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A Study on Laser Ablation of Copper Thin Foil by 355nm UV Laser
Processing

Jae Yong Oh” and Bo Sung Shin*

ABSTRACT

Usually nanosecond pulsed laser processing of metal is mainly affected by the thermal ablation. Many studies of the
theoretical analysis and modeling to predict the laser ablation of metal are suggested on the basis of the photothermal
mechanism at higher laser fluence. In this paper, we investigate the etching depth and laser fluence of laser ablation of
copper foils and propose the simplified SSB Model(Srinivasan-Smrtic-Babu model) to study the photothermal effect of
nanosecond pulsed laser ablation. The experimental results show that the photothermal ablation of the 355nm DPSS

Nd:YVO, laser is useful to process the copper thin foils.
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Table 1 Thermal-physical properties of copper

PI Cu
Th 1
erma’ K 0.14 401
conductivity (W/mK)
C
Specific heat (kI/keK) 1.09 385
Glass transition
temp.(PT) T,
5
Melting (T) 38 2567
point(Cu)
. p
Densi 1.42 8.96
Y (glem’)
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l [ total = l f.photochemical + l [, photothermal

i H [ —E'In(H IHp }
= —-n{ )+ Adet? 7w
,B Hpy )
H  :Laser fluence per pulse(J/cm?)
H » : Threshold fluence(J/cm?)
[ : Absorption coefficient
A1 : Effective frequency factor(4m/pulse)
*
E~ :Effective activation energy (kJ/cm®)
1 F
L=—Inj— 2
a \ F,
&  :optical absorption or heat penetration coefficient
FTh : ablation threshold
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Fig. 1 Relationship between laser fluence and etching
depth for Cu treated by 355 nm UV laser'

Table 2 Ablation parameters for PI and Cu when treated

by 355nm UV laser
PI Cu

Hiy 0.1 0.5
(Vem?)

B 1.73x10° 7.31 x 10°
(cm™) " *

4 8.86 100

(#M/pulse) '

E’ 207.6x10° | 21000x 10°

(J/em®) ox X
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Fig. 2 Surface morphologies when laser treated (a)at
fluence than threshold energy (b)at
threshold energy and (c)at higher fluence than
threshold energy
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©
Fig. 3 SEM photos of Cu processed by 355nm UV laser,
(@)laser fluence 0.23 J/em? with 30 shots (b)laser
fluence 0.8 J/cm® with 30 shots, (c)laser fluence
13.56 J/cm? with 30 shots
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Fig. 4 Surface profile (a),(b)14.5 Jem? with 30 shots
(€),(d)13.56 J/em?* with 30 shots (e),(£)8.5 Jem?
with 30 shots
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Fig. 5 Modeling graphs between ablation depth and laser
fluence by 355nm UV laser for Cu and comparison
between the results of modeling and experiments
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