J. KIEEME
Vol. 25, No. 5, pp. 345-348, May 2012
DOI: http://dx.doi.org/10.4313/JKEM.2012.25.5.345

SFe/0, E&t7t20] 2jet 22 dlojme EH HAXE §Y

1 2 1,a
Zoly, FMIP, pAR
Dedsta A e st

P EFANATY AR EA AT AE

Characterization of Surface Textured Silicon Substrates
by SF¢/O2 Gas Mixture

Min-Seok Kang', Sung-Jae Joo® and Sang-Mo Koo'
! Department of Electronic Materials Engineering, Kwangwoon University, Seoul 139-701, Korea
? Electrotechnology Research Institute, Power Semiconductor Research Group, Changwon 642-120, Korea

(Received March 23, 2012; Revised April 5, 2012; Accepted April 5, 2012)

Abstract: The optical losses associated with the reflectance of incident radiation are among the most
important factors limiting the efficiency of a solar cell. Therefore, photovoltaic cells normally require
special surface structures or materials, which can reduce reflectance. In this study, nano-scale textured
structures with anti-reflection properties were successfully formed on silicon. The surface of sicon wafer
was etched by the inductively coupled plasma process using the gaseous mixture of SFg + O We
demonstrate that the reflection characteristic has significantly reduced by ~0% compared with the flat
surface. As a result, the power efficiency Pmax of the nano—scale textured silicon solar cell were enhanced
up to 20%, which can be ascribed primarily to the improved light trapping in the proposed nano-—scale
texturing.

Keywords: Anti-reflection, Texturing, Reflection, ICP

1. M B 70~ 80%= ®ar¥al gt}
YA A ] B8 AaATIE addEs WA
B FAA (solar cel) 2AZH dRbA o=z ALgw  Wo] wialrlo] A7|= A EA d=HiEol A 9
= AAHd A5 T @¢ZEA (single crystal) @& Ao AAg o wE Ar|H £ A AHE
YA W §&L Eou =2 Ax wtE kel 9% &4 Fo] Utk HIHAAY] HHEES T
AL vl&S e SA7E A AA7EAS 717 g AAHo R gAY Hlo whte] e
Bddxe Axs fe 7ied g g5 @ g FIgH A4S Fole otk FTH &HE F
FE WFgog 2HE wFo Ayt HagPHo om0y 943 Wyozi= WA EE  (anti-reflective
Qom o= &M YAA (poly crystal) BlY¥H A  coating), B €2AH3 (texturing), A= & oy
of A7k &tel Wy vt [12] A4 A AHE 7 gdE7E BEdA seol vk [34] 1
2 HIFHAE 2R HFdA v Wsase]l T W "2y ¥HS 2WE A7 (etching)sto]
¥Hog Qrlele FS ¥8 (light trapping)sha

a. Corresponding author; smkoo@kw.ac.kr



346

o Bast: AZE FAHAYE AR BERA
E48 FANZ F Ab AAE AL A G
Ad FAe SN ANAZ WAl =A@}
561 71%e A4 AelE EWe F4472 ol
Agegt AT Ay Aezmdqe W o

2A7 side] FAEs} wol WolXsl ek
woQelA, e deldE wu AL 9
A A7ke] gz EehzuhE o &8 ICP
g7k vge] o

A S AFgEtE e, (i)
i)

w e

R o> o
SxE N
-4

st EM EIARE
(100) ®fgke] 391x
~30 Q-cmo|aL lf*
= 380 mmoltk. WA folH e FUES A A

A oHIE  ARE, FHEE ASad AYT HE

i__

Adatstat e AAS] S48 42k} BOE (G:De 5%
FEE SRl AA ],gar/}

AE2 dolde] HWS "aHdstr] sk =z
=ul A7F ZHjo| A SFeet 0.2 &3 7fAE ALE
el 348 s

a9 12 2 Al AREE ICP  (inductively

coupled plasma) ol % #wv|e MFxoly, HF= AF
Zel=ul= 2 MHz9F 1356 MHz9 RFF34 (radio
frequency)E Alb-&3te] RF A& $AAZITH 27+
T F2HL SFse F3F (20 sccm), oA AZF (14]
ZH, RF A= (30 W), 7}~ ¢# (30 mTorn)<S 14

Al713L, 029 FrEs 34 MR stda, 924 dd
<l O]ﬂ«] ¥ 9ALE (reflectance) 54 S FAMSHS
o Op F3Fd mE o FARAES % 19 YER
Atk

22 &3

T 19 ¥W A7 z7rom dxxgy gojye
xW Fxd 2 F8y 54& 457 fske] A
AA-74AFA B337] (UV/VIS/NIR  spectrometer,

AvaSpec-3648)5 AF-&3t3om, YALE o gt

J. KIEEME, Vol. 25, No. 5, pp. 345-348, May 2012: M.-S. Kang et al.

Mass flow controller

Gas Distribution

SF,

F*Plasma

(o] %
2MHz

ICP Generator

Sample Holder

He Cooling Gas Inlet

13.56 MHz
RF Source

Fig. 1. Schematic of the ICP-etching process system.

Table 1. Condition of the ICP-etching process using the

gaseous mixture of SFg + O,

Condition SFe (sccm) Oz (sccm)
a 20 2
b 20 8
c 20 14
d 20 20
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Fig. 2. Comparison of spectral reflectivity from 250 to
1,000 nm for different surface structures.
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Fig. 3. The surface morphology of representative

“as—manufactured” structures. (a) sample b and (b)

sample d.
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Fig. 4. Nano-scale textured silicon solar cell of

I-V characteristics and (b) power characteristics.
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