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Abstract

Laser trepanning drilling of 200 pm-diameter through-holes in 300 um thick silicon wafer was investigated
using a 1028 nm femtosecond laser. Emphasis was placed on the optimization of hole shape using process
parameters, such as pulse overlap ratio, pulse-to-pulse time interval, beam polarization, and focal position.
This study showed that a low pulse overlap ratio (10%) with a moderate scan number decreases the differ-
ence between the top and bottom aperture diameters. Furthermore, a large pulse-to-pulse time interval was
found to reduce the thermal effect. A circularly-polarized beam that was focused at the bottom wafer surface

produced hole apertures that were closest to circles.
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Table 1 Time interval between pulses according to scan-
ning speed and repetition rate

Scanning speed Repetition rate | Time interval between
(mm/s) (kHz) pulses (ms)

50 1.18 0.83

100 2.35 0.43

150 3.48 0.29
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Fig. 2 Ratio of top and bottom hole diameter with differ-
ent pulse overlap ratios and scan numbers
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Fig. 3 Top and bottom aperture diameters versus the
number of scans for different pulse overlap ratios
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Fig. 4 SEM images of the top surface holes fabricated
with a pulse overlap ratio of 10% and a scanning
speed of (a) 50, (b) 100, (c¢) 150 mm/s using a
linearly polarized beam
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Fig. 5 Hole cross-section images corresponding to Fig.
4(a), (b), and (c). (from left to right)
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Fig. 6 SEM images of the top surface holes fabricated
with a pulse overlap ratio of 10% and a scanning
speed of (a) 50, (b) 100, (c) 150 mm/s using a
circularly-polarized beam
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Fig. 7 Difference between major and minor axes of top
hole apertures obtained with and without a circu-
lar polarizer
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223



189794

2= olx=
T URe] 2

B

Foll &9 Ak Sl
F5e] Aozt 7.%_3% geg ¢ 9o

e Mo 50,
100, 150 mm/s4 Aﬂ TR SER ZE 7HEelE W,
239 A wheh Al iRt ofi e Fof
%3} o] Aol Z4ste] Fig. 9l AT <
71 Aol Sl 2HE SESls W A2 Aol
™, o] ofgided] 24& SIS W Fe Ao
o e AAE NEoR %S W B9 33 4
ol ol FH& ol 54 Avelth. Fig. 9914 &

f
A
o}i
Zi
ro
E
=]
e
(e}
N, ol
rjg
ofl
r\:

1}
A& F 9I%o], o] 2HE UE ASole It
Eo BAgle] A TR S 45 F Uee
& otk Al 7 S A HEA R A
Lo &, o Aole 2.5 melx it B9 Ae=

1.5 m=Z A9 Yo 77k dAS 7
Fig. 10 A% Feje} 2o ] Wl wpe} 7}

O Surface focus
O Bottom focus
240 v T v T

N [38)
[3%) (%)
f=) (=]
T T
o
—iEa—
1 1

[
(=]
T

Top hole |

Hole diameter (xm)
[3~]
(=3
[=}

—_
O
(=]
T
1

%
(=1
T
O
H—El—
—OHEH
1

50 100 . 150
Scanning speed (mm/s)

Fig. 9 Major and minor axis lengths of the drilled holes
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