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Abstract: The objective of this study is to evaluate the thermal damage characterization of a silicon wafer subjected to
a CW laser beam. The variation in temperature and stress during laser beam irradiation has been predicted using a
three-dimensional numerical model. The simulation results indicate that the specimen might crack when a 93-W/cm®
laser beam is irradiated on the silicon wafer, and surface melting can occur when a 186-W/cm” laser beam is irradiated
on the silicon wafer. In experiments, straight cracks in the [110] direction were observed for a laser irradiance
exceeding 102 W/ecm?. Furthermore, surface melting was observed for a laser irradiance exceeding 140 W/cm®. The
irradiance for surface melting is less than that in the simulation results because multiple reflections and absorption of
the laser beam might occur on the surface cracks, increasing the absorbance of the laser beam.
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Fig. 1 Simulation model of the silicon subjected to CW
laser beam. The symbol 'A' denotes the heat
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each boundary, and the specimen dimensions are
given
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Table 1 Thermal and mechanical properties of silicon wafer depending on temperature
Temperature (°C) 20 220 420 620 820 1020 1220
Density (kg/m3) 2330.00 2325.58 2320.25 2314.50 2308.33 2301.17 2291.96
Thermal conductivity (W/(m-°C)) 152.57 77.12 51.67 36.28 28.02 24.50 22.74
Heat capacity (J/(kg-°C)) 706.96 833.39 878.86 911.15 936.00 958.24 977.94
Coefficient of thermal expansion (10%°C) 2.57 3.17 3.49 3.71 3.88 4.00 4.09
Young's modulus (GPa) 130.43 128.50 126.35 123.96 121.34 118.48 115.40
Poisson's ratio 0.2763 0.2762 0.2761 0.2760 0.2759 0.2758 0.2757
(@) ol 4 W xAMNT] FA4GH] wela Wol 2w
20 o oA SHe ARG, delA el B
AN . on Wier? b 25E WAEE Sl ts A vehdth
o af N\~ 102 Wicm* 535, dlol4 el 4wk 84 Wem® A, dlo] 4
& 60 So o ZAE FAA e &8 oF 110 MPa b4 F71H8EA
2wk N e 3,93 Wiem® & W), dol A A} S SHe
2 100 Sl - ok 140 MPa 744 Z7}atgich o] gk AHelE 9
& 20 ise] sl SAAEE Wi dow o3
a0 ~__ Wiem? ol ¢] dlolA Wo] EAAAE ) el
0246 s o 12 14 16 18 20 Aol e mwlel ol ‘%}‘3 AoE o dHt
Time [s] Fig. 3(b)= @lolA W A&7t 93 Wem® & 45
Aol A EAPATRO] 242 1,510,205 W] A
(b) 2 dols mwRolN x wFome SUREE
1 SO A T S W S A0lA W A Gl gl
20 \\ i ,/‘/7 = H3LE Fig 30l A AWE iz AR
T RO Zrel w}a} g¥e] Frekd. ¢ FEE el
S T A el A BEeh $AE FHE Uehg
8 1\ o ol @ 2 A oA Wel F3b
g \\/ o 4 A7) BEE AASAGoR g HE
140 - = 10s o]t}
-160 e Fig. 4@)= #lolA W Aol g dolA xA
cAs e Tz A FAHAAS 28 Wat A4 dAojelr). L W
e s el 2Apaziel Sl mekd Skeha
ig. imulation results for the radial stress variation: o] Sl == S ==
(a) at the center of the laser beam spot for laser S -‘:7]' =275 9 2 29 TS ‘/}E}lﬂ‘}i
beam 1rrad1ances of 84 W/em?®, 93 W/em® and ot} 53], dolA W A=) 84 Wem® d ul,
102 W/em® and (b) typlcal radial stress oA =% /\} ZA M e ok 548 TR Z=7}8)
distribution in the x direction on the surface of o1 — 2 o) o 2L ZA A o
silicon specimen subjected to 93 W/cm® laser AL, 93 W/em uf, o)A A TAH ]
irradiance for 1 s,5 s, 10 s and 20 s = 9k 670 T7HA] Z7}3kt) o] gk gutx o r
Z dezl A gl &84 1412 TORTG
3. 75t 24 silA 21} S 2R ggo] WASH B8 Aow dgd
tl.  Fig. 4(b)= @lol A FARA|Zbo] ZHZ} 1, 5, 10,
Fig. 3(a)= dlolA W 7o & golx xAF 20 s o o] A dojy £H

=

] yAS
FAAN A WA g g2 s4 Aol e

o ©

ar l'?_oﬂ}ﬂ X Hofso
2o LTS e R BE EF

[e]

=
—



CW oA FAbo] 93t 2

(a)
800 —
//
" - 4
= 600 — e S
(%) z
o P
o //
S 400 v
® /.7
@ s -
g'zoo RN --- - 84 Wicm®
o s - - -93Wicm’
/' ——102 Wicm®
0
0 2 4 6 8 10 12 14 16 18 20
Time [s]
(b) 700
ST
600 / \ -
= = = 10s
9 0 //\\ oS
© 400 LA
E 2R\
gsoo /1o
2 200 10N
g A AN
~ 100 = e S iy
Er sl - IR A g e
0
-5 3 2 4 0 1 2 3 4 5
x [em]

Fig. 4 Simulation results for the temperature: (a) at the
center of the laser beam spot for laser beam
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W/em?® and (b) typical temperature distribution
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Fig. 5 Simulation result for the temperature distribution
on silicon spemmen subjected to laser irradiance
of 186 W/cm® for 20 seconds
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