digilab Division FTS-165 FT-IR spectrometerE A&
ko] =Asdtt. 984S TA Instrument 2950 G35 E47]
(Thermogravimetric analyzer: TGA)2} TA Instrument 2950 <& A|=}
24 7] (Differential scanning calorimeter: DSC)E ©o]-&3}o] A4 7]
F 3toll Al 10C/mine] 719 &% =2 S238te] E4 548 24319
45 A9 4L FAF47](KerttAh, Model @ LZ-200C)& ©] &
sto] AF WS AAHC= 103 S8t Hste] FAE AAbst

Olr

= 1= =4S 95ty ¥WE=747](SatoriusAh, Model :
YDK 01)& AFg3te] 25Tl A n-hexane §H4¢ UEE =HH3 &
21(1)& olgsle] 259 HeE SH5S
__WMa) - p(H
WMa)— W)
W(a) : &7 ToAe Alg FA
= 2 (1)

W(f) : &9 FolAe] A5 FA

p(f) @ &9 dx

d A5 EE
a8 a, 25mmTAel ZEo Wd Wide-Angle X-ray diffraction
patterne CuKa radiation (A=1.5405nm)¢] H2r¥  D8-Discover
XRD with GADDS (Bruker)& °]-&3}%] transmission 202 =
Aotgomn HFY AFAE A& 2 BAEE S5 A4 =4S

Instron 8516& A}83e] ASTM D-822¢] F=3te] =A s} ).

_26_



vV-3. & A
V-3-1. A52%S ZE ol FA

4-Phenylethynylphthalic anhydride (4-PEPA) &4 197
3ol A 100 mL 47 S Zet~ =9 4-bromophthalic anhydride 5g
(2.202x10 *mol), phenyl acetylene 2.25¢(2.202x10 “mol), dichlorobis
(triphenylphosphine)palladium(II) % triphenylphosphine = triethyl
amine°] &dA17]aL S5 60CE HTh o] WS &Aoo Cul
Fal kel HA g 255 80T E frAst TLCZ wkg X3
IS &ols odtste] A& AAT F

o] 8WjE A A% diethyl etherol] €347 & 10 wt% HCI
o

N
T

K
gestar. W $4 ¥

r
O
(o]

H

gAog MHS Y. SujE A A & 160T3AA F3A A
3] A1 o] 4-phenylethynylphthalic anhydride 3.66g (5 &: 73%)< <
AT}

IH-NMR (DMSO-dg¢) & 7.4~75 (m, 3H, aromatic), 7.6 (m, 2H,
aromatic), 8.1 (s, 2H, aromatic), 8.2 (s, 1H, aromatic)
EA(%) Ci6HgOs: Anal. Calcd.: C, 77.42; H, 3.25; O, 19.34

Found : C, 77.5; H, 3.11.
FT-IR(cm™): 1774, 1845(anhydride, C—0), 3010(aromatic, C—H),
2209(acetylene, C-H), and 1500(aromatic, C—C)
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Figure IV-1. 'H-NMR spectrum of 4-PEPA (solvent: DMSO-dg).
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Figure IV-2. FT-IR spectrum of 4-PEPA.

_28_



Phenylethynyl aniline (PEA) #d4 #¢17] stellA 100 mL 47
& Z g0 3-ethynylaniline 2.57g (2.202x10 *mol),
bromobenzene 3.457g (2.202X1072m01), dichlorobis(triphenylphos-

[e)

phine) palladium(Il) ¥ triphenylphosphine < triethylamine®l] -& 3

Al71aL W25 60TCE Xt o] W3 &4 CulE ¥ uyh
st s 2r=E 0T=E FAstH TLCZ whs 3= 2lstsl

tohg T2 5 wkE &S odste] dS AT ¥ gt &
iethyl ethero] €3fA7l & 10 wt% HCl =802
L BHE AAT $ 165Cetl A A SFE AAISHaL
g slato g AAAHLS AR S w=AMel 3-phenyl ethynyl
aniline 3.45g (5 %: 81%)= AL
IH-NMR (DMSO-dg) & 52(s, 2H, NHy), 6.5(d, 1H, aromatic), 6.6
(d, 1H, aromatic), 6.7 (s, 1H, aromatic), 6.9~7.0 (t, 1H, aromatic),
7.3 (m, 3H, aromatic), 7.4 (m, 2H, aromatic).
EA(%) Ci14H1iN1: Anal. Caled.: C, 87.01; H, 5.74; N, 7.25

Found : C, 87.19; H, 5.89; N, 7.32.
FT-IR(cm™): 3453, 3365(primary amine, N—H), 3010(aromatic,
C—H), 2200(acetylene, C-H),and 1500(aromatic, C—C)

=
il
2
Y
ol
ol
U T
o
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Figure IV-3. 'H-NMR spectrum of 3-PEA (solvent: DMSO-ds).
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Figure IV-4. FT-IR spectrum of 3-PEA.
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V-3-2. Eg|oH(PAA)ATA 9 4 (PMDA/ODA)

X
)
El

W2t 271 H2E 6L 57 resin kettleo] AAE E 1A
7] 25 A, 14X E FY471E &2t DMAc 4,018mle ¢
i ODA 200.24g(lmole)E Fo 0C= fFAstH 22 g9
PMDA 218.12g(1mole)& %3] HolFEth ojufo] W 2E= 0

A S WhS2 1A o dste] Eolul il HAFAl (polyamic

O

acid precursor) &4 FAA
V-3-3. 452%2 /3 AV E 2 STEAY &4

PAA-3-EA A7) sl 44 T gk~ ODA
0.9mol¥} DMAcE ¥il €3] =<9 F PMDA 1.005mol& F¢
th. Table IV-104 ¢t o] 3-EAY] H7bds WEA7IH Fofgk &
ODAE 3uld st5o] F71 H7bstol amine?®t PMDAY %H]
1:1.0057F 2 5 =% ste] wES& AA PAA-3-EAE 433
'"H-NMR (DMSO-dg) @& 13.04 (OH), 10.64 (NH of amide), 6.74~
8.5 (aromatic H), 4.29 (H of acetylene)

<

Table IV-1. Compositions of crosslinkable moiety (3-ethynyl

aniline)
ODA PMDA 3-EA ODA
ECPAA-1 0.9 1.005 0.06x2 0.04
ECPAA-2 09 1.005 0.04x2 0.06
ECPAA-3 0.9 1.005 0.02x2 0.08
ECPAA-4 09 1.005 0.005%2 0.095
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G e

HC:=C C=CH

Figure IV-5. 'H-NMR spectrum of PAA-3-EA
(solvent: DMSO-dg).
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PAA-4-EA  A2E7] delA 250m, 47 S ZehxIe

5g(0.0229mol)= Fd&ttk. 0T stellA 1AZF BEEAIZL 5 4-EA
0.1068g(9.1144x10 'mol)& ¥ 11 24x17F w¥HAIZl & ODA 0.365g
(1.8229%10 moD)& F7F A7bete] LHFAHE 0317(d/g)e] LEAE
S ek

IH-NMR (DMSO-dg) & 4.29 (s, H, acetylene), 6.7~85 (aromatic
H), 10.61 (NH of amide)

HCC{%”EPAA%—S{%CCH

Figure IV-6. 'H-NMR spectrum of PAA-4-EA
(solvent: DMSO-ds).
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PAA-4-PEPA ZZAE$17] stelAl 47 & Ee2=39 ODA
45574g(0.02276mol) ¥ DMAc 874gS ol 94d &3 ¥ PMDA
45g(0.0206mol)& FYJ3ch 0T skl A 1A12F ¥E3-A121 F 4-PEPA
0.2587g(9.104x10 ‘mol)S ¥ 2443+ m¥kAlzl 5 PMDA 0.3971g
(1.8208x10 “moD& 7} #H7bete] afHH= 09(d/g) = A
2 =339tk 'TH-NMR spectrum ®*= FT-IR spectrum 24723}
Z7]Ql 4-PEPA HF-ito] yWetuAl &g, 1 olfrE HHrlo A
1A T e 4-PEPAVE 92 H&2 &5 0igl7] wZa
s 22 #A9EY g4 2 ATl A S model FES
o] ¥ whgof zaqS 3%

Ol

>~

Z

=

of

<
o,

iy

ﬂllﬂ

r.a

Model Compound synthesis(ODA/4-PEPA)

A2EY7) oA 47 F ZeaAd ODA 0.032g(1.61x10 ‘mol)
I THF 2166g< 9ol €% &3 F 4-PEPA 0.08g(3.22x10 'mol)
= FYste] TLCE ®bg g el v +4 5 &v&
AASHAZ & AFLEANA 150ToNA 12A17F HEste] o]n =3}
2 APA AT doj@ E2AS methylene chloride/n-hexane(2:1)¢]
eluent® silica gel column= ©]-83}o] AA|StaL ethyl acetate/n-
hexane(2:1)ol A AAAsIY] & 70%2] model compound ODA
-4-PEPAE 43ith

'H-NMR (DMSO-dg) & 7.1 (d, 4H, aromatic), 7.3~7.4 (m, 10H,
aromatic), 7.5 (m, 4H, aromatic), 7.85~7.95 (m, 4H, aromatic), 8.1
(s, 2H, aromatic)

FT-IR(cm™): 1380 (imide, C-N-C), 1500(aromatic stretching, C—
C), 1776(symetric stretching in imide, C=0), 2230(acetylene, C-H),
3010(aromatic, C-H)
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Figure IV-7. 'H-NMR spectrum of ODA-4-PEPA
(solvent: DMSO-ds).
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Figure IV-8. FT-IR spectrum of ODA-3-PEA.
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PAA-3-PEA  Hx®9]7] 3dlellAl 100ml 47 & Febs=d
ODA  4.1064g(0.02051mol)® DMAc 869g< Yol 94 &
PMDA 5g(0.029mol)& F9]stct. 0 T3loll Al 1%1& WFE-$ 3-PEA
0.1761g(9.1144x10 'mol)& 2L 24A17F wwk A]71 5 ODA 0.3650g
(1.8229x1o*3m01>-% F7} Hrbste] A= 07(dl/g) =S mEA
Z3rsl9dth. 'TH-NMR spectrum ®*= FT-IR spectrum 24723}
D7) 4-PEAF-Ho] YElUYA] &Ed, 1 olfE wwtrle A
s

Ny

ﬂl\

)

TE2 = 4-PEA7} 369 v Lo vy wiEo JeUE Ayz B
Mgk adA B ATFOIAE model SRS wEO] £ ukge A
& A<l

Model Compound synthesis(PMDA/3-PEA)

122897] stol A 47 o ZEka=0] 3-PEA 0.62g(3.22x10 °mol)
THF 1843gS 9ol ¢4 €3 ¥ PMDA 0.35g(1.61x10 *mol)<&

Yote] TLCE whe X35 s s T4 5 SuiE 7t

ZWA 7] 21 ethyl acetate/n—hexane(1.5:1)o A A AA s =8 88%

°] model compound PMDA-3-PEAE < ¢lt}.

FT-IR(cm™): 1550(bending in amide, NH), 1657(amide, C—O),

N

ON-lm-Lm

1400(stretching vibration in amide, C-N), 1500(aromatic stretching
,C—C), 3400(secondary amine, N-H), 2200(acetylene, C-H)
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Figure IV-9. FT-IR spectrum of PMDA-3-PEA.
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V-4. A5A 9 oju =3}
V-4-1. €4 oju =3} 93 HF9 A=

PMDA® ODAES ©@Adz 3ol 4" PAA A4 SHe=
Figure IV-109] A2} Zo] 5 N2V & E4 on|=gAA PI
2S5 Azx3gPr. 28 M2"Le adjustable applicator(Doctor’s
blade) & ©]-&3to] 7 3%?‘5} A AH/AZAIZ el el 10wt% 9] solid
content?] PAA €95 600me F+HA=E E=¥3 &

2% convection L& o]&dte] AXAZY SRS ¥
e ol A IAIZEESRE 80T7HA] FEAIZl F 1AZE &b FA A7,
convection QA= 1568 &< 150CT7HA] A5A1zl & 1583

A&k 12 AZE 3¢ polyamic-acid/imide ZES ] Fol| A 4t

Applicator
20cm width

K contro
Vac. Oven
PAA Film ’ Strip the film from glass plate ‘
[ e RT —
Temp. Control
[} ® [ ]
=) >
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[ ] [ ]
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Figure IV-10. Preparation of polyimide film (thermal imidization).
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V-4-1. 35t ojm =3l o3 LF9 A=

sSAdE PAA AFA £dO0 = Figure V-119] A3 2o
PAA-catalyst &3 €4S wE & 71=" g9 PAA-PI gel 2 &
= WEal AL dAYAIA AAAA dedEs ALY 25 A
282 adjustable applicator(doctor’s blade)E ©|&3}e] 7] 3}A
A/ A2ANZ el PAA-catalyst&3 £9S 600me] F7A=

o

3 & gRE AF QBT convection LEE o] &3] AFXAH
|

—_—

71 & convection £

Fo AAAA FHBEL

PAA solution Applicator
20cm width
[ ]

JL

) Mixing for 5-30 sec. ‘

RT - 390°C
(| i —
Strip the film from glass plate lemg in frame PI Film

Figure IV-11. Preparation of polyimide film (chemical imidization).
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V.23 ¢ 313

V-1. Eg o184 (PAA) A7A

V-1-1. PAAR A $¢=27 A o0& &z

ODA 1 el g PMDA® FFH S 0992 =Hdsto] A
=A% Azl 05g/dl 9o wEE 30CoA =AH3 inherent
viscosity: 1.3 dl/g9] & Axr7} =AHEon HxZAH o7 PMDA
o F& T/ REEES A A3 1 o 1 =¥ (FEFF)lA

256 di/gd FEE YeERSITE (Figure V-1)

o

Inherent Viscosity
N

0985 099 0995 1 1,005
Molar Ratio of PMDA

Figure V-1. Inherent viscosity of PAA as a function of
molar ratio of PMDA at 30C in DMAc.
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HES- 5] ke o] PMDA7} acidz2 #3l¥d A3} EL-Eo] =4
sH7] wiEel Aom AZHT. olEXow Aulk LA 2]

dianhydride™= diamine°¢] £a¥ A9 L% += &
FA o] Fro s W=t ik w7 S A

AW faE&er =dEE Bl =g XA o] diffusion controlled

Z0] Ho] nA-AA AW FFo] HH, o]F 3] dianhydride’}
EF g8y F A9 stoichiometric balanced] =g3}7] # o
=2 BAFe] PAAVE S8 3 @2 AL = 7)) 8o

R
W 2AE X5 7Hzl PAA &9¢] mEojRitta 4 9l
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V-1-1-2. 98 Ak 24

ODA”} DMAcel &3i¥ & PMDAE T #8(1:1)&E Folst
o] in-line viscometer®= HE¢ W3 E FA sl dole Axo =
dAE 271 A% T ARtel] Wg =AEE s Aol 6LY
WHg-7lel 5L whEHS A WSS Al Ag wdo] dojyp 5
0C7HA wkg-o o] &7} 4
Lo S7HE Holtp 1 ol% ¢vtsk ko] FUHE yEFHHH(Figure
V-2).
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Figure V-2. Viscostiy of PAA as a function of time at 25TC.
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V-1-1-3. A% AN =4}

(Figure V-3).
DA -AA AH=gdo T PAAE TAdte] solution AEjolA B

& u}, PAA precursor polymer® M = #7243 A€ 3 ®
3 A A3 AstEt) ol T2 A2%9 anhydride?] UF-H3} wES-3)

= FEow Qs 7F9H<Ql propagation ©AYlA  monomer-poly
mer H3o] YAFS=T olFstA H7| wolth EAFY A sk
dilute solution®] A, =& &L oAx X FA3] dojrprz # Lo A

BEsE A BAe Assh tha A,

o
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30 L —=—RT (25°C)
——-15 °C

r]inh
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Days

Figure V-3. Effect of concentration on stability of PAA in
DMAc at 25C and -15TC.
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V-2. Zgoju =
V-2-1. €3 o =3}
V-2-1-1. 99 54 =4

Adjustable applicator® coating T7& 43 1P 10wt% 9
PAA £9S Fgldo castingdte] 80Tl A PAA fi
dEAAEN A A3t A AH PI 5= Axg) o
gN gy HFHo g dojx= PI HE9 F7H = thE Figure
-4}t 25ﬂm°] skl PI A& Axst7] fsiAd= PAAEY /
PAAZE / PIEE =1/ 00815 / 0.0427¢ v|=2 F7 W37 A=
of SAHAUTE. 7] PAA &4 FA =4dA HF FAE &7 A
2 F7 Buh 74 (spacing)S A FA =S AL PAA &
A= ol 4o & bar coater® WO Z thinning effect’} U}
EF7] wiEel Aoz s Ec)

Im= 42
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V-2-1-2. Z7F&

Adjustable applicator(Doctor blade)E ©]&3to] 600um FA=E
PAA ATA €94 Falddd 2" 3 2429 sampleo] o o]
LE9 2LEE 1A ek 50T, 60T, 70T, 80C7HA dsA1%1
IAZE &9 FAAA Ax=AZY Az PAA 259 A&
Fe 'H-NMR(300 MHz) &3] S4adom 1 A%E Figure V
-5l YEFH AT

™
ofl
rle

o
>

o

D O
[ 2]

Ll
I —

(o))
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o
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Residual Solvent Content (wt%)
n
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w
o
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w
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Figure V -5. Residual solvent content and drying temperature
of PAA.

50C= 12k Agsh= 4% 7 SvidFol vy Wol feldol ] &
g7F 2 HA gskew 60~80Te 2=xddAe b7 §uldo
57%= MIszstAl dobglgol &RIE . o= 50~60TAA AAA

S AWyl wizelm A FAA steel belt =& drum 919 12 2%
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oF o] F-EwiEFel 60% oWt =™
i

15 Felg 23u ol AATHeIA 7}

7hste] QA E=(TS)7F S7Fst= o= yeyton w4 & (TM)>
Zhae] ogk g3 = FHF o] brittlest Al HE=E i Haste A4S
13
150- & =
S 1] e T
(VPa) 120/ ': o * (VPS) 1ogo1
1104 2 5001
100 0
20 | 20 | 30 | a0 20 || @0 | 30
20 || % | a0
S| 21| 13| 13| 46 mBogton| 4 | 2 | 47 | @ (7 22w | 2100 | 18 | 1900

Figure V-6. Variation of mechanical porperties after thermal

treatment.

V-2-1-4. 9AH dA2 e st I3 €4 AT
12 Al z¥ PAA film= 150ColA AHgst= 43 (KR2)¢ frame

of 2Aste] 370C7HA w438 52 ste A-(KRDO thste] AF
S % AF} Table V-1 vERd vhel o] 2uAle] 2H Fd
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film(KR2)9] =7d°] 4 eyt o= 719 £%7F wE 45 %
W] wo] Wz AAFE wH FHEZA 2F> DMAc ¥ imidization
A Fol AAFEE= H09 vaporZt w7 micro void7F A A
EAS "HojrmEls sloR FAH

Table V-1. Effect of mechanical properties on thermal

treatment conditions (thermal imidization).

KR1 KR?2

Tensile Strength (MPa) 134 146
Elongation (%) 32 49
Tensile Modulus (GPa) 2.2 19

wd 2o I3 A%S DSC ¥ TGAE A9 E Ay Figure V-7

N Ao A BE 150TCelA 102 A=d A5 45(A)
S=A 100TC ol ol A FEl AMA3] oln=dtrt dojuyr] A &g
Hol F3 glom 150TCHdA 102 H#g HA) Hrh 307 As
PAA ZEMBeA= on=sr ddgHe] we yeds 4
peak(120~250C)e] A7]7F F4askal lt} o] 150TeAM = ofr| =
st AL AP deS vty 250C= 10+ A (O)F 4%
M =37 A bddAd daes 9T F AA =3 TGA
A Adx DSC +4 Aol dAstH Figure V-89 (B)E 4
B 250CoA 1087 7Fd3k PI HE9+= o4 ring close’} ¢t
AEo] Fob 250T o] el A olm=sto] mE T Hart yehd
o} 350Col A 103 A& g (O 370TCA A 1023+ AHg A
(D)e] zteol= TGA Zdolld= 8ol A sk

o
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Figure V-7. DSC curves for thermally treated PAA film
(10'C/min, under Ny).
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Figure V-8. TGA curves for thermally treated PAA film
(10C/min, under N3).
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A2k ®slel] 93k olm =3l S FT-IR spectroscopy &
st EAEAT. oln=stEe] 4HES PAASH PIAE|ol A W4
3} 7F WFAlR] 9k 1500cm Mol A Y EFUE C-C stretching band
m =35} 7AEAl oF 1380cm ‘ol A e C-N-C band®] 4]
WA wlo] o] 2] (2)9F o] o|u =g E(DDE AbEsHATET 7]
sampleZ+ & A A 7M1 =& ojn|=gte] WS Hol= I
= /I o® 3tk 1 A3 Figure V-9¢ o] ojn=3}o] 113
o] 543 F7Fstx= 150C F-ZolA 70% 7o olw =37t X3+
= i—.]’?l% T e 300T o]l A x 985% A 99.9%71= A3l

ko] Mgs AT 5 AAG ol olm =3t
A Z4 s FA "ok =3 FT-IR= oln=3¢ X
gol| we x4 WstE T EE 1776em ol A <)
symmetric C=0 stretching band’} =% 7o wel A¥3sA e
U3, amide® 1500cm ‘el A19] N-H bending peaks &E’g%5o] <
& A3l oa) Arebxivh @], 1380em ‘el Al C-N-C imide band
7} A3 A YEldo(Figure V-10).
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Temperature( °C)

Figure V -9. Imidization of PAA at various temperature.

R 1 R 1 R 1 R 1 R
3000 2750 2500 2250 2000 1750 1500 1250 1000 750

1776 cm! : symetric C=0O stretching in imide
1550 cm' : N—-H bending in amide

1500 cm™! : C—C aromatic stretching

1400 cm! : C—-N stretching vibration in amide
1380 cm! : C-N—C imide band

Figure V-10. FT-IR spectra of PAA-PI of thermally staged
film for PAA-PlIs.
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V-2-1-5. A 8A 7to] W39 annealing® 4%

Aot EE 3B50CE st o] 2= FAAFS 156 (A), 30+

B), 602 (C) o2 3o} A7+e] H3le] W2 AFPE A& BHES
73kl Figure V-119 (A), (B), (O% UrE}LH‘}iL, 350°C A 60
2 A3A 7 HES Aeom WZAZl & thA] 390Co A 1587

S JtelE A#E Figure V-119 (D) Yebdder. A3k gto
2 TE JAA 240 FFEHE 2AE BHY=dH o=
gl Alzboll W oln=3}e] ZFrle 7]cld Aow AlgEo] At}
=

T D)sh 2ol WA A e ALE AL A AFAE

=2  AA

—_

te

, AlE

Ho| A 73 7[Ad E4E YeEhl=d o] annealingel] <

a2 FAdt* (TS = 166 MPa, E = 59%, TM = 2.0 GPa)

() i
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% 30 LA (MPa)
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Figure V -11. Effect of curing and annealing.
(350CY AZ2EAA FAAZZ 158(A), 30%2(B), 60&(C),
(C)stageE A F 390CA 158 annealing(D))
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A

A

o 2 1584

= 7%

Eo]:

oA E& casting W

0
o

gl Fhol

Aol ol g e

A

o]—‘;—

1 TH(Table V-2).

= A3 Figure V-120] EF Hpe} 2+

745 3.0~3.5° A4

3]

152 9ke Plo] v

A
h

A

Pl 2359

Intensity 7} O% F7}5 &=

T
<
g/

hs

)

el
op

Table V-2. Effect of mechanical properties on stretching

at 25C.

Elongation
(%)

103
69

Tensile Strength

(MPa)

140
163

Density
(g/cm®)

1.375
1.416

In the moving
direction (MD)

Stretch ratio

No stretching

1.58
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Stretched PI

Intensity

349 Non-stretched PI

2-Theta

Figure V-12 . X-Ray diffraction of various polyimide film.

V-2-2. 8t8t4 olu =3}

3}stA g4 Zu¢l pyridine =3+ [i-picolineS acetic anhydride
(AcxO)e} &83te] o] & o] &3Fo] chemical imidization ol 2] 3l
filme AlZzsh= WHS AFsEA T Aplicatorg ©]-83Fo] PAA A+
A& casting 3 ¥ clean ovenol Al 60C= 7F43ste] PAA filme A

%3t % pyridine/AccO H+= [i-picoline/AccO §o] 3-4% H1+
Wyl PAA ATAE AFH  pyridine/AccO (CA-PI) ==

—picoline/Ac;O(CB-PI) & ol &3}3}o] castingst= ®WHE AA|S)
At} Figure VI-1191A4 ¢} 2 FHA ®wyo] HEA %o ¢ &o]s}
of & AddAes £F &45 v F FES casting o] 33

ol =3tE WA FHt}. Chemical imidization®] 2J3f4] PI film<S A

SN

%3t 4% polyimide chains9] orientation®] © #&HE Ao
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X-ray diffraction 24 A3 YESHFigure V-13). T3 7] A%
54 =4 A3 f-picoline/AcO &S AFE3F 4 9-(CB-PI) TS7}

207MPadl o2+ & E2 7IA4 E4& YEerWH(Table V-3).

Intensity

0 10 20 30 40 50

Figure V-13. Variation of crystallinity on imidization

methods at X-Ray diffraction.

Table V-3. Mechanical properties of polyimide film with

various imidization methods.

TGA
Sample Tensile Elongation Tensile Density | Decomposition Temperature
Code Strength (%) Modulus (g/cm®) (in Ny)
(MPa) ° (GPa) | © 2
5wt% loss R.W.(%)
CA-PI 144 21 2,540 1.416 557 52
CB-PI 207 63 2,430 1.429 572 54
Non-catalyst| g0 59 2040 | 1365 575 51
(thermal)
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V-2-3. 529 2ar|E 2= F8¢4

V-2-3-1. T&A 9 33t

AEAY ddvlE 2e THAY Agxns gelst] 95t
2o W& Fx WEE FT-IR spectrume o] &3t #2314
47 7F 3-ethynyl aniline] a1 Fe=A7F PMDA, ODASI %9
THAE FAdste] Figure VI-10% Zo] &5 HE®WI F on=E
A3YA| A Figure V-14 3 o] &x®3lo] wE FT-IR spectrum’y

oAe] FERWIE Blu, FA AT
FT-IR spectrum’d<] 3308cm ‘oA o} & ele] C-H stretching band
7 vehd S g & ¢ AL, 2%=7F 300Ce o]2W A o] band
7F Al AbeRA = E g s o] 2EA opAEEl Fhal

T

=
go] BE o] FoHes U & 9

fl

posk
[o
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NH,

(0] O
1o+ ST
C=CH
(0] ¢}

ODA PMDA 3-Ethynylaniline

350°C

DMAc 280°C
Q {PAA} Q Pl Cross-linked PI

wetchmg band

™

Intensity

T
3000

T T T T T
3400 3300 3200 3100
Wavenumber(cm'l)

Figure V-14. FT-IR spectrum of PAA with 3-ethynyl

aniline on heat treatment.

- 5‘3 -



V-2-3-2. D54

ol =dld w FHA

amineE< Table VI-1 ¥} #Zo] 0.005~0.1
ODA¢} A J=u|E 93 PMDASF 1:11=%
sk A3 3-EA 0.04(x2)3 = o] &

&9 A]

L3l S7hske A%
Aety s 232 Bk 22lv 3-EA 0.02(x2)9d 2

S w98t A3 PIQl ECPAA-3E &Aoo Z7tets 3 4
= HAHTable V-4).
Table V -4. Mechanical properties of polyimide film with
3-ethynyl aniline.
Tensile Tensile Elongation Folding
strength(MPa) | Modulus(GPa) (%) endurance
PI 103 2.8 33 -
ECPAA-1
Cured PI 104 2.7 20 -
PI 66 2.8 5 -
ECPAA-2
Cured PI 97 2.3 9 -
PI 102 2.7 18 9,300
ECPAA-3
Cured PI 142 2.3 58 316,400
PI 128 2.6 683 41,100
ECPAA-4
Cured PI 150 2.3 77 129,200
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Table V -5. Mechanical properties of polyimide film with

various crosslinkable moieties.

Tensile Tensile Elongation Folding
strength(MPa) | Modulus(GPa) (%) endurance

BCPAA_3 | I 102 27 18 9,300
(3-EA) | cured PI 142 2.3 58 316,400
(4-EA) | cured PI 138 23 76 43,200
ECPAA PI 104 2.2 19 12,000
(4-PEPA) | 0 ired PI 132 19 A1 13,200
ECPAA PI 98 23 15 170,000
(3-PEA) | Cyred PI 119 2.1 33 190,000
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i g
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ZF o 1087 5 4% dduks-3 kA JEe] Ago] o] F
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O% A7E 2oo]F ghnkdk Hol FUFE ek dTAe A%
3L A BHIAA A A E bR vhEo] A E R
671 st Baetode H=o A7 wuleglth. PAAXAFAIE &
ol =3tAlA  EHFoln= HES  AFE  JQoJA]  adjustable
applicator® coating*] I3 10wt% PAAEHAS 25ﬂm°] 39 PIZ
Fo2 Axs7] HsiAE PAASN/PAAZE/PIZE = 1/0.815
/0.04279] Ml &

2

o
0%l el FF-gul7t gl PAALES A
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ABSTRACT

Jun Sang Park
Department of Polymer Science & Engineering
Graduate School

Hannam University

In microeletronic industry polyimide film has gained significant
importance due to their high temperature properties, low dielectric
constants, and desirable mechanical properties. In this study, the
effect on the improvement of mechanical properties of polyimide
film were 1nvestigated with the wvariation of film formation
conditions such as curing temperature, curing time, annealing,
stretching ratio, and chemical imidization method. Besides, we
introduced crosslinkable moieties for favorable processability and
good thermomechanical properties. We synthesized polyimide
precursor based on pyromellitic  dianhydride(PMDA) and
44" -oxydianiline(ODA). The morphology of the prepared polyimide
film were analyzed using X-ray diffraction. Thermo-mechanical
properties was evaluated by DSC, TGA, UTM, etc. The polyimide
film which was carried out two step curing at 150C and 350TC
showed higher tensile strength. The stretching of polyamic acid

film also affected improved mechanical properties due to the
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increased orientation of polyimide chains. The annealing process
was also necessary in order to release the residual stress and
enhance the mechanical properties. Chemical imidization method
induced the best tensile strength and introduction of 3-ethynyl

aniline with end—capper promoted good folding endurance.
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