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x B  PFFH, B4, 98 2 FF+F A 5o 98 Ro)xT g flexible printed circuit (FPC) & 2 3315}7) gsirle
FPC 7484 7te] A=Y ato] uts|ofot ghr}. wlafal & o4l FPCE FAS: EEo|njs /024 9 Eelone /S
°I='I‘= AHe) Hay Faks o8 Eojoln|t Xwld] SAVNEF EYstT ol HA] A AA S JAH EHE BT Q7
w83t Eelolnis WE-2 KOH +4-9¢ AHeslo] 8S Sdjolite 2 4A fo 2 o] I477 2o,
Hxe /fA27e IM KOH -8l of 587t /falsle Acigich. g AT FA ol EX] $xjo] AHAR Fejolulits F
ABE 50/50 AH¢T A9 o] H A5g veblich Eelolnle ¥ ARAEE B2 9 Ao BFRAE o)L
Eolul= FFo] KOHH sl Eojolaate 2 /AAGSS Fstgen], FAAAH0 AL o]&sto] Ejolujs/aZA|e] 7
SE $4Y 23 Aste e 454 A FejolyitEo) FEoin|eR AojjeER Ao R AlwHc).

Abstract In order to minimize flexible printed circuit(FPC), which is used in computer, communication, medical facil-
ity, aviation space industry, it is required to improve the interfacial adhesion of polyimide/epoxy or polyimide/polyim-
ide consists of FPC. In this study, it was considered to improve the adhesion strength of polyimide/epoxy joint by intro-
ducing functional group on polyimide film and improving mechanical property of epoxy. Functional group on polyim-
ide film was introduced by changing polyimide film surface to polyamic acid in KOH aqueous solution. The optimum
conditions for surface modification were the concentration of 1M KOH and treatment time of 5min. Also, the optimum
adhesion strength of polyimide/epoxy joint was obtained using rubber modified epoxy and polyamic acid as a base
resin and curing agent of epoxy adhesive, respectively. The degree of surface modification of polyimide film examined
with contact angle measurement and FTIR, thus modification of polyimide to polyamic acid was identified. Fracture
surface of polyimide/epoxy joint was analyzed by scanning electron microscopy, and modified polyamic acid re-
imidezed to polyimide as increasing curing temperature.
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Fig. 1. Scheme of the imide ring opening on Kapton H polyim-
ide films by KOH treatment at 22C
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t}.29 o]l EF Fio|EL FEA Atelel sk 44 A
o] glojo} B o] A e} 7)Ae] HAjT=
olEold, 2 HE2E S5l EHUY AT 2 2§
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Zg)olujr 2 pyromellitic dianhydride/oxydianiline
(PMDA/ODA) €& ==kA| = g v]= Du PontAF¢] Kapton
H E3& 2183k}, ol F4] 2 Z& diglycidyl ether of
bisphenol A (DGEBPA, YD-128, o =] & 180-190g
/eq, FE3E) o} HARFAR XFE ANFA $A(R-
1309, o1& 2] F=F 295-305g/eq, T =33 & A3l
o, AFAZ AFPelu|=F (G-0331, TE3}3}), methy-
lene dianiline (MDA, TCIA}), pyromellitic dianhydride
(PMDA, TCIA}), oxydianiline (ODA, TCIA}) & AH-31 4
t}. MDA, PMDA, ODA 9] 492 = H|Ez}slo|=22F%
(THF, ShowaA}), #|&k2 (CH:0H, Hayman LimitedA})
& AHEgled, Efjojnl= EWAN YA FALEERF
(KOH, JunseiA}) & AF-4-3}4ic}.
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A¥olu|=A ZAsA 40phrg EFIer, HAIFZE
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THF ] £+41%) 431217 DGEBPA o|EA] 2]d] £33}
A3 AFQ Bl A Lulg A7) F A3t WA
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AL E97] lol 4 PMDA ¢} ODA & 22 3|2 347
5 2HAA Lotk Tl AHE-F &vl= THF/CH.0H
(8/2, wt%) & AHg-std o, 842 = 10wtd% = 3}
ot 235 PAA ) DGEBPA S} WA T F-Al o] FA] &
A5 £ 4322 F AT BN 7 7xdke] PAA
/AEA] TAeA AZANE T4 3t

EH AR Folvjz IF Hol o7 ZAY ol FA]
HAAE =28 F 2 Yol T4 2222 AL ¥
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Polyimide film
Epoxy adhesive layer
Polyimide film

Fig. 2. Geometry of T-peel specimen.
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(A+cos@)n = 2[ (NI "+ 1y *% (1)
(1+cosd) =2 (r* 7905+ (7 v *°]

7* : component of dispersion force

7" - component of polar force

6, : contact angle of water

0, . contact angle of methylene iodide

EHAUA] SR AN 7 re, y B E3ol 2ud
ulol] mjg} FH (1) & 220, 50.2, 72.2md/m? methy-
lene iodide (2) & 48.5, 2.3, 50.8mJ/m?e]t}.
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Fig. 3. Surface energy of PMDA-ODA films as a function of
treatment time of PMDA-ODA in 1M KOH aqueous solution.
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Fig. 4. Contact angle of PMDA-ODA /epoxy resin as a function
of treatment time of PMDA~ODA in 0.5M KOH aqueous solu-

tion.
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Fig. 5. Contact angle of PMDA-ODA.epoxy resin as a function
of treatment time of PMDA-ODA in 1M KOH aqueous solu-
tion.
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Fig. 6. Contact angle of PMDA-ODA/expoxy resin as a func-
tion of treatment time of PMDA-ODA in 2M KOH aqueous so-
lution.
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79) Aaele] Fado] glom, 0.5M} IM AN Hx
o] A&Eg Bl F FA HEHo| dolA IMlME 79
Ao o] gl AL & 5 Ak wA HHFE 0.
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Fig. 7. Peel strength of epoxy adhesive (R-1309+ G-0331)/Pol-
yimide film(PMDA~ODA) pints as a function of molar concen-
tration of KOH aqueous solution.
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Fig. 8. Peel strength of epoxy adhesive(YD128+ G-0331, R-
1309+ G-0331)/polyimide film(PMDA-ODA) joints as a func-
tion of treatment time of PMDA-~ODA in 1M KOH aqueous so-
lution.
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Fig. 9. Peel strength of epoxy adhesive (YD-128+MDA, G-

0331+ MDA)/PMDA-ODA joints as a function of treatment
time of PMDA-ODA in IM KOH aqueous solution.
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Fig. 10. Peel strength of epoxy adhesive (YD-128+PAA)/poly-
imide film(PMDA~QODA) joints as a function of PAA weight%
in epoxy adhesive.
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Fig. 11. Peel strength of epoxy adhesive (R-1309+ PAA)/poly-
imide film(PMDA-ODA) pints as a function of PAA weight %
in epoxy adhesive.
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Fig. 12. FTIR spectra of KOH modified PMDA-ODA film. (a)
room temperature (b) 80T (c) 150T (d) 210T
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Fig. 13. Energy at break of epoxy adhesives. (YD-128)+G-
0331=cured at 80C for 3hours, YD-128+ MDA = cured at 80C
for 2hours and 150T for 2hours)
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Fig. 14. Energy at break of epoxy adhesive with polyamic acid
as a curing agent.(cured at 120C for Zhours and 210C for
5hours)
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(a) (b)

(c) (d)

Fig. 15. Peeled surfaces of epoxy adhesive (R-1309+ G-0331)/polyimide film(PMDA-ODA) pints by scanning electron microscopy.
(a) IM 5min surface treated polyimide peeled surface, (b) epoxy peeled surface, (c) 1M 20min surface treated polyimide peeled sur-
face, (d) epoxy peeled surface.

(a) (b)

(c) (d)

Fig. 16. Peeled surface of epoxy adhesive (R-1309+ MDA)/polyimide film(PMDA-ODA) joints by scanning electron microscopy.
(a) 1M, 10min surface treated polyimide peeled surface, (b) epoxy peeled surface, (c) 1M, 60min surface treated polyimide peeled
surface, (d) epoxy peeled surface.
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