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Process on ethanol assisted laser ablation dicing of silicon wafer

Tian Wentao, Liu Weicheng, Sun Xuhui, Zheng Hongyu, Wang Zhiwen®
(School of Mechanical Engineering, Shandong University of Technology, Zibo 255000, China)

Abstract: In order to reduce the thermal effect of laser dicing of silicon wafer, deionized water was used as
assistant liquid to dice the silicon wafer. However, bubbles was induced during laser ablation and led to adverse
effects on surface of silicon underwater dicing. Ethanol was mixed into deionized water to decrease the number of
bubbles adhering on the surface of silicon which generated during the underwater laser dicing process. The impact
of laser parameters and ethanol concentration on dicing quality were analyzed. The results of experiment show
that the usage of ethanol as the assistant medium can decrease the number of bubbles adhering on the surface of
silicon and alleviate the negative effect of bubble collapse. The kerf width decreases by 20% and the area of
affected zone decreases by more than 50% when diced in an ethanol concentration of 5 wt.% compared to when
diced in pure water. The dicing quality is improved effectively.
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Fig.l Schematic diagram of laser dicing system
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Tab.1 Parameters of laser dicing process
Group Auxiliary medium Frequency/kHz Scanning speed/mm-s " Cut surface Thickness of silicon wafer/pum
A Deionized water 10-50 1-3 Polished surface 200
B Ethanol solution 30 1 Polished surface 200
C Ethanol solution 30 1 Non-polished surface 200
D Ethanol solution 30 1 Polished surface 400

Ablated zone 1

|

Kerf width

Ablated zone 2 100 pm

Pl 2 4850, beih XA L

Fig.2 Definition of kerf width and ablated zone
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Fig.3 Definition of affected zone width
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Fig.4 Change trend of dicing silicon under pure water. (a) Change trend of kerf width vs speed and frequency; (b) Change trend of ablated zone vs speed

and frequency

Cut through

WELATING eI T

K5 RERE RTIIESR

Fig.5 Optical image of the grooves on the rear side of silicon
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Fig.6 Surface of silicon diced under water. (a) Silicon surface impacted
by bubbles collapse; (b) Enlarged optical image of area B; (c) The
first enlarged optical image of area A; (d) The second enlarged

optical image of area A
I K T WO6 U #1452 6k R, b E 6b) by
Kl 6(a) B X3RRI, [ 6(c). &l 6(d) A&l 6(a)

oA IR SRR . AT LK R ok b, b4k
RRFIIT = A T O AN 2 FL 7 R 2548, HLRRAIR T i
B, W RE RS SR TERE
22 ZESHBhEIE

SBIRE TR B X e i [5R 2% TE10 5 JO o F) 5
B 2 52 50045 ke o (B 50 R AN ()R 2 1) & Tt i o v
o0, BOGE IR E A 30 kHz, YIHI 3 S
K lmm/s. & 7(a)~E 7(d) ZrIXF R LA A 0 wt. %
2 wt.%. 3.5 wt.%. 5 wt.% BF Ay VB 0 . LI AP,
aliK O ) E S ARk i 2R iE 2 B BN 7(a) iR
M Z | RFRR RS Bt . DRI, A IR,
B it PR 2 T, A A I V) N 5t . TR A R
RO RIS . & 7(b)~E 7(d) FT s, BEE
VR B P 5 v, R 45 503 B B0 RV R 0 2>
A X A 7(a) 518 7(d) B KB OB N S
wit. %o Hif 171 ) 2 TS B A4 A7t B0 AR VAT & 25 /0 1
2K R Y E) B9 FE T, O H 2 B Bh D)5 2 A<

P 7 e LB ORISR R IR L. (2) 0wt.%; (b) 2 wt.%;
(c) 3.5 wt.%; (d) 5 wt.%

Fig.7 Bubbles adhering on the surface of the silicon diced in different
ethanol-water mixtures with ethanol in water of 0 wt.% (a), 2 wt.%

(b), 3.5 wt.% (c), 5 wt.% (d)
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Fig.8 Optical images of front surface diced in different ethanol-water
mixtures with ethanol in water of 0 wt.% (a), 2 wt.% (b), 3.5 wt.%

(©), 5 Wt.% (d)
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Fig.9 Optical images of rear surface diced in different ethanol-water
mixtures with ethanol in water of 0 wt.% (a), 2 wt.% (b), 3.5 wt.%

(c), 5 wt.% (d)
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Fig.10 Change trend of dicing silicon in ethanol solution. (a) Cut width (characterized by 'Kerf width + affected zone width') of polished surface of silicon

vs ethanol concentration; (b) Cut width of non-polished surface of silicon vs vs ethanol concentration
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Fig.11 Morphology of rear surface diced with different ethanol

concentrations. (a) 0 wt.%; (b) 2 wt.%

K 12 A CESRE TUTEERIRE DCETES. (a) 0 wt.%; (b) 2 wt.%
Fig.12 Optical images of polished-surface of silicon diced with different

ethanol concentrations. (a) 0 wt.%; (b) 2 wt.%
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Fig.13 Lateral side view of silicon diced with different ethanol

concentrations. (a) 0 wt.%; (b) 2 wt.%; (c) 3.5 wt.%; (d) 5 wt.%
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Under ethanol solution
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