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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.

Keywords : polyimide, CTE, 4—component PI, 3—layered FCCL, adhesion.
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2, Zgolulilke 3hAshr] 93k WekE oY s dEkR =
&% 99% oAke] pyromellitic dianhydride (18} PMDA) 2} 3,3,
4,4'-benzophenonetetracarboxylic dianhydride (¢]3} BTDA) =
Daicel Chemical Ind. Ltd. 25 13} AE3159ch BTDA«=
acetic anhydride® 243t & 4—methyl—2—pentanone &%
ole]dl AlHzle] 140 Cell 641 F<t 13 71x38le] ARSIt
ek tlopnl © 2 ALE-3} p—phenylenediamine (©]3} PDA) &=
DupontAF2H-E {1ste] ARE81S] 0, 4,4’ —oxydianiline (0]F
ODA)+ Wakayama Seika AFZ5E] 791314 ethanol® 2%
3k % 60 TolA 4rRE Bt AAx3lo] ARgsIgict §ullEs Mit—
subishi Gas Chemicalrle] 5= 99% o, SE-3eko] 50 ppm
m]gkel dimethyl formamide (DMF) & AME3FSIH:

4MEH Ze|otAE M=, DMF 255 goll ODA 10.617 g(5.302
%10~ mol) ¥} PDA 5.734 g(5.302% 10 * mol)& 0] A2 7]
et Wk 24 C= A8kl PMDA 11.565 g(5.302%
107 mol) ¢} BTDA 17.085 g(5.302%10™* moD) & ‘&2l F<]
ato] 6A17F B3 500 rpm 0.2 wHEER, EH)7F PMDA/BTDA/
PDA/ODA=5/5/5/50]11, 11%+-0] 15 wt%Ql Eelopiks 5
ot vhekst 249 Eejob ke Axslr] S8 242 WA
9] =H|E WSAA Table 18] 2% _E Zdo Pﬂ"}% A z3F et

Z}7}e] = ] Wglel] wat AxFE EEjopike A% (inhe—
rent viscosity)+= capillary %4 (Ubbelode) & 01% 1o] 30 C
oA F73te] Table 24 LYERASITE

Zz2(0|n|= EEQ| M= T IHE 15 wtne] Eejopat
g8 A2 A2 (Film Applicator) 2} Doctor's bladeZ o]-8-5}
o] gal= FAR ABISITE AT IF FAEE 128 oF
oAl 60 C, 1AIZE 120 CelA] 1AIRE 250 Colld] 1AI7E 400 C

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

Cod 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

g Az 8 A8-71A% 54 131

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

Sample codes Inherent viscosity (dL/g)

K—-EN 3737 0.77
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..

oA 30wt GAH o2 AAejste] Zejolv| = AFS Alxs)
Ak
AEB| 2 AZ3F 4 EA
‘;%ﬁr oA Tk B%‘?ﬂ AR HHsto]
H ﬁi 718 AzEeth Z2loln|= HEe] 1 el 25 um
FAZ EP—291 e skl oieselr] 80 T2k 130 T
o == 7M7) 397t xsk 7 %@1 H~E o] g3t 160 T
9] &9} 20000 1b2] ¢+ 0wzt Z3taialth
7171 R 2. B AelA %‘*éi Eejop ikt Zajoju] =] 3}
Z= FT—-IR(JASCO 610 FT—IR spectrometer) & A3}
Helsigie, Aeet Felolbls U5 98 BAE o A 4
71(TMA, TA 2940) ¢t & 53 $47](TGA, TA 2950) % ©]
$3j0] DPPAFCTD 9 DRANAFS S9gozn olusg)
U W5 AR B9 S9e S1sle] fekel o) T3t
o Azt Zejoln|= FES ASTM D-638% 0l wet AlHS Al
z3jo] WsA18 7] (UTM, Instron 8516) % ]85} 25 mm/min
9,] —/—‘,\—L:.E c\:l;g—/\]a_o_ sﬂg}oﬂr/]_ :\:5} X.“}_g]. 32 [eNez] /Ré ﬂi 7]
o] 71AA EAS 48] Yato] ASTM D—638He] w} Peel
testAlBS A|z=a}o] WEsA137](UTM, Instron 8516) 2 ©]&5}0]
25 mm/min?] £5 2 Peel 85 It I5 494 3|2
7] FEA S dopry] Slsto], JIS C-2318%el we} 300 C
oM 1ARE &<k Afst AlEE vl A ol8et] d FEES

Ttk

1?1

L%
4m

A F5E C(%)=100X (A-B/A
A7 A A5, B AL T A%

T3 AES 5AA 3R 7)) 3ol A dolry] 98t
o], 35 X120 mm Z7|2 A|2E Adsio] 25 C, 65 RH%2| &

1710l 24A3F f4 1‘3 5, AlR2] Fojy AeE Sk AR
o] 3o A= HeArE] floll AEE el vl BAYY E
olE At B ﬁk‘s}O% YehAItH(Scheme 1). 3% 32 7|4
9] oln|= FAE3} Fulylo] o AL Flsl] skl IPC—
TM—650, 4. 4. 13ef w2} 288 C2] Hell 10 5t A F

7 3% FCCLS| g Flslslch
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7] 918l Bk Figure 13} 7o) PDAS} ODA 2] AJEn1Z EUslA
sk3L PMDA/BTDAS] A Z27dsto] Alxst dE2] FT-1R 3]
EgS v|wsieith Figure 13 Figure 22] FT—IR AFE oA
1780, 1719 em ™!, Z12]31 1370 cm ™ 'ellA] 242} in—plane imide
group®lA¢] C=092} out—of—plane imide group®lxe] C=0%
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Scheme 1. Schematic diagram of curling test method.
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Figure 1. F'T—IR spectra of 4—component PI films according to
change of PMDA/BTDA molar ratio.
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Figure 2. F'T—IR spectra of 4—component PI films according to
change of PDA/ODA molar ratio.

Zo/H, A3148 A2z, 20074

A aeE e 5= 919lom, 1536 em (C—N—H amide 1D ©]
8] o= MiEF ERER] o= A1E HokS wf, Alxsh Eejoh)]
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Figure 1914 BTDAS] A&7t S7kehe= E=jov|= BE2] 4
2, 1680 cm™ (conjugated C=0) oI|x1¢] ME7} 6% FEElal|<|n]
QEZO R olgah= dMo] YERsith o= BTDAS A#v7F &
7ol wet, BTDAC Al 7R 17F 722 UlellA] 424 %
o]t} London—Force9} 2+ =814 AEE 2] o Mi=r}
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Figure 2014 PDA®] Ad&n]7} Z7kee= C—N—-C axial—
imide 115 YERH= 1370 em ™" W=7} 1360 cm™' & o583
o PDA2] C=C stretching vibration® % <13l tJeEp}= 1515
cmellA 9] Mi=T) TS FElahA] e AL 218 5 919
o}’ w3k ODAR Q8 LERR= phenyloxy unit®] C=C stre—
tching (1505 cm™Y) WE=$} symmetric (1250 cm™Y), asym—
metric stretching (1120 cm ™) WME7} ZHask= 22 gRlsigich

AMEHA Z2lo|n|E 2Ee| AN Y BM. Axst 448
ZElolu|E HF9] 7AA EdE Lotrn] flste] UTME &3t
A7 E} Alg, 183 BAAIFE S735Fe] Table 39 Y
ERQITE Zbzke] Aol we), BAES 242 kef/mmol A
Bl 384 kgf/mm*7H4 UEREom, PMDASE PDAS] 4517}
7Vl et & ol T8k AEe Btk (Figure 3). %

Table 3. Mechanical Properties of 4-Component PI Films According
to PMDA/BTDA/PDA/ODA Contents

Tensile modulus Tensile strength Elongation
Sample codes

(kg;/cm?) (kg /cm®) (%)
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

21
Modulus(kgf/mm

Figure 3. Tensile modulus of 4—component PI films.
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Figure 4. Tensile strength of 4—component PI films.
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Figure 5. Elongation of 4—component PI films.
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o, PMDASE BTDAS] Aditn]ell whz 17 gte] wWshs
Uh= PDAS} ODAS] A@ule] e Qg4 =e] gte] W
A et PDAS] AAR817E 52 AlEE] 739 QUSRS gk
ol IA S7¥eh= AdE Hlth(Figure 4). BTDA: wAF 75
ylell &A= 7H5AI712 18] ' ES 7HAA7IH, ODAE
T el EAeH: olH272 A8l BER AFFT A
dh= Ao AZEE 4= k! o)) wit)E WSy Bt
EAsHE PMDASE ko F/d5ojx PDAS] ghgo] &
71t 739, Figure 5 UERA 3} o] Algo] hask= AdE
e

4M&A Z2/0|n|= BEQ| BN SN M. Z7e] Aol uf
2} A|zst 495 EEjolv|= FE0] 94 548 dotny] 9
3lo] o33t o] IFE ¥48 sl (Figure 6), A37) 5 wt%
Hal|E]= 25 F Table 40 YePASITE 5 wt% o] A=t 23 =
= 25 A uwel A 538 Tolld Har 562 T7HA 24 €
=7k 2, PMDA/BTDAS] E8]7} 7 : 39 uf, Aol thsh
PDAS] o] 10 mole% (K—EN 7337) A 35 mole% (K—
EN 7373)2 Z7kstel whgh 5 wt% 2% 542 TollA
562 CZ 20 C 7P o, 3t 800 T IFaEe S7lsks
FRlIgiT). o] & Eato] PDAS ghgo] 7l wat WdAdo]
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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 .. g
p loss in nitrogen (TC)

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

)
——
560 gfi
£
550 -
5
54 -3
0
§
830 ]
520
PMDA 7

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

contents.

G e & S 9tk BEd dAldo® PMDAS PDAS &
ol 7S 5 wt% Alu7t AEdEE 57 Sk AT
S HolE= AL FIg 5= lQltH(Figure 7). ZH2te] Adainlel u}
B 44EA Zlom = AFe] A7 S dotr] §lsked
TMAZ o]galo] CTE # 25%77HE (A-&~100, 100~200,
200~300 C)& T-3lod, Table 50l YeRdch sk fodA 3=
78 Axggell Agus =TI ARLlA 200 T2 -
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Table 5. CTE of 4-Component Polyimide Films

Sample codes CTE (ppm/C)
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.

el o] Wst et oo] thgk CTE #k& -6ko] Figure 8
of] vrehfiSIT

4477 Ee=lo|n|= EES 013510 X3t 35 RUY 2
7|Ee] HEE £5. B AFelA] Azt 44584 EEjolnE 2
£ 35 um ¢ Fulo||, olm @A H2A EP-2915 A8k
ZAIA Az 3% A A= 7S 4384 Zrjom| = F
3} Fukako] HAES 90° Peel testS £33l S48k, 1 gk
< Table 6°] YeRNISITh Kapton®] 5817} F&& o] 1.7 kgf/em
£ UERd WhA, 4788 A DA EHlE dsto] Alxgt Elo)n]

3
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Table 7. Thermal Properties of 4-Component PI/Cu FCCL
(a) Curl of 4—Component PI/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 VAN
K—-EN 7337 1.0 A
K-EN 7355 0.2 O
K—-EN 7373 0.1 O

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

(b) Solder test of 4—Component PI/Cu FCCL

Sample codes Blister Delamination
K-EN 3737
K—EN 3755
K—-EN 3773
K—EN 5537
K—EN 5555
K—EN 5573
K—-EN 7337
K—-EN 7355
K—-EN 7373

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

x> OXP>POXxOD>
O00000O0O0OO

T 59| s HAtEo] 1.00014 2.0 kef/fem7H S71HES €
el&lik. 53] PMDA/BTDA/PDA/ODA®] Ew|7} 7/3/ 7/3,
3/7/7/34H, 7V = A3 #hs vERIIch 4 X/Y/5/5 Al
2=E Hlwsl] 2 BTDAS] 3] #8575 F2=o] Tslith
Sk X/Y/3/7 AelZel s vlawel] B zizF 1.8, 1.8, 1.9 kef/em .
24 98 Hae Bdnk o3 BTDAC ¥3H ketone” |7}
Eejoln| =9} s AE-g Falo] e SRRl 71l ¢
H, X/Y/7/3 A=A BTDAS drekzrlel] oJst Aatele) &
WS} A kTt ol A1 AT sl weds) £ wf, A
2379 112 FAI e Dol gk 2o HAAoR
e s Jnd 5 e FRIssith

3% RUM 3= 7|Ee| WHOMEN &H. Ax%t 35 74 3
2 79 I gAdS dohny] 9J8led, A $5 (shrinkage), $
(curD 7} ¥ (solder) AL &3tk 4 %2 JIS C—-2318%
of w2} 300 CollA] 1A B2t sk AlsE 481900, $2 35
X120 mm F71Z2 Al8E Agsle] 25 T, 65 RH%2] 9171
2472 A8k ), AlES 3R e Sk T8t 35 &
914 3|7 7)ie] Wl AL [PC-TM-650, 2. 4. 131l uje}
AEE 25%25 mme] 7|2 Hekste] 288 T2 Hell 10x &
QF Tt F AEC] e SISk Alxd 3% A4 31 7]
3] 3 Az @ 54 Table 790 UERRQITE 05 %
dse] Azt AJEA EelovE BES AMESle] Alxet 3%
A BE 73k BE 239 ElelA 3 mm ol5ke] S 2
Rom, 4 552 PDAS ghgo] T7FE 6% 2%7HA 3F
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o ZEjoln|= AEe] A A Bt TGAZA Y, 4 <HdA
o] Aol wiet HA 538 Tel #Har 562 CT7H4 24 C S7ket
1, PMDA/BTDA®] E1]7} 7 : 3% wj, 542~562 C& 20 C &
7¥eladtt. olF Fslo] PDAS] ghego] S7kskel whet g do] &
el e 4 5 A3k =S §914 3E V)9 AE Al T8t
CTE #& PMDAS} PDAS] §Hgo] S71lps tolx)= 218 &
- Aslem, PMDASH PDAS] gir&o] 35%% ™|, “dellA]
200 CT7HA9] Xt ] A8 AG+= 17 ppmE FHt2]
CTE 91 16~18 ppm3} 2] Akt gk UepiE o 4= dth
Az 495A BE 712 543 wdEC] 24200 kef /em”
o {3-E] 38400 kef /em™7H4] LR O™, PMDAS} PDAS] A%
07} S71kel meh R ES S7lshs AEE Bolon, A 4
T 7pzke] ARule] wt 1400~1900 kef /em*7H] W3k
3, PMDAS$} BTDAS] Zd&]el] e IS ko] Wskuch=
PDAS} ODAS] Zddtlel & 1% ke Wishrt A vk
S & AR TS AFEE 490 Eeloln] = IES o435t
3% A9 3= 7S Azt AFe 35 F F= V18] 4
A Eelolm|= HEe] HatEs S7dste], 712 Kapton—
100 HN 1.7~2.0 kgf/emO% e &8s Jepls sklst
Ak AEF 3% 74 B2 V)] A B BE AlRlA
3 mm "] o (curl) #he UERNICH, A 455 (shrinkage)
sk PDAS] =H|7F 571kl whet 6%l 2%714) 3HAsisick
A 2 Aoa Azg 44357 Zelov|= BE Yl 35 /4
A 32 79 F5ET) tlolrlo R ARESE iAo 2AdNE =
gt wet 71418 BT 4 5 28T T BAlel 4

A7IAR R T 4geA Eeloln= AE} o) & 3
o

- O

— =2u

3Z
=
5 Rl B2 719 AT 5 9SS Felsklnt

ZAR 2 : o] Ay el ZEdTA 9 F7I
713 AR (FCCLE Skl oo Sub-22n dusdsd &
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