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Thick Copper Wiring on Liquid Crystal Polymer Substrate by Nd:YVO, Green Laser Irradiation
SONODA Hisaya, OHASHI Shota, MITA Mamoru, MAEKAWA Katsuhiro and YAMASAKI Kazuhiko

(Received October 15, 2019)

A study of thick-copper wirings on liquid crystal polymer (LCP) substrates was carried out by the laser sintering of copper
micro-particles. The copper micro-particle pastes and the LCP substrate have a high absorption rate of a green laser beam with
a wavelength of 532 nm. Therefore, laser-sintered copper films with 10 pm thickness and 65 p Q - cm specific resistance were
formed by Nd: YVO, green laser irradiation. The laser-sintered copper films on the LCP substrate show high adhesiveness
because LCP is a thermal plastic; it was softened and mechanical locking was induced at the interface between the films and
substrate. Moreover, the capacitance of the laser-sintered Cu pattern on the LCP substrate was approximately 2.4 pF and the

value was stable in a frequency range of 20 kHz to 100 kHz.
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Fig. 1 SEM image of Cu microparticles.

Table 1 Chemical composition of gas atomized Cu micro-particles.

(6] Sn Pb S Fe Cu
0.53 0.1 <0.2 <0.2 0.2 >
) x10* x10” x107? x107? 99.46
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Table 2 Composition of Cu micro-particle paste and properties of
mixing materials.

. Density Boiling point  Composition
Materials
[g/cm’] [C] [g]
Cu micro particle 8.82 - 1.15
Ethyl cellulose 1.1 - 0.05
3-Methoxybutyl acetate 0.96 172 0.61
Decanol 0.83 231 0.15
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Fig. 2 Optical properties of Cu microparticles layer.

100 um

Fig.3 Microscopic image of LCP substrate surface.
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Fig. 4 Optical properties of LCP substrate.
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Fig. 5 Green laser sintering of Cu micro-particles.
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Table 3 Parameters for laser sintering.

Wavelength [nm] 532
Repetition rate [kHz] 30
Pulse duration [ns] 6-8
Spot size [pm] 250
Aspect ratio, r,/r, 1.1
Fluence [J/cm’] 0.06
Scanning speed [mm/s] 15-30
N, Gas flow rate [L/min] 3
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Fig. 6 Pull test of laser-sintered Cu wiring on LCP substrate.
(a) Schematic of sample for pull test, (b) Set up of pull
tester, (c) Schematic of pull test
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Fig.7 Cu wiring pattern on LCP substrate for capacitance
measurement.
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Table 4 Parameters for preparation of Cu wiring pattern.

Parameters Wiring Pad
Spot size [pum] 250
Aspect ratio, r,/r, 1.1
Fluence [J/cm’] 0.08 0.16
Scanning speed [mm/s] 20 12
AY Pitch [um] - 100
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Fig. 8 Images of coated film and laser-sintered Cu wiring on LCP
substrate by laser scanning microscope.
(a) Surface image of coated film after pre-bake process,
(b) Surface images, (c¢) Cross-sectional images
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Fig. 9 Relationship of irradiated pulse energy and width/thickness
of laser-sintered Cu layer.
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Fig. 10 Cross-sectional image of bonding Cu plate and laser-
sintered Cu layer on LCP substrate: 0.06 J/cm’, 18 mm/s.
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Fig. 11 Results of pull test.
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Fig. 12 Surface images of laser-sintered Cu layer on LCP substrate
after pull test: 0.06 J/cm®, 18 mm/s.
(a) Substrate after peeling, (b) Cu layer on Cu plate, (c)
Enlarged image of (a), (d) Enlarged image of (b)
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Fig. 13 Laser-sintered Cu pattern on LCP substrate.
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Fig. 14 Laser-sintered Cu pattern and Pad on LCP substrate.
(a) Cross point of Cu pattern, (b) Cu Pad

Fig. 15 |2, LCP FARK IZTE L 72 L — FBEiifE o,
¥ 1~300 kHz il BT 2 EA R L A v ¥ =5 0 A%
MR RT. EEAREIIE WL 20 kHz DL T 2.4 pF 12K
L, 724 v =5 Ak, KRBT 300 kHz (2
P TREIIETL, I MQAEFTIKTT 4. 72821
BHEEIIBIT 5 100 kHz 757381E, FE 7 — & REICEH
END. BEHEEY AT AT GHzHEAHWO R, F
72 10 GHz igiid CATV % LICfifl s 5.

O &) BRI B 5OV ABFEEICB W
T, BEHIORELEBOENFICERETHL. 20
7o, BEREEOLREIO XS KT &, FiES v ¥—%
VADRERBEII BT D BEDVERL L, BARIROZS)
A7, FEAREICEN, RIRPBERHIE & FR L DL
DS X0 T8 e BEAS IR DO TE ST & 70 5

KIFFETIE, M9V ANEYVO, 7)) — > L— (JEE
532 nm) * AW~ A 7 Ui T % Befs S8, 2T IR
JE LCP FMIZ, JRIE 7 um %88 2 5 BERS IR 2 T2 L 72,

—
&

)

14 O Capacitance

@
6.0
4.0 o

o o OOOOO?

0 10 20 30 40 50 60 70 80 90 100
Frequency [F| [kHz]

Capacitance |C| [pF]

1.4 Impedance

0.4 @
0.2 ©

0 50 100 150 200 250 300
Frequency [F| [kHz]

Impedance |Z| [MQ]
IS
o]
@

Fig. 15 Capacitance and impedance of laser-sintered Cu pattern.
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