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ZE : Tlexible copper clad laminate (FCCL) 282 93 Zeloin|= BE 43-71A14 A & 4,
4’3%A PMDA/BTDA Z18]1 PDA/ODA ©#A|Z7E Eejolalibs AT, o) a5 oz 94 ov=
3 THE Tl 498A Exlov= WEL AZsINY 438A Eejolw= BE2] CTE & 100~200 € H
1914 PDAS] 8ol we} 72l 3, <1 Alest 9% 4EE 36% 183 59% 22 71T 18 44
BA Zejoju)= FEE A3 35 7N 7199 peel test A= 1.8 kgf/em o149 T2 2 g B3
olst T ANEZHE 44%A Zloin|s BEL uAe FCCLS 18 71 BEC= AE¥ 4 gtk
Abstract : To enhance the thermo—mechanical properties of polyimide films which have potential
application for the FCCL, we have synthesized the poly(amic acid)s composed of 4-components
PMDA/BTDA and PDA/ODA as monomer system, and then they were effectively converted into 4—
component polyimide films by thermal imidization process. It has been found that CTE values in the
range of 100~200 T dcreased with the amount of PDA, which also caused 36% and 59% increases in
tensile modulus and strength respectively. And also, peel test results on 3—layered copper clad
laminate using 4—component polyimide films showed excellent adhesion strength above 1.8 kgf/cm. On
the basis of obtained results it can be concluded that 4—component polyimide films may be applied for
the high performance FCCL base films.
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oul= BE) AR WIS ol TLEI WIS tloky) B
2 77} 235 ASL 1 2AE Waleh 448A Flol
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dhslol golusich, et AET 4987 Eeoln= AEL ol
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MR Zgjoldaks: Fgsh7] At Waks o|f g dEAEe
&% 99% oV pyromellitic dianhydride (©}5}F PMDA) $} 3,3,
4,4'-benzophenonetetracarboxylic dianhydride (°15F BTDA) &
Daicel Chemical Ind. Lid. 258 T4} AIg318ick. BIDAE
acetic anhydride® 233 ¥ 4—methyl—2—pentanone > 2
ozl A3 140 Cof) AT B3 AT 71x8te] AMGEIGITT
HHEE: Tlolw) © 2 A3} p—phenylenediamine (©]3F PDA) =
DupontAFEHE] 1905te] A3l o 4,4 —oxydianiline (018}
ODA)¥+ Wakayama Seika AF23E] 7915107 ethanolZ #1E%
3 F 60 TollA 4ARE B1F Az8te] AlMgseith SollE= Mit—
subishi Gas ChemicalAle] &% 99% o), 28%°] 50 ppm
o9k dimethyl formamide (DMF) & AME-3t5ich,

4857 Z2|of2lAk HIZ= DMF 255 gofl ODA 10.617 g(5.302
X102 mol) 7 PDA 5.734 g(5.302X 107 mol) & o] &4 7]
Z3lollA vker|E 24 CE X8k, PMDA 11.565 g(5.302 %
10"%mol) 9} BTDA 17.085 g(5.302x 107" mo) & FAloll £
3lod 6AIZF B<F 500 rpm .2 wHIElY, En]7t PMDA/BTDA/
PDA/ODA=5/5/5/50]1, 18 %-c] 15 wt%Q) ok &
i) thekst 2449 Zejohaks Azslr] Yal 4 dA
9] En]Z W3lAA Table 18] 402 Zgjolal ke | Zs5it).

Z}zke] ) dslel] wegh Azgt Felopate] IS (nhe—
rent viscosity) ¥ capillary %A (Ubbelode) & ¢35k 30 C
o] ZA3te] Table 29 YERSITH

Zelo|n|E EEe| MZ. T 1Y 15 wte] Egoalit
LS A A=) (Film Applicator) ¢+ Doctor's blade®: ©]-4-3}
o] gal= FAR Asiginh AL AR EE &g o F
o4 60 T, 1217k 120 CollA 1217 250 TellM 1A17Y, 400 C

Table 1. Molar Ratios of Polyamic Acid Solution Composed of 4-
Component Monomers

Code Molar ratio of monomer
PMDA BTDA PDA ODA

5 5 5 5

3 7 5 5

7 3 5 5

Series 5 5 3 7
K-EN 3 7 3 7
7 3 3 7

5 5 7 3

3 7 7 3

7 3 7 3

Table 2. Inherent Viscosities of 4-Component Poly(amic acid)
Solutions

Sample codes Inherent viscosity (dL/g)

K—-EN 3737 077
K-EN 3755 0.68
K-EN 3773 0.78
K—-EN 5537 0.69
K—-EN 5555 0.91
K-EN 5573 0.85
K—-EN 7337 1.07
K—EN 7355 0.85
K-EN 7373 1.26

*Solvent; DMF, temperature; 30 C, concentration: 0.5 g/dL.
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Scheme 1. Schematic diagram of curling test method.
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Figure 1. FT—IR spectra of 4—component PI films according to
change of PMDA/BTDA molar ratio.
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Figure 2. FT—IR spectra of 4—component PI films according to
change of PDA/ODA molar ratio.
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Table 3. Mechanical Properties of 4-Component PI Films According
to PMDA/BTDA/PDA/ODA Contents

Tensile modulus Tensile strength Elongation
Sample codes

(kge/cm®?) (kg¢/em®) (%)
Kapton—100 HN 25500 2300 72
K—EN 3737 28100 1400 24
K-EN 3755 24200 1600 20
K—-EN 3773 34100 1900 19
K—-EN 5537 30100 1430 17
K—EN 5555 31300 1800 26
K—-EN 5573 38400 1680 11
K—-EN 7337 30500 1460 13
K~-EN 7355 32700 1420 10
K—-EN 7373 35500 1700 15

Figure 3. Tensile modulus of 4—component P1 films.
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Figure 4. Tensile strength of 4—component PI films.
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FigureS. Elongation of 4 —-component P1 films.

s Azt AJ2u)el me) 1400~1900 kef /em™7H] W 3kstA
o=, PMDASI BTDA2 d#ule] wh& AFAE ghe] wgn
th= PDAS} ODAS] Adiw]e s Ag2we] ghel Ayt
A VERsT). PDAS] AAR817E & AlES) A ARl #
o] A Ik BEE EltHFigure 4). BTDAE 4 7%
Yell EA)sk= FHEAZIZ 8 B ES 4ar7]H, ODAE
TE el BAsks H 22 2ls e Qe A
e Rz Ak ¢ gk o)g) iz Wy} BeEent
ZA3= PMDAS WEHoz FAEZ PDAY ko] &

7¥e 73, Figure 50 Wehd 23} o] A&o] Iashe AAE
Bi2pulsy

AMEH Zeo|n|= BB 9N £ 2M. A7) AdEnld w
2} AZT AEA Feloln|= g g7 B dolr] 9
3tod thg o] dEE B4 sl (Figure 6), A&7 5 wt%
BolEE 255 Table 4] YeRIRITE 5 wt% ] A&7} w305
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Figure 6. TGA thermograms of 4—component PI films.

Table 4. Degradation Temperatures of PI Films for 5% Weight
Loss in Nitrogen According to PMDA/BTDA/PDA/ODA Contents

Temperature for 5% weight

Sample codes .. .
P loss in nitrogen (T)

K—-EN 3737 538
K-EN 3755 545
K-EN 3773 543
K—EN 5537 545
K-EN 5555 554
K—EN 5573 551
K—-EN 7337 542
K-EN 7355 561
K-EN 7373 562

o
&

& ¢ ¢
Temperaturepc)

oS
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Figure 7. Degradation temperatures for 5% weight loss in
nitrogen of PI films according to PMDA/BTDA/PDA/ODA

contents.
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200~300 C)E 73}, Table 5ofl YeRAh £33, a4 3=
71 AzFA ALEE LETA oAl 200 T T

Polymer (Korea), Vol. 31, No. 2, 2007



134 AEH - 47 - A8H - A5 479 - 95D

Table 5. CTE of 4-Component Polyimide Films

CTE (ppm/C)
Sample codes 0~100  100~200  200~300
Kapton—100 HN 18 31 48
K-EN 3737 31 49 58
K—EN 3755 20 47 62
K~EN 3773 19 15 33
K—EN 5537 23 51 62
K—EN 5555 32 52 69
K-EN 5573 12 38 54
K—EN 7337 32 54 66
K~EN 7355 21 49 68
K~EN 7373 14 41 46

Figure 8. CTE for 4—component films in thermal range from
room temperature to 200 C.

Table 6. Peel Strength of 4-Component Polyimide Film and
Copper Foil 3-Layered FCCL

Sample codes Peel strength (kgf/cm)

K—-EN 3737 1.9
K-EN 3755 1.6
K-EN 3773 2.0
K-EN 5537 1.8
K-EN 5555 1.3
K—-EN 5573 1.8
K-EN 7337 1.8
K—-EN 7355 1.0
K-EN 7373 2.0

* Kapton—EN 1.7 kgf /cm.

7kl €] skt FastaE oo Uit CTE k& 731 Figure 8
of) vehf itk

448A Z2olnlE HES 012010 M=l 3% QUM 3|2
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< 35 pm g FEbel|, olmEA HaA EP-2918 AMgsle] A
ZAA Az 35 FAA 3R VHY 4484 Ejolnt PE
7} Fukake] A28 90° Peel testE Ealo] SR8, 1 3
& Table 69 YERNSITE Kapton?] F4ta} Zxeo) 1.7 kef /em
£ viebd b, 448A) 9] Bu)E 248lo] 423 Zeoln

E8H, #3138 A2z, 20074

Table 7. Thermal Properties of 4-Component PI/Cu FCCL
(a) Curl of 4—Component P1/Cu FCCL

Sample codes Curl (mm) Estimation
K-EN 3737 1.8 A
K—EN 3755 0.3 O
K—EN 3773 0.3 O
K—-EN 5537 1.3 A
K—EN 5555 1.1 A
K—EN 5573 1.0 A
K-EN 7337 1.0 N
K—EN 7355 0.2 @)
K—-EN 7373 0.1 O

O:<1mm, A:1~3mm,>X :3mm

(b) Solder test of 4—Component PI/Cu FCCL
Sample codes Blister Delamination
K-EN 3737 A O
K-EN 3755 O O
K-EN 3773 X O
K—-EN 5537 O O
K—EN 5555 A O
K—-EN 5573 X @)
K~EN 7337 O O
K—-EN 7355. A O
K—-EN 7373 X QO

(O good, A :normal, X : wors.

L 239 Suls) #3=o] 1,004 2.0 kef/em7A) 718 &
Q1slth. £3] PMDA/BTDA/PDA/ODAS ER)7} 7/3/ 7/3,
3/7/7/34w, ¥ =2 HEAY k& vehdislck 94 X/Y/5/6 Al
2=E vl 2 BTDAY o] w855 F&Ee] F718isink
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