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Abstract: It is investigated how KOH and Ethylenediamine(EDA) treatment conditions on Polyimide
film surface affect the interfacial fracture energy between electroless plated Ni and Polyimide film by
180° peel test. Estimated values of interfacial fracture energy were 24.5 g/mm and 33.3 g/mm for the KOH
treatment times under 1 and 5 minutes, respectively, while, those were 31.6 g/mm and 22.3 g/mm for EDA
treatment times under 1 and S minutes, respectively. Interfacial bonding between electroless plated Ni and
Polyimide seems to be dominated by chemical bonding effect rather than mechanical interlocking effect.
It is found that chemical treatment produces carboxyl and amine functional groups which are closely
related the interfacial bonding mechanism. Finally, it is speculated that interfacial fracture energy seems
to be controlled by O=C-O bonding near cohesive failure region.
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Table 1. Tensile test result of Cu(10.6 um)/Ni(0.4 pm) and
Polyimide(50 um) films with varying KOH and
EDA treatment conditions.

Mechanical properties
6, (MPa)E (GPa) o
Cu(10.6 pmy/Ni(0.4 pm) 214 62.4 -

Sample

NO treated Polyimide(S0 um) 448 29 0441
Polyimide films treated 1min  44.3 28 0455
by KOH conditions 5min 473 29 0442
Polyimide films treated 1min  48.1 2.9 0461
by EDA conditions 5min 483 29 0444
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Fig. 1. A schematic diagram of 180° peel test.
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Fig. 3. Optical microscope images of Polyimide surface
after KOH and EDA treatments : (a)KOH 1min
only, (b)KOH 1min, EDA 3mins, (¢)KOH S5mins
only, (d)KOH 5mins, EDA 3mins.
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Fig. 5. FE-SEM image of peeled metal and Polyimid
surfaces with KOH treatment for (a)lmin, (b)
Smins at 50°C and EDA treatment for (c) Imin, (d)
Smins at 50°C.

KOH® EDAX 2] A| 7holl & A 531 o] L %] €]
AE 3 FAFEH KOHA g A 7o) Z7)1eke8 &
A A o) Fg FE-o WA &S 40%°A]
A 56%F F7tst9.o. ™, EDAA B A 7ko] &7}
F4E o] o o WA B&L 100%04]
o 523%% 7+4s%th o)+ KOHY EDAA &
Al Egoln= B R BEAHA NFAZ
FA o] = vt Al Ho| F4/EF e 0w = AW
2 Fejojn| 7t E3E He) SO s T
A ZH2 AZEY, o] g AR thE g9
o gk B =} g} WA 6 g3} AlEH 2 Alol g
ATA ol M e 2% o PEgst o) Ya
Eia=

KOH¢®} EDAX 8] &, EElolv|= 9] 318+
& A E Lolr 7] flsted KOHS EDAA 2] A 7F
o) W& Fejoln=e] BHg XPSE E4 5t 4

o] A2 AA 2 #7158 A A 148 A13 (2007)

SEER

o 78 - ol A% - uhgu)

100
1C1s
T WZZN 1s
< 80 015
p L
=
s
= 60l
@
Q
&
S at
L
E
&‘3 20
[’d
a.
X

No Treatment KOH 1min KOH 5min EDA 1min EDA 5min

Wet Treatment Conditions

Fig. 6. XPS atomic concentration of the modified Polyimide
films treated by KOH and EDA conditions.

29 72t AE-S9 J 24 882 Figure 69 1}
BRI} C 1s, O s, N 1Is peakE©| A3l 2
W, AR H)ES F4 MAMAGE A ¥ F
golu) =9} Ao FAE FAE KA, F4

AHA e 10 Hatdl s AL 2polrt gle
< & 4 A} Figure 7(a)$}t Figure 7(b)= zHz}
KOH$} EDA 5% A2 A9 C 1s XPS ~HER &
A peak ¥-2] & AA g A5 VeI
71E AFA el ot F4 MAAAEE 1A
%o Zglolu|EE C s peak B8 A, C-CAF
(284.7eV), C-N7Z T(285.6eV), C-07Z (286.3eV),
C=072 288.6eV)S] peake] & 3hr}x B 7 ¥
v} it} 101w KOHS} EDAX 8] 2 & &2 o]
u] = 9] 7390 = 287.5eV, 289.1eV, 288.1eV ol A
ME-g peako] EAEA=d, 47 N-C=0
(amide”]), O=C-OH(carboxyl”]), O=C-NH(amine
HY NEL ZFELYS FAT & YAk &
% O=C-OH, O=C-NH A &l thg+ Al 5 peak area
fractions -3+ A, KOHA 2] A 7+0] Z7184-E
carboxyl”] 9] peak area fraction 3.0%°1 4 4.2%
2 Z718F9 3, amine7) & 5.5%0 A 3.1%E 74
3t} BhH EDAA 2l Al 7be] F71E Ao A
© 2 carboxyl”] 9] peak area fraction-& 4.5%0 A1
3.1%2 228}, amine”| & 5.3%) A 82%%
%715+t Carboxyl”] 7} O=C-O-CuZA S B4
AlA Cudteta) Ealoju = Aol o] AlH Y &g 3F
Zell 7198 5 dtke 7€ 2P #2289,

h= =
KOHA ) A 7+ carboxyl 7] €] Aol F&< v

an
N
=



FAsd =

Flexible PCB&

T
{+———C=0.0H
J

b O=C-NH

: ]

N-C=0

Intensity (Arb. Unit)

= Ni 22/Polyimide AlH 3] oA =] H 7}

Intensity (Arb. Unit)

45

282 286

Binding Energy(eV)
(a)

292

282 284 290 292

Binding Energy(eV)
(b)

Fig. 7. C 1s core-level XPS spectra of the modified Polyimide surface by (a)KOH and (b)EDA treatment for Smins.

100
:]C1s

- ZZ2N 1s
®
c 801
o ]
-t —
£
S 60}
(7]
Q
s
O 4o}
2
£
g 20t
»
o
=3

KOH 1min KOH Smin EDA 1min EDA 5min
Wet Treatment Conditions

Fig. 8. XPS atomic concentration of the pecled metal surface
treated by KOH and EDA treatment conditions.

2w, o] Ao 2] o] AFH A@Adol A
v Aoz A5 vk A A" Zeolv o

amine?] 7} B4 B 4%, ol Nighesh Fejole)
= Aol o] AMPHE P /|4 F Ak A%
18 Al

BIEE YA, P 4

’

peak H3 E-&o]

2 Ag A3l A= amine”]
Z71842 Ald gt o A 7}
A, g8 A&7 248

Fl

7] 918l XPSE o]-§-8t &
Zululel| A A& 7} A €2 Figure
8ol JEp ATt whejd S&atete] oA
Is, N 1s, O 1s peake] Fthy oz & 24 &
T o2 AEFHNSH, Ni 2p peak 2 E

2O 2 AZHJYT. ol = W A, F4t
JJquC'ﬂ F3E F gl o8 Nid&ol
249 2122 A5 9T o] g XPS A ¥
7= KOHY EDAX 24| 7ol Zdiglo] g =

2 A

[e}

-

(o)

28 N e

o

i oY o

o off

Binding Energy (eV)
(a)

 1KOH 5min| : - |EDA 5min|
cc / : . ! c-c \ o' :
[2 N ] N-C=0+) G + e i
= c : ; = c !
5 f=—c=0.0H £ j=—C=0-0H
) it a0 -0
£ K]
M "
< L <
2 | IKOH 1min| 2 L
@ { 0 . EDA tmin
c E, .
] !
E E
1 1. H 1 H i o N 1 H
282 284 286 288 290 282 284 286 288 290

Binding Energy(eV)
b)

Fig. 9. C 1s core-level XPS spectra of the peeled metal surface by (a)KOH and (b)EDA treatment conditions.

Microelectronics & Packaging Society Vol. 14, No. 1 (2007)



46 WA R - o)A - ol - o)A - )

=

7t B Zgou|= Y ¥-<l cohesive HH Y& 9
1) 3o}, Figure 9(a)<}t Figure 9(b)oll KOH®t EDA
A A Zkell mE Zhzbe] vheld F5uee] C s
peak2 LFERN At} ©] & Figure 73 frAHSH 4
O 2 AH peak B2 E AAIE A3} C-C, CN, C-
0, C=0Z2 &3 KOHA g0l ¢ FAHE Ae=w
HeHE £ N-C=0, 0=C-0Z §o] EAJ st ). Tt
KOHA 8] A 7ko] 7185 0=C-04 T 9] peak
area fractione 3.1%91 4 53%=2 &7} o1,
EDAA & A 7}ko] 571845 0=C-0Z &9 peak
area fraction< 6.4%91 X 3.7%Z% Z43FH ) w2t
A} KOH$} EDAA 2] A| 7bel] M Al 53] o147
9] A%5-& KOHS EDAA B A 7hol| & F-&refat
1}H ¢} 0=C-O peak area fraction 7153 -F+A}8F5A
7] W&o, olol thall R}t A A E4E FF
BEe A 27 el Yasitia Azkd
t}.

.74 B
&4 HeAHe 2 RAH =2

ol H838t7] A% 7|2dF L

Aol F4 MAAA 271 HIPAA

= Nighehe A5t 180° ¥ HEEE F3f
249 g Jror "5t £24WFAHA|
2 A A% NyZEe|olv| = Apo] o] Al 3ol 1]
E FFH o T35t KOHA Z A7) 149
A sRo = ZAAFE AdsIo A= 245 ¢f
mmo| A 333 g/mmZ. F/F= AT ¥ EDAA 2]
AlZbo] 18Rell A sH o= F7ighel met, Al 5
A& 31.6 gmmol A 22.3 g/mmOE A3
o}, AFMO. 2 233} Zajo|u|= HH 7 & 7|7}
KOHS} EDAA 2| Al 7k} F-38HA] A9 A3 A
o7 Hol JAH 12 FFE s AHAA Y
stetA g7z Wahrt AR g Azl 3
&g e /M F23 AAYS & F UTH
XPS EAAHE Fall F2 /NEAA N 23 &
golmz=e] Hyo] /A FHULH, oln) FAHHE
carboxyl7]1 ¢+ amine”) 7} Nisth 733t slehA S &
AN A Eg o= Ul FeoA] w27t A H T
w3 KOHS EDAA 8l 2 A0 mh& AlH 23l
2] W3l e A" A e 0=C-OA 3 i+
LA dAE S Aok

¢

vlolzzAA 9 71 E8IA] #1471 A 15 (2007)

HAlel 2

2 ATE A EdTH A A 7 8AL
Qo) Al A9 &5 AR, olo] 7
A= R

EuEs

1. Y. B. Park, L. S. Park, J. Yu, “Interfacial fracture
energy measurements in the Cu/Cr/Polyimide sys-
tem", Materials Science and Engineering, Vol. A266,
No. 1-2, 261-266, (1999).

2. Y. B. Park, J. Yu, “Effects of electroplated Cu thick-
ness and Polyimide plasma treatment conditions on
the interfacial fracture mechanics parameters in the
Cu/Cr/Polyimide System”, Metal and Materials Inter-
national, Vol. 7, No. 2, 123-131, (2001).

3. J. Y. Song, J. Yu, “Analysis of the T-peel strength in
a Cuw/Cr/Polyimide system”, Acta Materialia, Vol. 50,
No. 16, 3985-3994, (2002).

4. M. H. Kim and K. W. Lee, “The effects of ion beam
treatment on the interfacial adhesion of Cu/Polyimide
system”, Metals and Materials International, Vol. 12,
No. 5, 425-433, (2006).

5. 8. H. Kim, S. W. Na, N. E. Lee, Y. W. Nam, Y. H.
Kim, “Effect of surface roughness on the adhesion
properties of Cu/Cr films on Polyimide substrate
treated by inductively coupled oxygen plasma”, Sur-
face & Coatings Technology, Vol. 200, No. 1-4, 2072-
2079, (2005).

6. W. Yu, T. M. Ko, “Surface characterizations of potas-
sium-hydroxide-modified Upilex-S polyimide at an
elevated temperature”, European Polymer Journal,
Vol. 37, No. 9, 1791-1799, (2001).

7.S. Mazur, P. S. Lugg, C. Yarnitzky, “Electrochemistry
of aromatic Polyimides”, Journal of Electrochemical
Society, Vol. 134, No. 22, 346-353, (1987).

8. S. H. Ho, T. H. Wang, H. L. Chen, K. M. Chen, S.
M. Lian, A. Hung, “Metallization of Polyimide film
by wet process”, Journal of Applied Polymer Science,
Vol. 51, No. 8, 1373-1380, (1994).

9. K-S. Kim, N. Aravas, “Elastoplastic analysis of the
peel test”, International Journal of Solids and Struc-
tures, Vol. 24, No. 4, 417-435, (1988).

10. A. J. Kinloch, C. C. Lau and J. G Williams, “The
peeling of flexible laminates”, International Journal of
Fracture, Vol. 66, No. 1, 45-70, (1994).

11. A-F. Che, F-Q. Nie, X-D. Huang, Z-K. Xu, K. Yao,
“Acrylonitrile-based copolymer membranes contain-



12.

Flexible PCB& 43| =& Ni 22}/Polyimide Al o4 =] H 7} 47

ing reactive groups: Surface modification by the
immobilization of biomacromolecules”, Polymer, Vol.
46, No. 24, 11060-11065, (2005).

Z. WANG, F. Akihiko, Y. Keiichirou, I. Hideo, B.
Tomoyuki, H. Muneaki, T. Sotaro, S. Shoso, K.
Hiroshi, O. Tadahiro, “Adhesion improvement of
electroless copper to a Polyimide film substrate by
combining surface microroughening and imide ring
cleavage”, Journal of Adhesion Science and Technol-

ogy, Vol. 16, No. 8, 1027-1040, (2002).

13. T. Ramanathan, F. T. Fisher, R. S. Ruoff, L. C. Brin-
son, “Amino-functionalized carbon nanotubes for
binding to Polymers and biological systems”, Chem-
istry of materials, Vol. 17, No. 6, 1290-1295, (2005).

14. W.-X. Yu, L. Honh, B.-H. Chen, T.-M. Ko, “A study
on the interfacial composition of electroless-copper-
plated BPDA-PDA Polyimide sheet”, Journal of
Materials Science, Vol. 13, No. 4, 818-824, (2003).

Microelectronics & Packaging Society Vol. 14, No. 1 (2007)



