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Study on Experimental Selection of Parameters in Laser Scattering
Mechanism and Analysis of Laser Scattering Patterns in Solar Cell Wafer

Gyung-Bum Kim'

T Aeronautical & Mechanical Design Engineering, Chungju National University

ABSTRACT

In this paper, a laser scattering mechanism are designed to detect micro defects such as dent, scratch, pinhole, etc. Its
influential parameters are experimentally selected and scattering patterns of micro defects have been analyzed for silicon
wafer in solar cell. As a result of experiments, scattered lights are rather increased in wafer surface with micro defects,
in comparison to no micro ones. Scattering parameters are optimally selected for obtaining robust and high quality laser
scattering images of micro defects. It is shown that scattered light components are linearly increased according to the

increase of micro defect sizes, and the depth of micro-defects give a large influence on optical deflection.
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Fig. 1. Laser scattering inspection mechanism.

Table 1. Specifications of laser scattering mechanism.

List Specification

Basler A631f

Resolution: 1392x1040

Pixel size: 4.65 umx=4.65 um
Frame rate: 17fps

Pixel resolution: 8bit

Video output type: IEEE 1394

50mm CCTV
Close-up ring

SNF Laser
636.6nm

CCD Camera

Lens

Stockeryale
Wavelength:
Shape: spot

Laser

Polarization filter

Filter ND filter

DCT linear pulse motor
Repeatability

Open loop: £ 5 um
Close loop: 2 pm

Ajinextek SMC2V030

Matrox Solios

Motor

Motion controller

Frame grabber

gean) S AMSEt 2EH AeS AA A T, o
et WA HolRqbeke] AY S 3] Fl3
7hH 2} -9 ZH(azimuth angle, ¢,)S XEFS 7|02
+907HA] 77 7FssHAl stiet. 7hilet #917te] &4
)& 9a) FlEte] 7hol= E-Z(guide block)s} Hl o]
2= 28| 0] X (base stage)?] T4 52 ¥ vl(rotation
ban)= AA3IAL, o] F2 Y] AFE Zhe v &
£ Wlo]lx ZHo|A] o 7hEste] 35 wet FF o)A
33tk Wol& ZHo]R| ¢} FiH|2} E59] npaEe
70 Z29 #o] 3 (cam flower bearing)S F-2t3}e] nf
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Table 2. Specifications of silicon wafer in solar cell.

Item Unit Specification
Resistivity Q—cm 0.5 ~3.0
Lifetime 7 (min) 10
g?):::(;?ltration Atoms/cm? (max) 0.5E+18
82z§::tration Atoms/cm? (max) 0.5E+18
Etch pit density ea/cm’ (max) 3000
Thickness Hm 180 ~ 220
Wafer length mm 155.5 ~ 156.5
Diagonal mm 199.0 ~ 201.0
TTV pm (max) 50
Warpage pm (max) 70
Bow ©m (max) 60
Saw mark depth um (max) 20

(a) Original image (b) Micro defect image

Fig. 2. Laser scattering images.
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Table 3. Selected factors and levels.

Level

1 2 3

Control factor

A. Viewing angle of camera 10 20 30
B. Viewing angle of camera 40 50 60

C. Incident angle of laser 75 80 85
D. F-number 1.8 4 1.8
E. Polarization angle 0 45 90
F. Azimuth angle 0 45 0

Table 4. Orthogonal array for selecting optimum scattering
parameters in silicon wafer.

Inner array
SN
No. G ;
AB | C D E F ratio
H
1 10| 75| 1.8 0 0 44.99
2| 10| 80 4] 45| 45 -21.06
31 10] & | 1.8 90 0 -21.06
41 20| 75| 1.8 | 45| 45 -21.06
51 20| 80 41 90 0 -21.06
6 20| 8 | 1.8 0 0 33.82
71 30| 75 4 0 0 34.32
8| 30| 8 | 1.8 | 45 0 23.52
9 30| & | 1.8 | 90 | 45 -21.06
10| 40| 75| 1.8 | 90 | 45 -21.06
11 40| 80| 1.8 | 45 0 26.74
12| 40| 85 4 0 0 27.69
13 50| 75 41 90 0 -21.06
14| 50| 80 | 1.8 0| 45 -12.04
15| 50| 8 | 1.8 | 45 0 7.95
16 | 60 | 75| 1.8 | 45 0 26.44
17| 60| 80 | 1.8 | 90 0 -18.06
18 | 60 | 85 4 0 45 -21.06
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Fig. 3. ANOVA graph for selection optimum conditions.
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Fig. 4. Optimum laser scattering images of micro defects.
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