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T o & ARSI ATAES 93 S 2e sulst ZEjon= H50R oFR FAFHHFH(FCCL)o] AME-
Hed, AFve FHoR AT 3ERR T A Abld AW s U ARE FHaslslelof gtk a2y
AxE s ARge Fukt EEjeons gx|ote] HA Awrt WolA A HER o]Hg EAFS Heslof it
2 AFolMe sk J2E FE s bt Zejoln= F2E AAlstaL, oAl A 7I571E EYT E
ol AkE ). Tkt o] Z2]otl ik pyromellitic dianhydride(PMDA), 3,3'4,4'-biphenyltetracarboxylic-
dianhydride(BPDA), 4,4'-(hexafluoroisopropylidene) diphthalic anhydride(6FDA)$} m-tolidine(mTB), 2,2'-
bis(trifluoromethyl)-[1,1'-biphenyl]-4,4'-diamine(TFMB) 52| Z3ro.2 3H5}e], o]E Fulol| IHY3SIaL o|n]|=3)s}o]
FCCLE Alzsisitt. F&el tigh 542 tefet Eejov|= xd we vleg] A= Al Zeld Ade gt
AFM, SEM, 357} S 02 AJAAAE vl sl ste] Zlsiqirt.

Abstract: Since the development in mobile display requires high data transmission speed, there is a growing need in the
development of flexible copper clad laminate (FCCL) for flexible printed circuit board (FPCB) that has a high signal
propagation at high frequency range. The circuit for signal transmission uses FCCL which is composed of copper foil
and polyimide film. The surface roughness of copper foil has to be low to reduce the pathway of signal because the cur-
rent flows near the surface at high frequency range. However, such low roughness of the copper foil results in poor adhe-
sion to polyimide, which is a problem that should be addressed. In this study, the poly(amic acid)s (PAAs) having various
structures were synthesized and the silane functional group was introduced as end group to investigate the enhancement
in the adhesion with the copper metal. Various polyimide structures were synthesized with the combinations of pyro-
mellitic dianhydride (PMDA), 4,4'-(hexafluoroisopropylidene) diphthalic anhydride (6FDA), 3-aminopropyltriethoxy-
silane (TEOS), 3,3',4,4"-biphenyltetracarboxylic dianhydride (BPDA), m-tolidine (mTB) and 2,2'-bis(trifluoromethyl)
biphenyl-4,4'-diamine (TFDB). The synthesized PAAs were casted on the copper foil and were imidized for the fab-
rication of polyimide for FCCL. The adhesion strength between the polyimide and the copper foil was investigated by
peel strength test and interfacial characteristics was investigated with AFM, SEM, FTIR and contact angle measurement.
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Scheme 1. Synthesis of PMDA-TEOS-I through thermal imidization of PMDA-TEOS-AA.
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Scheme 2. Synthesis of PAA-TEOS with PMDA and mTB as dianhydride and diamine, respectively.

Table 1. Weight of Each Monomer for Various Types of
Polyimide

Sample code Dian?gy)dride DieEtrgn)ine
PMDA/mTB 21.81 21.22
BPDA/mTB 29.42 21.22
6FDA/mTB 44.42 21.22
PMDA/TFMB 21.81 32.02
BPDA/TFMB 29.42 32.02
6FDA/TFMB 44.42 32.02
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Table 2. Weight of Each Monomer for Polyimide with TEOS
end Group

Sample code Dianhydride Diamine TEOS

(8 (® (®

PMDA/mTB/TEOS 22.46 21.22 1.32
BPDA/mTB/TEOS 30.30 21.22 1.32
6FDA/mTB/TEOS 45.75 21.22 1.32
PMDA/TFMB/TEOS 22.46 32.02 1.32
BPDA/TFMB/TEOS 30.30 32.02 1.32
6FDA/TFMB/TEOS 45.75 32.02 1.32
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Figure 1. Actual image of fabricated copper foil for (a) battery; (b)
FCCL.
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Figure 2. '"H NMR spectrum of PMDA-TEOS-AA.
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(a) (b)
Figure 6. SEM images of copper foils. (a) for battery; (b) for

FCCL.
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Figure 7. AFM images of 2 types of copper foils. (a) for battery; (b)
for FCCL.
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(b)

Figure 8. Cross-section images of 2 layer FCCL by scanning elec-
tron microscopy (SEM). (a) Copper foil for battery; (b) copper foil
for FCCL.
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