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Abstract

The advantage of using lasers for through silicon via (TSV) drilling is that they allow higher flexibility
during manufacturing because vacuums, lithography, and masks are not required; furthermore, the lasers
can be applied to metal and dielectric layers other than silicon. However, conventional nanosecond lasers
have disadvantages including that they can cause heat affection around the target area. In contrast, the use
of a picosecond laser enables the precise generation of TSVs with a smaller heat affected zone. In this
study, a comparison of the thermal and crystallographic defect around laser-drilled holes when using a
picosecond laser beam with varing a fluence and repetition rate was conducted. Notably, the higher
fluence and repetition rate picosecond laser process increased the experimentally recast layer, surface
debris, and dislocation around the hole better than the high fluence and repetition rate. These findings
suggest that even the picosecond laser has a heat accumulation effect under high fluence and short pulse
interval conditions. To eliminate these defects under the high speed process, the CDE (chemical
downstream etching) process was employed and it can prove the possibility to applicate to the TSV
industry.
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Fig. 3 Experimental setup for TSV process using a
picosecond laser.
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Fig. 4 Simulated results of temperature on silicon after
laser beam irradiation for Spulses as a followed
conditions (a) Pav: 0.65W, Ep: 6.5ul, F: 2.1J/cm2,
Rep.: 100kHz and (b) Pawe: 6.5W, Ep: 32.5ul, F:
10.31/cm’, Rep.: 200kHz at t,: 8ps, A: 515nm,
E: 5.8mJ.
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Fig. 5 SEM images of a drilled surface with the conditions
of and (a) Pae: 0.65W, E,: 6.5, F: 2J/em’, Rep.:
100kHz and (b) Pave: 6.5W, E;: 32.5u], F: 10.33/cn?’,
Rep.: 200kHz at t,: 8ps, A: 515nm, E;: 5.8ml.

Diffraction pattern

macro-scale micro-scae

.
| micro-sca Diffraction pattern

(b)

Fig. 6 TEM images and diffraction patterns of drilled
hole with the conditions of (a) Pae: 0.65W, Ej:
6.5u), F: 2J/cm2, Rep.: 100kHz and (b) Paye:
6.5W, E,: 32.5u), F: 10.3J/cm’, Rep.: 200kHz at
Tp: 8ps, A: 515nm, Ei 5.8ml.
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Fig. 8 The principles of CDE(chemical downstream etching).
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F:9.5)/cm?
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Fig. 9 FIB images of cross-sectional view of laser drilled
hole with the conditions of A: 343nm, t,: 8ps, Paw:
0.75W, E,: 7.5u], F: 9. 5J/em’, Rep.: 100kHz, Np:
100 and E: 750uJ.
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11 FIB images of cross-sectional view after CDE
process for 3minutes under the following gases:

NF;: 2000sccm, Ar: 500sccm, Na:

NO: 30sccm.
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Fig. 10 SEM images of cross-sectional view after CDE process with an increase of NO under the followed conditions:

NF;5: 2000scem, Ar: 500sccm and Na: 300sccm.
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Fig. 12 FIB images of cross-sectional view after electro-
plating in drilled hole by CDE and laser.
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Fig. 13 Images of surface after CMP and electro-plating
on drilled hole by CDE and laser.
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