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Parametric Study of Picosecond Laser Hole Drilling for TSV

Dongsig Shin, Jeong Suh and Jengo Kim
Department of High Density Energy Beam Processing and System, KIMM

Abstract

Today, the most common process for generating Through Silicon Vias (TSVs) for 3D ICs is Deep
Reactive lon Etching (DRIE), which allows for high aspect ratio blind holes with low surface
roughness. However, the DRIE process requires a vacuum environment and the use of expensive
masks. ' The advantage of using lasers for TSV drilling is the higher flexibility they allow during
manufacturing, because neither vacuum nor lithography or masks are required and because lasers can

be applied even to metal and to dielectric layers other than silicon. However, conventional nanosecond
lasers have the disadvantage of causing heat affection around the target area. By contrast, the use of a
picosecond laser cnables the precise generation of TSVs with less heat affected zone. In this study,

we conducted a comparison of thermalization effects around laser-drilled holes when using a

picosecond laser set for a high pulse energy range and a low pulse energy range. Notably, the low
pulse energy picosecond laser process reduced the experimentally recast layer, surface debris and melts
around the hole better than the high pulse energy process.
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NOMENCLATURE

Pae = average power (B4-&¥)
Rep. = repetition rate (HAUHES)

Ep = pulse energy (Ao x])

Eu = total input energy (£ A])
F = fluence (OfHAUT)

N = wavelength (24

® = spot size (=HA7])
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Fig. 2 Comparison of heat affection by nangsecond laser
and ultrashort-pulsed laser processes.
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Fig. 3 Experimental setup for TSV process using a
picosecond laser.
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Fig. 4 TEM images of drilled hole using (a) picosecond
(Tp: 8ps, A: 515nm, Ep: 6.5u], Rep.: 200kHz and
Et: 5.8mJ) and (b) nanosecond pulse laser processes
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Fig. 8 SEM images of a drilled surface with the conditions
of (a) Pave: 6.5W, Ep: 32.5pJ, F: 10.3)/em’, Rep,:
200kHz and (b) Pave: 0.65W, Ep: 6.5u], F: 2J/cm
Rep.: 100kHz at tp: 8ps, A: 515nm, Ec: 5.8ml.
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Fig. 9 TEM images and diffraction patterns of drilled hole
with the conditions of (a) Pave: 6.5W, Ep: 32.5p],
F: 10.3)/cm’, Rep‘:ZZOOkHz and (b} Pave: 0.65W,
Ep: 6.51, F: 2Vem’, Rep.: 100kHz at 1p: 8ps, A:
515nm, Ev 5.8ml.
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