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Nanosecond laser pulses for aluminum and copper drilling
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Abstract

Nd:YAG laser pulses of 9 nanosecond pulse duration and
operating wavelength at 1.06 um, were utilized to drill high thermal
conductivity and high reflectivity aluminum and copper foils. The
results showed a dependence of drilled holes characteristics on laser
power density and the number of laser pulses used. Drilled depth of
74 ym was obtained in aluminum at 11.036x10° W/cm? of laser
power density. Due to its higher melting point, copper required
higher laser power density and/or larger number of laser pulses to
melt, and a maximum depth of 25 pm was reached at
13.46x10°® W/cm? using single laser pulse.

Key words
Nanosecond laser
pulses, laser drilling,
metals.

Article info.
Received: Jun. 2017
Accepted: Sep. 2017
Published: Mar. 2018

ladll g 33,)..\43\1‘ Cuiis gﬁ Ay it 5l ey aladli)

§a5an il g g el ) Jals A
yadl alaas cdn 51 S Analal) il o glal) o

dadAl)
2 A58 s (e gl e s Sie 1.06 (o sall Jshally damy 53 oy — o spell )5l aladiad o
Ul gl Al &l jall Al sl 5 LSV (53 Guladll 5 p snial¥) B8 il da) (e Alis0 9
i gae Ao Jganll o3 4y ) lll Glcanll aae 5 5alll g ladi 508 AU e 3 jaiall @ g8l pailad slaie)
sy /bl 5 (11.086%10%) 3l 50 sasl 5 3l duani aladin) e o gialV) A8 ) A (5,50 74 4Alsh
Do B,a Baaly )l A aladinly 25 alsh (il Sae o Jganll o3 28 Guladll D) leaiV) A
"o/l 5 (13.46x10°%)

Introduction

Drilling metals with lasers brings
many advantages to this industrial
practice. In addition to its localized and
non-contact features, the process is
associated with a very limited heat
affected zone (HAZ). Laser drilling is
capable of dealing with tough, high
reflectivity and high vaporization
temperature materials [1, 2]. In this
process, heating, limited melting,
vaporization and plasma formation take
place. With microsecond laser pulses,
laser power density of (10° W/cm?) is
required, but with nanosecond laser
pulses, (10° W/cm?) power density is
almost the rule of thumb to drill metals
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without HAZ. At this high level of
power density material ablation takes
place. At nanosecond laser interaction
regime with metals, material reflection
is broken down at most infrared laser
wavelengths and the absorption of
metals will only depend on
temperature. Total removal of copper
coating was achieved by 10 ns
Nd-YAG laser operating at second
harmonic frequency with 532 nm
wavelength using a laser energy
density of (1 Jicm?). Laser drilled
holes; covered with re-solidification
material and some cracks, were seen
when using 8ns laser pulses from Ti:
sapphire laser in the drilling of silicon



Iragi Journal of Physics, 2018

[3]. The ablation of bulk aluminum,
bronze and copper was experimented
using nanoseconds laser pulses. The
ablated depth was found to decrease
with the ablation rate [4]. Some
mechanical and thermal damage was
found with nanosecond pulses when
using Q-switched Nd: YAG laser to
drill silicon wafer [5]. High ablation
rate  with nanosecond pulses was
achieved on some metals; but with
evidenced thermal damage on the
target [6]. The micromachining of
metals, silicon, polymers and ceramics
was achieved with high aspect ratio
using high power density nanosecond
laser pulses [7]. In the current work,
nanosecond laser pulses were utilized
to drill aluminum and copper. The idea
is to freeze the metals’ thermal
conductivity by taking advantage of the
fast nanosecond interaction time and
achieve low thermal distortion drilling
and this is an important issue for heat
sensitive devises where the localized
heat can maintain the device without
destroy.

Experimental methods

Nd: YAG laser with 9 nanosecond
and 0.5 Joule; supplied by DELIXI-
China, was used to drill holes in
aluminum and copper foils. Thin
aluminum and copper foils as shown in
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the Fig.1 were cut into small squares
(2x2) cm and cleaned with alcohol to
remove dirt and grease contaminants.

Fig.1: Aluminum and copper foils that
used in this work.

No chemical or physical surface
treatment was employed and the
samples purity comes under “industrial
grade” i.e. not so pure in order to
demonstrate laser drilling on metals
with specifications close to those used
in real laser drilling. Simple
experimental set-up was used as shown
in the Fig.2 and the laser pulses were
focused by 10 cm positive lens.
Different values of laser energy and
number of pulses were used to drill
0.08 mm aluminum and 0.04 mm
copper foils. For these particular
thicknesses, the thermal time constants
are 20 ps and 16 ps for aluminum and
copper respectively.

Lens

Sample

\.._..___

Holder

Fig.2: Experimental set-up used for drilling.

48



Iragi Journal of Physics, 2018

Results and discussion

Fig.3 shows a microscopic top view
image of 18 mm hole; drilled in
aluminum by a 100 mJ (8.2 x 10°
W/cm?) laser pulse. Fig.4 illustrates a
relation between laser intensity and
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drilled depth; reaching a value of
74 Mm at 140 mJ (11.03 x 10® W/cm?).
At higher power densities, vapor and
ejected re-condensation increases to
limit any further increase in the drilled
depth.

High laser power densities cause
partial vapor ionization and molten
re-solidification; making the depth
increase exponential. The relationship
between laser power density that used
and hole diameter is presented in Fig.5.
Small diameter holes are produced at
lower laser energies (low power
density). At higher laser energies, the
beam diverges and larger hole-
diameters are produced. Without using

any processing gas, black and rough
area around the hole is seen. This
originates from  splashing  burnt
impurities in the metal; a finding that
agrees with published work [8]. This
figure shows no cracks; in favor of our
hypothesis of reducing thermal and
mechanical damage by laser processing
with pulses shorter the thermal time
constants of the metals.
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Fig.4: Laser-drilled depth in aluminum against laser power densities.
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Fig.5: Laser power density versus drilled diameter in aluminum.

Because of its small thickness, the
aluminum sheet was drilled fully by a
single laser pulse of (8 x 10® W/cm?)
laser power density. Table 1 illustrates
the aspect ratio (depth/ diameter) when
drilling aluminum with different laser
intensities. Fluctuation of aspect ratio

values could have resulted from
inhomogeneous aluminum  structure
or/and fluctuation of the mains supply
which affected emitted laser energy.
The crater diameter increased with the
laser energy; in agreement with
published work [9].

Table 1: Aspect ratio of drilled holes depth in aluminum at variable laser power densities.

Laser power density Aspect ratio
x 10° (W/cm?)
8.2 0.105
9.07 0.121
9.7 0.093
10.4 0.1
11.03 0.18

The graph between the number of
laser pulses versus depth in copper is
shown in Fig. 6. 32 um depth was
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produced by 6 laser pulses, using
(13.46x10°  W/cm?) laser  power
density.
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Fig.6: Hole depth against number of laser pulses in copper.

Fig.7 shows microscopic top view
images of copper samples drilled by
a single laser  pulse, using
(13.46 x10° Wi/cm?) laser power
density. The debris and splashing
around the hole is seen because no
processing gas was used to remove the
ejecta. The relationship between laser
power density and drilled depth is
shown in Fig.8. Depth increases took
place with increasing laser power
density and maximum depth of 25 pum

was reached at 13.46x10° W/cm?;
using a single laser pulse. This result
agrees with published literature [10].
Comparing Fig.4 with Fig.8, copper
has higher boiling temperature than
aluminum; and therefore required
higher laser energy and/or larger

number of laser pulses to remove
similar depth. For nearly same range of
laser power densities, smaller hole
depths were obtained in copper than in
aluminum.

Fig.7: Laser drilling of copper foil by single laser pulse, (100X).
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Fig.8: Hole depth increase with laser power density in copper.

Conclusions

Holes were drilled or ablated in
aluminum and copper sheets by using
different values of laser energies from
Q-switched Nd: YAG laser. Linear
increase in holes depth occurred with
laser energy increase; reaching a value
of 74 Mmm at 140 mJ for aluminum and
25 um for copper. Small diameter holes
were produced at high levels of laser
power density. The rate of hole depth
increase was found to decrease with
increasing the number of laser pulses.
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