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Double Texturing of Glass Substrate and ZnO : Al Transparent Electrode Surfaces for
High Performance Thin Film Solar Cells

8

=

o

%*

(Dong-Won Kang)

Abstract - We studied surface texture-etching of glass substrate by using reactive ion etching process with various working
pressure (0.7~9.0 mT). With the increase in the pressure, a haze parameter, which means diffusive transmittance/total
transmittance, was increased in overall wavelength regions, as measured by spectrophotometer. Also, atomic force microscopy
(AFM) study also showed that the surface topography transformed from V-shaped, keen surface to U-shaped, flattened
surface, which is beneficial for nanocrystalline silicon semiconductor growth with suppressing defective crack formation. The
texture-etched ZnO:Al combined with textured glass exhibited pronounced haze properties that showed 60~90 % in overall
spectral wavelength regions. This promising optical properties of double textured, transparent conducting substrate can be
widely applied in silicon thin film photovoltaics and other optoelectronic devices.
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Fig. 1 (a)Anisotropic etching of Eagle XG glass substrates
using reactive ion etching (RIE) and (b) schematics
of RIE equipment used in this study
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Fig. 2 (a) Haze spectra of glass substrates texture-etched
with various working pressure, (b) haze variation at
the spectral wavelengths of 600 nm and 800 nm as
a function of the pressure
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Fig. 3 AFM surface topography images of surface textured
glass substrates processed at various working
pressures of (a) 1.5 mT, (b) 5.0 mT, (¢) 7.0 mT, and
(d 9.0 mT
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Fig. 4 Haze spectra of textured ZnO:Al trasparent electrodes
prepared on textured Eagle glass substrates that
etched under various pressure (1.5 mT, 7 mT)
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Fig. 5 AFM surface topography of textured ZnO:Al prepared
on textured glass substrate
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Device Definition

Glass

TCO_asahi_U

p_uc-Si
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n-a-Si
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T8 6 ASA AIEHOIHZ A nAZEE AzlE dhaeidd
A FE

Fig. 6 Structure of microcrystalline silicon thin film solar
cells designed by ASA (advanced semiconductor
analylsis) simulator

¥ 1 Flat EEj9] 713} textured HENQ] 7]FHoll A&NE
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Table 1 Output performances of the microcrystalline silicon
thin film solar cells with flat and textured
substrates simulated with ASA

Voc Jsc FF Efficiency
\%) (mA/cm? (%)
Flat 0.595 14.7 0.624 5.48
substrate
Textured
TCO 0.587 18.9 0.613 6.83
Double = gg 224 | 0604 825
texture

Fon eSS v FAE S4EOE 1 micronQZ AA
SIATE I8 7oA B HiQF Zo], 7]1E9] flat 7B 0|83
Ag mol tiHisto] ¥ 5olA dojR mH FES 71$o

haze gt& HHIsto] Algelold & HHERRe] & 540
7 LRt Utk E=5 58 54 ety gEol okle &
10] gzl=lof Atk daolx He Hieh Zo|, 3 £ 7

£ o|8si¥le W, ThE ueHe odl Zol & Wyt glal
Al9F ThebA & (short circuit current, Jo) #0] 18.9 mA/cmollA]
224 mA/cm*E 37 BE7eHe Ag A = AU ol ¢
AFZO] glass BH RESE xR0l OJaiA] mi IA Alghe]HA]
& E29 4ot soiktal, ojAo] stEE Hiul =4 oA &
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—0O— Glass+TCO double texture
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Current density (mA/cm?)
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Voltage (V)

39 7 Flat FejO] 718} glass texture HEjO] 7]¥ks o] g6t
Hpu} BjRRIOl ABEOIM B AR-EY 54 T4

Fig. 7 Current-voltage characteristics of simulated micro-
crystalline silicon solar cells with flat and textured

substrates.

o]

s

o
2 4

EFO2 FLHA IARFRY FNOZ ooFES
RATE Ol8 Soto] HAEd A o

6.38%0IA 8.25%= Z7Hflat
548%)8 + A2 & Aok

it
=
= =
O
7C:]>T'\:‘

=
(2T
o
Hu
oo
i f;ii
e
15 foli

4.4 8

2 dFoME HgZoldA B axE 4 2l s |
ATlE BigERIONM, A7 E0UME 588 A fAE
= geer fu 7w 89 2AE 388 A ®H A
A Els

o]
A

n

gde JdoiRinh &d ol A4 3d FgHIE olgsto] T
=d 2"l we AZE R 71E9 Zety 54 3 AFM #
W oA BAS SolAl deviced S88 5 JA=SE &3}t 1t
ol IHEULE. 0.7 mTAA 9 mT7HR] J3 0] HIHEHA]
LAY si4] HIh 7159 haze o]l Matd theola &7t
stRlom, 5H & FHoM HEH UIIEE WA smooth
otal et 7112 Holde gleiltt. ols niAdd dElE
WAl B9 Eutznt B3 Al 28 dde 1 5 e O
S HigEgh 271 & SRlelRinh Alzte [el 71welo) &
= B 3¥ RSk Zn0:Al B8 F=g Adcke S8 Sol
A, B8 ds 718 AAEQ BEoA E7rg o, A Zehy ut
g iYolA 60~90 %2] Hie Pt haze S8 SHSINALL
018 7Nx= AMzE 7|B& ASA AlEHodE FAsIHCeH, §
H 2Agt Sde g HHESEArt me & IER gde
SoiA 529 712 olojde BIsil ol g% nAEd
Ar|E HEEi A e ot e ZaxtolA V1A 5
g B gotE A 5de BT BEAYE VIR 84 VIes

gy ojgd + Utk



(1]

(2]

References

B. Cai, X. Li, Y. Zhang and B. Jia, Significant light
absorption enhancement in silicon thin film tandem
solar cells with metallic nanoparticles, Nanotechnology,
Vol. 27, pp. 195401, 2016.

F. J. Haug, T. Séderstrom, M. Python, V. Terrazzoni-
Daudrix, X. Niquille, C. Ballif, Development of micro-
morph tandem solar cells on flexible low-cost plastic
substrates, Sol. Energ. Mat. Sol. C., Vol. 93, pp. 884-887,
2009.

[3] X. X. Zheng, X. D. Zhang, S. S. Yang, S. Z. Xu, C. C. Wei,

(4]

(5]

(6]

(7]

Y. Zhao, Effect of the n/p tunnel junction on the
performance of a-Si:H/a-Si:H/uc-Si:H triple-junction
solar cells, Sol. Energ. Mat. Sol. C., Vol. 101, pp. 15-21,
2012

K.  Sriprapha, C. Piromjit, A. Limmanee, .
Sritharathikhun, Development of thin film amorphous
silicon oxide/microcrystalline silicon double-junction
solar cells and their temperature dependence, Sol. Energ.
Mat. Sol. C,, Vol. 95, pp. 115-118, 2011.

B. Yan, G. Yue, L. Sivec, J. Yang, S. Guha, C.S-. Jiang,
Innovative dual function nc-SiOx:H layer leading to a
16% efficient multi-junction thin-film silicon solar cell,
Appl. Phys. Lett.,, Vol. 99, pp. 113512, 2011.

L. Wei, X. Donglin, W. Huifang, Z. Xiujian, Hydrogenated
nanocrystalline silicon thin film prepared by RF-PECVD
at high pressure, J. Non. Cryst. Solids Vol. 356,1pp. 44-
49, 2010.

J. Sritharathikhun, F. Jiang, S. Miyajima, A. Yamada, M.
Konagai, Optimization of p-Type Hydrogenated Micro-
crystalline Silicon Oxide Window Layer for High-
Efficiency Crystalline Silicon Heterojunction Solar Cells,
Jpn. J. Appl. Phys., Vol. 48, pp. 101603, 2009.

[8] S. Fernandez, O. De Abril, F.B. Naranjo, J.J. Gandia, High

[9]

quality textured ZnO: Al surfaces obtained by a
two-step wet-chemical etching method for applications
in thin film silicon solar cells, Sol. Energ. Mat. Sol. C.,
Vol. 95, pp. 2281-2286, 2011.

J. Muller, B. Rech, J. Springer, M. Vanecek, TCO and
light trapping in silicon thin film solar cells, Sol. Energ.,
Vol. 77, pp. 917-930, 2004.

[10] X. Li, T. Abe, and M. Esashi, Deep reactive ion etching

of Pyrex glass using SFs plasma, Sensors Actuat. A
Phys., Vol. 87, pp. 139-145, 2001.

Trans. KIEE. Vol. 66, No. 8, AUG, 2017

Z 5 ¥ (Dong-Won Kang)
1983 9€ 29948 2007 AeUistu
712 &Y. 20139 Aeuisty ek
JIAFE ISR EY (ZeHEAD. 20158~
A FFisha sigZoluRgstat Ras
E-mail : kang@cju.ac.kr

FBL‘ rZi a}

1235





