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Study on Analysis of Optical Deflection of Laser Scattering Based
on Rayleigh Criterion for Crystalline Silicon Wafer in Solar Cell

Gyung-Bum Kim'

fAeronautical & Mechanical Design Engineering, Chungju National University

ABSTRACT

In this paper, optical deflection of laser scattering has been investigated based on Rayleigh criterion for crystalline silicon
wafer in solar cell. A laser scattering mechanism is newly designed using light scattering properties in silicon wafer.
Intensity distributions of laser scattering are different, depending on the incident angle of laser computed from Rayleigh
criterion. In case of the incident angle satisfied with the criterion, they are asymmetric. Also, their specular reflection
angle is shifted to unpredicted ones. These phenomena are in accordance with previous theories of laser scattering. The
optical deflection of laser scattering is experimentally identified with the designed laser scattering mechanism. Its
mathematical model is presented from the geometric relationship of laser scattering. It is shown that the optical deflection
of laser scattering agree with the presented model, exclusive of grazing angles which is satisfied with Rayleigh criterion.
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Fig. 1. Manufacturing system of solar cell.

(b) 3D AFM image

(a) A bare silicon wafer

Fig. 2. Mono-crystalline silicon wafer.

WA Y 2~E Y 0] 7]483] %] A 9d A4Z, 2010

S HoJ3F= AFM (atomic force microscope) =74 4
oltt, BE A4t 9 7 22 7IAV R Sele
7184 (machined lay)e] @4 = o] 7I4<] E4& W
23l 3 e AT e sie] gAY 23,
27y 34 o A AZE dolH £ 45, 7t
AT & 5Ho] YERHA] %= ehdgh g ER o]
P =] 7]l ol FHA 5% F4kehg HES
B 17F AR 2 Aol I THS,6].
718FerA 1 A ol A, WhARE ] 71818H WAL
242 QAR #e] BALZE (irradiance)ol] th3l WEALE
Fe] BALZEE (radiance)2] H]Z A 9] F&= FHEF WA
& B ¥3<=(BRDF; bidirectional reflectance distribution
function)Z L 548 HAF 4= 7). 3k vkAL
& HETF JAAES
WA 22, Y 53 2 B
AT T $olA
9] mjolAR o]
ojxY ¥H HHE
A1 o] FEA7|=
A e Fe| 9x
3z AAE 7
7] Atole] 718l A, YrEe] BARRES) A
o) Holxitege] o] Helshs & & Uk
oo} Zo] WALE R oA dojute #Ho]| A phekg
S TN EWA A=, ARRge] e v
FeHa1Ql mlo]a® o] AujzQl ks ol
o] JAMk(incident angle)oll w2} o] A Akt
= e o A I K S R s s = e o

(viewing angle) B3 vjl-¢- S8k &

3

1
o
N
a3
T
o
1o
o,
>,
B
3
1

ol & N ox

2L ob
v

2

1o,

a

3. |o[X{£tete| EEHEF 24

3.1. glo| Xkt HAHLIE HA|

A A dols BHoA YeRt= ol A4t
& e o] B8 ol 7] Y3l Fig 33 2] 7|E
AT[5.8915 EHE oA viAUSE AMEA
AAlst] AAE ST A AEFE A B
Alz="g A g3t dAe B3l THIF o Z Sk
A ot 4 A 33, FEoEe AR
o] 738}al 636.6nme] HFE Zh= 23 (spot) FEC]
StockeryaleAF2] SNF # o] A & A&} ). 278l A]
312kt ukel 7o) glolx ] YArzt 2kehgg &St
E 7hdlate] #dzte] Foslng 71 7Re 99} 0,5
FEEUAL 7E R HdErES USRS £90°7t

A o] 7hssA sFvk T3 vhFe el )



Bl FAAE 24 A dolsolX e dderlE 719 ol Akeke] FH F4 ol

gk A 33

r

Fig. 3. Laser scattering mechanism.
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Table 1. Surface roughness of silicon wafer.
Wafer No. Rq(pm) Ra(pm) Rz(pm)

1 0.300 0.239 2.083

2 0.259 0.206 1.695

3 0.273 0.213 2.987

4 0.256 0.201 2.079

5 0.254 0.200 1.912

6 0.243 0.196 1.750

7 0.294 0.232 1.969

8 0.281 0.226 1.578

9 0.246 0.191 2.150

10 0.267 0.212 2.925

Mean 0.267 0.212 2.113
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Fig. 4. Laser scattering images according to the change of viewing angle.
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Fig. 5. Distributions of laser scattering intensity according to the change of viewing angle.
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