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The Effect of Energy—absorbing layers on Micro-patterning of Magnetic
Metal Films using Nd:YAG Laser
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Abstract

The laser patterning of sputter-deposited CoNbZr/Cu/CoNbZr multi-layered films had been tried using
Nd'YAG laser. However, generally it is very difficult to remove metal films because of their high
reflectance of the laser on the surfaces. As a counterproposal for this problem, authors for the first time
tried to deposit energy-absorbing layers on the metal films and then irradiated the laser on the surfaces of
energy-absorbing layers. Here the energy-absorbing layers consisted of laser energy-absorbing fine
powders and binding polymers. Three kinds of powders for the energy-absorbing layers had been used to
see the difference in the pattern formation with the degree of laser energy absorption. They were
electrically conductive silver powders, insulating BaTiO: powder and semiconducting carbon powder.
Remarkable differences in width of the formed pattern and the roughness of pattern edge were observed
with the characteristic of the powder for the energy-absorbing layer. The pattern width using carbon paste
was about three times larger than that using BaTiOs paste. It was observed that the energy-absorbing
layer with carbon was the most effective on this micro-patterning.
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Energy-absorbing layer
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Fig. 1. Cross-sectional structure of the sample
with an energy-absorbing layer
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219 2. micro-patterning system® T3 32
Fig. 2. Schematic diagram of the laser
micro-patterning system
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¥ 1. Laser patterning® WA 5289 £3 189 gdER
Table 1. Width of laser-patterned energy absorbing layers and their thermal conductivity.

Width of patterned energy Thermal conductivity
Energy absorbing layer absorbing layer at 300 K
(ym) (w /cm K)
BaTiQ; paste 35 0.062
Silver paste 55 4.29
Carbon paste 100 9.78°

* The thermal conductivity of carbon(graphite) is the average value between parallel and perpendicular

direction to the structural layer of graphite
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Fig. 3. Fig. 4.

was laser-patterned after depositing
silver paste as an energy-absorbing layer
(xX100) (laser frequency: 40 kHz,
substrate moving speed: 0.1 mm/s,
average power: 16 W)
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was laser-patterned after depositing
BaTiO; paste as an energy-absorbing
layer (X100) (laser frequency: 40 kHz,
substrate moving speed: 0.1 mm/s,
average power: 16 W)
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a9 6 AR FFF22A silver pasteE EX
g ¥ laser patterning® A|Ho] &g
SEM HRAR (x500) (gle]A AF4: 40
kHz, 71® ©154%: 01 mm/s, BT&:
16 W)

Enlarged SEM plain view of the sample
which was laser-patterned after
depositing silver paste as an
energy-absorbing layer. (X500) (laser
frequency: 40 kHz, substrate moving
speed: 1 mny/s, average power: 16 W)

Fig. 6.
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a9 7. A EF5%< BaTiO; pasteg F34¢
% laser patterning¥t sample®] &g
SEM 39 (x500) (HelA ¥ 40
kHz, 71® °]5 4% 0] mm/s, HTFH:
16 W)

Fig. 7. Enlarged SEM plain view of the sample
which was laser-patterned after depositing
BaTiOs paste as an energy-absorbing
layer. (X500) (laser frequency: 40 kHz,

substrate moving speed: 0.1 mm/s,
average power: 16 W)
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Fig. 8

A=A F4%<2 carbon pasted F&§%
laser patterning¥ sample®) #Wi§ SEM
W (X500) (#HlolA WF: 40 kHz, 7]
T olFEE 01 mm/s, HEEY: 16 W)
Enlarged SEM plain view of the sample
which was laser-patterned after
depositing carbon paste as an
energy-absorbing layer. The sample was
90 degree rotated. (X500) (laser
frequency: 40 kHz, substrate moving
speed: 0.1 mm/s, average power: 16 W)
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Fig. 9

oA F4% {lo| laser patterning &
sample®] SEM HW(x100) (1A A%F
4! 20 kHz, 7|®o] ¥4 %= @ 01 m/s, ¥
o &9 18 W)

SEM plain view of the sample which
was laser-patterned without the
energy-absorbing layer (x100)

(laser
frequency: 20 kHz, substrate moving
speed: 0.1 mm/s, average power: 18 W)



J. KIEEME Vol. 13, No. 6, June 2000.

3l AAHAG

4. dE

AFZAE AYFEHL HolHY HIALgo)

AA "olHE o]&s|AM patterningdtE He] v
olgch a#Aq £ dFddME o= EAl9 oigt
oz Yo FF&ol F& Ay F5E2L FHu
2o} B ZEIID o] oA FFF Hol ¥
F5EHe st A998 F

JAE ZASA

22 AANFAS

a9 10, A 5% carbon paste®E TEF
% laser patterning¥ sample®] SEM 3
H, 7|4 A F4%-& patternigdt
F AA (x100)
(HelA ZAF4: 20 kHz, 7B FE =
0.1 m/s, 3TEY: 18 W)
Fig. 10. SEM plain view of the sample which
was laser—patterned after depositing
carbon paste as an energy-absorbing
layer (X 100), where the
energy-absorbing layer was removed
after patterning. (laser frequency: 20
kHz, substrate moving speed: 0.1 mn/s,
average power: 18 W)
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