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Table 1. Performance of mc—Si solar cell with RIE textured surface.

Position of cell  Cell area (mm®)  Efficiency [%] Ve [V]  Jo [mA/em’]  FF [%]  Reeies [mQ] R [Q]
Total 156156 10.1 0.50 29.6 67.6 7 10
Left 30%90 10.6 0.50 31.6 67.5 80 101
Left middle 30%90 8.8 0.46 29.2 65.0 60 88
Center 30%90 8.1 0.45 28.2 64.5 36 66
Right middle 30%90 9.1 0.47 29.4 65.9 49 76
Right 30%90 10.7 0.52 30.6 67.9 90 113

skl 38ks] %] 20(3), 2011 229



1 e e A i R 1| EAXCA AP

-
1071

Aok 7] ks FRIsh] flste] el A] SR
dlof| 7]Hkste] #arEd [15]0] AlAlE WHO 2 shunt A
3} series A3HE 3

215139} Shunt A& series A3t
o 247} 15.6x15.6 cm” BlFAA = 10 Q 3 7x107°
O]QIL 3x9 em” YA 27k B FAA ol M= Tl A
66 Q3 36x107 Q, 7FgAt2lel A= theF 100~ 110 Q 3}
80~90x107° Q& zH= Ao g EAEQT) BjUFHA] ol A
series A2 SR 9] AL FFgo] dsd J7
WG Sl YIS HX|7] witl 16%E1H Saes gt
8 =1~3x107"
H]LskH 10~ 309) 7‘3‘; 5 74_E HelA o
3 AFo] wig- B Zo® SME 4 ol tlEo]
shunt A& 3|2 AFAre] F7)d] QS ujzlo
A mo&wm 97} gEo] 7] A Sl ¥
S QAARA] e EH"WXH 100 Q the} H]
g uj vAhSVM oRF e AR uEA pni e g
gk o= eyt 53] Sl HlsHH PR R AR
2 2% ol ago] T7IEE 9L 95%0lA 97%= A
H FEE7 1.8 psollA 2.6 us®E oA Al
o] &S ek Yo® 2E3ATE 36 mQ oA 90
mQ o7 5714 series A2 AAXQ a8 A5IA|7]
v YRle® ekt HYHA AAEALS YERE
FF#kE F9o] 64.5% 7F3AI7F 68%= wlAlstA T 714
B Y1 series Age] Lol M FAA1 Jekhr)
shunt #&-2] 7HH°1] A?ﬂ :%Vicﬂ 3 ‘o 1 T Euﬂ &%6‘

mT

El

HA3P} o) FolAA] g2 Afolli= dalenbate] Y=o
EATe] S Zrhdel wE AARES] T4
oA S FEET 12~ 15% ol adhs 24
AN Aoz Ak 1 9 RIETHNA e widd
I 39 FER Qg B v F P4} ARCHE
A SRR QI3 7 B o] HgdAe] FA5

Spectral response (%)

0
40 500 600 700 800 900 1000 1100
Wavelength (nm)

Figure 6. External quantum efficiency for 5 measure—
ment positions.

Aol J3ES m)x)= Ao oA} QabE = 7} b}
olo] G oJ3f A A4 T
s vl el grgase

=)
2
o
i,

o

: do

o2 i

o

o £

=

U

N

_m]l O

AR

01' i 4,

Ho ok

3N

g 2oy U
oox o
@ o fo i
o 2 I K oX
fo [0 o my &

HolFa Q) Oﬂ sk e} o]
2 edgedl| A HaL

o
o
02 Wor?,
X

].

2 et 4 el ool
5% A5 e ATE UERIT 53] 7Aool A
9% Lehilch tistel 103

E
hl
A A EE %"o‘ l‘ﬁzoﬂfﬂ 44 ﬂl‘%"kﬂi <

& AL T FES TU edged] 3 }Oﬂ OHDLE}
= FREES UElE Btk o] d 2RSS
d & uf RIE texturingS 483k @& thaA A
T HFHA G SiM e T2e] 1] AT o
w7t A O] B2 texturing 3AFAY] FA3 Ao

1&1} EA HA W e 4
&

FD

Tk wheba] di=f 10%1144
aspect ratio’} theF 1~1.5 A=l J‘f{‘%’i:rsz} HAY
o2 o)

a;
B
Y
o
o
i
o,
)
@, N o ol

Journal of the Korean Vacuum Society 20(3), 2011



Zefznp7dk ¥ Texturing 3740l o} b2
Iv. 2 &
A WARES B3R BW texturing 378°] T3 o
2340 dolstel o

<
T

3 Aol wheh WAL, AEent
A 2 aHTE BAS

A2 15.6x15.6 cm” A WA FAEA T Bl &
2 ¥3shs 3x9 em’® Avhe ejokdA e w2
to] FHHATaEo| FFS vA =
2} AT E AT A 310~1,100 nm
o WAHEo] 4% EHO]J— A glols el AA
% H2]o] $1x]el W Pt
7]”«] RIE texturing 74
o] zfoli= HpE FHAFEE] 2
A5 ZlojA gk eE e *‘7}01] 71818}
AT ARC T&o 2 H S 1%0= 4S Wold
Aoz BAMEQom FAlof RIE texturingel| W #H
As+e] passivation &2} olu|E = Aol o3
Bt g2 2nf o) SUhEE Ao R gtk Al
kAol fixol W FH
8%, W% edge’} 10%H9] &&8 B3O
9%t TS Bol A3t

2N 8FE AL texturing &4

0

ox o

442)

jQ
4
ﬁoﬂ,_l?.:
o o

o,

ro,
= o to

o

H: A,:L o i
®

<
LT

center F--0|

ooua

HeE s

T o rlo o
o oo
>
Jb
lo

—

=
st ete RIE s 4219 AlolE Fal ARkl
]X v

o] F83] 71 FY texture %

Lo
i
_ﬁ

B Az 20004 AN FAR, @
@%@@ma»agﬂwﬂ%@q:%aamw
_]

1t

S

R

\_

st 2ela]#] 20(3), 2011

U dlolv] EUBAI HPAA FASA A7
Ema]

[1] S. Narayanan, Sol. Energy Mater. Sol. Cells 74,
107 (2002).

[2] A. Goetzberger, C. Hebling, and H. W. Schock,
Mater. Sci. Eng. R 40, 1 (2003).

olAd, Y, olFAl, HYHX HE (TeHtE
AL A, 2005) pp. 281-285, pp. 358-365.

J. S. Yoo, I. O. Parm, U. Gangopadhyay, K. H.
Kim, S. K. Dhungel, D. Mangalaraj, and J. S. Yi,
Sol. Energy Mater. Sol. Cells 90, 3085 (2006).

[5] H. F. W. Dekkers, F. Duerinckx, J. Szlufcik, and
J. Nijs, Opto-electron. rev. 8, 311 (2000).

[6] G.Kumaravelu, M. M. Alkaisi, A. Bittar, D. Macdonald,
and J. Zhao, Curr. Appl. phys. 4, 108 (2004).

[71 M. S. Yun, D. H. Hyun, B. J. Jin, J. Y. Choi, J.
S. Kim, H. D. Kang, J. Yi, and G. C. Kwon, J.
Korean Vacuum Soc. 19, 114 (2010).

[8] I. G. Park, M. S. Yun, D. H. Hyun, B .J. Jin, J.
Y. Choi, J. S. Kim, H. D. Kang, and G. C. Kwon,
J. Korean Vacuum Soc. 19, 314 (2010).

[9] G. H. Kennedy, Vacuum Technology (Prentice-Hall,
New York, 2005) pp. 88-105.

[10] Y. Inomata, K. Fukui, and K. Shirasawa, Sol. Energy
Mater. Sol. Cells 48, 237 (1997).

[11] Saleem H. Zaidi, SAND2000-0919, Sandia contact

#BE-8229, April 2000.

K. S Lee, M. H. Ha, J. H. Kim, and J. W. Jeong,

Sol. Energy Mater. Sol. Cells 95, 66 (2011).

G. Kumaravelu, M. M. Alkaisi, D. Macdonald, J.
Zdao, B. Rong, and A. Bittar, Sol. Energy Mater.

Sol. Cells 87, 99 (2005).

E. J. Teo, M. Alkaisi, A. A. Bettiol, T. Osipowicz,

J. V. Kan, F. Watt, and A. Markwitz, Nucl. Instrum.

Meth. in Phys. Res. B 190, 339 (2002).

M. Gloeckler, DEVICE PHYSICS of Cu(In,Ga)Se2

THIN-FILM SOLAR CELLS, Ph.D DISSCERTA-

TION, Colorado State University, June, 2005.

[3]

[4]

[12]

[13]

[14]

[15]

231



< Research Paper> Journal of the Korean Vacuum Society Vol.20 No.3, May 2011, pp.225~232

Investigation on the Electrical Characteristics of mc—S1 Wafer
and Solar Cell with a Textured Surface by RIE

Kwang Mook Park®, Jee Hee Jung®, So Ik Bae®, Si Young Choi®, and Myoung Bok Lee®™

“KyungPook National University, Daegu 702-701
"MillinetSolar Co. Ltd., Daegu 704-947
‘Nano Convergence Practical Application Center, Daegu 704-801

(Received January 5, 2011, Revised April 27, 2011, Accepted May 2, 2011)

Reactive ion etching (RIE) technique for maskless surface texturing of mc-silicon solar
wafers has been applied and succeed in fabricating a grass-like black-silicon with an average
reflectance of 4+1% in a wavelength range of 300~1,200 nm. In order to investigate the
optimized texturing conditions for mass production of high quantum efficiency solar cell,
Surface characteristics such as the spatial distribution of average reflectance, micrscopic
surface morphology and minority carrier lifetime were monitored for samples from
saw-damaged 15.6x15.6 cm” bare wafer to key-processed wafers as well as the mec-Si solar
cells. We observed that RIE textured wafers reveal lower average reflectance along from
center to edges by 1% and referred the origin to the non-uniform surface structures with
a depth of 2 times deeper and half-maximum width of 3 times. Samples with anti-reflection
coating after forming emitter layer also revealed longer minority carrier lifetime by 40%
for the edge compared to wafer center due to size effects. As results, me-Si solar cells with
RIE-textured surface also revealed higher efficiency by 2% and better external quantum
efficiency by 15% for edge positions with higher height.
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