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Fabrication of 2-layer Flexible Copper Clad Laminate by Vacuum Web
Coater with a Low Energy Ion Source for Surface Modification
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Abstract In order to fabricate adhesiveless 2-layer flexible copper clad laminate (FCCL) used for COF (chip
on film) with high peel strength, polyimide (PI; Kapton-EN, 38 um) surface was modified by reactive 0," and
N,O" ion beam irradiation. 300 mm-long linear electron-Hall drift ion source was used for ion irradiation with
ion current density (J) higher than 0.5 mA/cm® and energy lower than 200 eV. By vacuum web coating process,
PI surface was modified by linear ion source and then 10-20 nm thick Ni-Cr and 200 nm thick Cu film were
in-situ sputtered as a tie layer and seed layer, respectively. Above this sputtered layer, another 8-9 um thick
Cu layer was grown by electroplating and subsequently acid and base resistance and thermal stability were
tested for examining the change of peel strength. Peel strength for the FCCLs treated by both 0," and N,O*
ion irradiation showed similar magnitudes and increased as the thickness of tie layer increased. FCCL with
Cu (200 nm)/Ni-Cr (20 nm)/PI structure irradiated with N,O* at 1X10'%cm? ion fluence was proved to have
a strong peel strength of 0.73 kgflem for as-received and 0.34 kgflem after thermal test.
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Fig. 1. Schematic diagram of the vacuum web coater system.
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Fig. 2. (a) Schematics of electron-Hall drift ion source with
long acceleration column, (b) Comparison of ion beam current
density between cylidrical- and linear-shaped SPT.
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Fig. 3. (a) Change of wetting angle to D.I water and to
ethylene glycol (b) Change of PI surface energy PI surface
modified by Ar’, O,", N;O" ion beam irradiation conditions.
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Fig. 4. AFM images of PI film surface treatment by 300 mm low energy ion beam. (a) Ar' ion beam 1X10'%/cm? (b) Ar" ion
beam 5X10'%cm’, (c) O," ion beam 1X10'%cm?, (d) O, ion beam 5X10'%/cm?, (e) NoO* ion beam 1X 10"%em?, (f) N,O" ion

beam 5% 10"%cm?
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Table 1. Relative C, N, and O atomic concentration in Pl surface treated by Ar", O,", N,O' ion beam irradiation.

. Ton fluence Elemental ratio (%)
Ton species . 2
(ions/cm”) N o)
Theory - 759 6.9 17.2
Untreated - 76.7 4.9 18.39
Ar 1X10' 80.55 , 1.22 18.23
0, 1X10' 66.38 4.69 28.93
N,O 1X10' 63.59 9.87 26.55
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Fig. 5. Ols XPS core-level spectra of (a) Ar 1X10'%cm? (b) Oy, 1X10'%em?, () N,O 1X10'%cm” ion irradiated polyimide

surface, respectively.
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Table 2. Variations of C=0 and C-O on polyimide surface treated by Ar’, O,", N,O" ion beam irradiation.

Ion Component Ratio (%)

Ion species
C=0 (531.6eV) C-0 (533.1eV)
Untreated 86.54 13.46
Ar ion beam 77.28 22.72
O, ion beam 85.64 14.36
N,O ion beam 83.85 16.15
Table 3. Peel strength of Cu(9 um)/Ni-Cr/PI system.
. ) Ion fluence Initial(kgfom) After thermal test
Treatment condition Tie & seed layer (ion/em?) g (kgflcm)
Cu only 0.2 -
Untreated
Cu(200 nm)/ 0.4 0.08
Ni-Cr(20 nm)/PI
+ Cu(200 nm)/ 16
02 Ni-Cr(10 nm)/PI 1x10 054 0.16
+ Cu(200 nm)/ 6
0: Ni-Cr(15 nm)/PI 1X10 063 026
+ Cu(200 nm)/ 16
0: Ni-Cr(20 nm)/P1 1X10 071 0.33
4 Cu(200 nm)/ 16
N0 Ni-Cr(10 nm)/P1 110 033 021
+ Cu(200 nm)/ 6
N,O Ni-Cr(15 nm)/PI 1X10 0.63 0.28
N,O' Cu(200 nm)/ 1X 10 0.73 0.34

Ni-Cr(20 nm)/P1
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