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Pyramid and Half-Sphere Type of Surface Texturing for Si-Solar Cell

Dae-Seong Pyo!, Jun-Hwan Jo!, Pyo-Hwan Hong!, Jong-Hyun Lee!, Bonghwan Kim2, and Chan-Seob Cho3-*

Abstract

In this paper, we found surface shapes are affected by several parameters of RIE, such as RF power, pressure, temp, and process times.
The reflectance of pyramid and half sphere structures show differences among shapes, size, height, and depth of those structures. We
made about 1/m pyramid and half sphere shapes of silicon surface with RIE. For comparing the reflectance, pyramid and half sphere
structures are fabricated with same height. Pyramid structure cell shows higher cell efficiency of 12.5% by 1.1% than one of half sphere
structure of 11.4%. The light absorption is more increased through the pyramid structure than half sphere structure.
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Fig. 1. Used metal-mesh of RIE systems.

RIE process condition (metal-mesh using)

SFefOz2 = 15 : 15 sccm, RF power 200 W
Pressure 200 mTorr, Temperature 5 °C, Time 15 min

1. Pressure: 100, 150, 200 (mTorr)
2. Process time : 5, 10, 15, 20 (min)
Y 3. RF power : 100, 200, 300 (W)

4. Temperature : 5, 10, 15, 20 (°C)

RIE process condition

SFe/O2 = 20 : 30 scecm, RF power 300 W
Pressure 100 mTorr, Temperature 10 °C, Time 15 min

1. Pressure: 100, 150, 200 (mTorr)
2. Process time : 5, 10, 15, 20 (min)
3. RF power : 100, 200, 300, 400 (W)

4. Temperature : 5, 10, 15, 20 (°Q)

Fig. 2. RIE experiment condition for pyramid and half sphere
structures.
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Fig. 3. Process flow chart of single crystalline silicon solar cell; (a)
Pyramid structure and (b) half sphere sturecture.
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Fig. 4. Vertical process of single crystalline silicon solar cell; (a)
Pyramid structure and (b) Half sphere structure.
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Fig. 5. Changed pressure of pyramid and half sphere structure.
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Fig. 6. SEM with the surface of pyramid structure; (a) Pyramid
structure 45° and (b) pyramid structure 90°
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Fig. 7. SEM with the surface of half sphere structure; (a) Half
sphere structure 45°A and (b) half sphere structure 90 °A.
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Fig. 8. Same size of pyramid and half sphere structures about
surface SEM pictures; (a) Pyramid structure and (b) half
sphere structure.
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Table 1. Efficiency of single crystalline silicon solar cell

Result Result

Items (Pyramid) (Halfsphere) Unit
vVOoC 0.54 0.54 \%
ISC 125.82 115.51 mA
JSC 35.98 33.03 mA/cm?
Fill Factor  64.38 64.31 %
Imax 106.71 97.68 mA
Vmax 0.41 0.40 \Y%
Pmax 43.76 39.92 mW
Efficiency  12.51 11.42 %

4, 4=

2 =BoA RIES ol45te] ©2% A2l 7|3 9] g)2})
Eob g 728 FAot] B AlEE "R 5o of
3t GG vlAEA) Selsi, Hafole 229 44 wahs
o] 37|18 =374 A1) Yall RIE WEo] Metal-meshE A2ka}

97 ¥4 729 4$ RIEY sfelolgel %a FAZRF A

g

o, 34 29 getvg WA AEE Bl BE Ao 71 ¢
o] FYs A7 2= st vty R AR} F EAS
v wa}7] §I3) vt SARES Zhe mjeju| E9f Bhy 129 A
2E AFech E3 44 AREE AR AuE gEdA Y
FdEAL A-g3le] 2x2 ar AR A&sle] 22l Zolet A7)
Q1 EAE H|watqict 2 E Hlwsly] ¢35t mehn| s o) Al
FRE 12.51%, HHEE TRE 11.49%0) AR wehu|s 127}
1.09% t© w2 382 Q=00 Hta g2 v st vy

T27} 64.3% FUH SHHAIL 0| AL wjetn]=oh i
29| a8 2jol= R, ¢S AlSH I, 10.3 mA, I, 2.9 mA/er?, S22
sjghn| = F27} 97 Frn £ o B dAE 415}
EAOR st Ffetu]E 20| A P& FHohe el
[SEETRNEEIEERS R HOMXI“P RIES |83}
223 3AG A 7|9e] 749 BFHH mu|s 3

% FAA AZE H?SJ '35 B4 340 4

i
El

foh BN 2 e 7
JﬂH”M:I_F_

#Alel 2

2oL

R i

T= 32708
(SA113540)9] A

oA Adsle Fa71971a"lAR
Y02 QI ArEdE

dJ. Sensor Sci. & Tech. Vol. 22, No. 6, 2013



dJ. Sensor Sci. & Tech. Vol. 22, No. 6, 2013

1601

REFERENCES

[1] J. S. Lee and G. H. Kim, “Solar cell engineering”,
pp. 22-28, 2007.

[2]H. O. Jumg, “Improvement of silicon solar cell
efficiency according to pyramid structure and anti-
reflection coating process condition”, Master’s
Thesis, Kyungbook National University, Daegu,
Korea, 2013.

[3]1Y. Inomate, K. Fukui, and K. Shirasawa, ‘Surface
texturing of large area multi crystalline silicon solar
cells using reactive ion etching method”, Solar
Energy Materials and Solar Cell, Vol. 48, pp. 237-
242,1997.

[4]H. F. W. Dekkers, F. Duerinckx, J. Szlufcik, and J.
NI1JS, “Silicon surface texturing by reactive ion
etching”, Opto-electronics review, Vol. 8 pp. 311-
316, 2000.

[5S]1V.Y. Yerokhov, R. Hezel, M. Lipinski, R. Ciach, H.

—438-

Dae-Seong Pyo - Jun-Hwan Jo - Pyo-Hwan Hong - Jong-Hyun Lee - Bonghwan Kim - Chan-Seob Cho

Nagel, A. Mylyanych, and P. Panek, “Cost-effective
methods of texturing for silicon solar cells”, Solar
Energy Materials & Solar Cells, Vol. 72, pp. 291-
298, 2002.

[6] T. Juvonen, J. Harkonen, and P. Kuivalainen, “High
efficiency single crystalline silocon solar cells”,
Physica Scripta, Vol. T101, pp.96-98, 2002.

[7]1B. O. Cho, J. H. Ryu, S. W. Hwang, G. R. Lee, and
S. H. Moon, “Direct pattern etching for
micromachining applications without the use of a
resist mask”, J. Vac. Sci Technol. B, Vol. 18, pp.
2769-2773, 2000.

[81G. Y. Yeum, “Plasma etching technique”, pp. 249-
264, 2006.

[91J.S. Yoo, I. O. Parm, U. Gangopadhyay, K. H. Kim,
S. K. Dhungel, D. Mangalaraj, and J. S. Yi, “Black
silicon layer formation for application in solar cells”,
Solar Energy Materials & Solar Cells, Vol. 90, pp.
3085-3093, 2006.



