Sustainable Energy T #F4288YR, 2015, 5(4), 33-41 Hans X
Published Online August 2015 in Hans. http://www.hanspub.org/journal/se
http://dx.doi.org/10.12677/se.2015.54005

Theoretical Design of Optimum Thickness
for Polycrystalline Thick Film Silicon Solar
Cells

Kai Hel, Nuofu Chen?’, Fandi Kong!, Yiming Bail, Xiaoye Mou?, Bo Yang?!, Quanli Taol,
Haiyang He?, Xinyi Chen?, Jikun Chen2

IState Key Laboratory of Alternate Electrical Power System with Renewable Energy Source, School of
Renewable Energy, North China Electric Power University, Beijing

’Changzhou Yingnuo Energy Technology Co., Ltd., Changzhou Jiangsu

Email: *nfchen@ncepu.edu.cn

Received: Jul. 17", 2015; accepted: Jul. 31%, 2015; published: Aug. 4™, 2015

Copyright © 2015 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

The crystalline silicon solar cells are the most mature, most stable and most widely used photoe-
lectric converters in the world. At present, the thickness of crystalline silicon solar cells is gener-
ally about 200 pm, and this thickness is not the best for the photoelectric conversion efficiency. In
this paper, the thickness of crystalline silicon solar cells is theoretically analyzed from two aspects
of the minority carrier diffusion as well as the incident light absorption. The optimum thickness of
the crystalline silicon solar cells is 49 pm. In the future, the development trend of crystalline sili-
con solar cells is the crystalline silicon thick film structure with thickness of about 49 pm.
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Figure 1. The process comparison between thick film polysilicon and conventional silicon wafer [4]
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Figure 2. 300 K, the mobility of electron and hole change with the doping density
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Figure 3. The relationship between the incident light absorption and thickness
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Figure 4. Relationship between wavelength and absorption coefficient
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Table 1. The changes of wavelength and intensity of radiation [14]

= 1 PREEKXE R R EL[14]

ANi (nm) Ai (nm) Wi N;
0.295-0.40 0.374 0.0267 1.4358
0.40-0.43 0.416 0.0275 1.4293
0.43-0.45 0.441 0.0244 1.4252
0.45-0.47 0.46 0.0291 1.4231
0.47-0.49 0.48 0.032 1.4104
0.49 - 0.51 0.5 0.0327 1.419
0.51-0.53 0.52 0.0323 1.4176
0.53-0.55 0.54 0.0322 1.417
0.55-0.57 0.56 0.0319 1.4151
0.57-0.60 0.585 0.0473 1.414
0.60 - 0.63 0.615 0.0473 1.4122
0.63 - 0.66 0.645 0.0475 1.411
0.66 - 0.69 0.675 0.0456 1.4098
0.69-0.73 0.709 0.0537 1.4083
0.73-0.78 0.753 0.0591 1.4071
0.78-0.83 0.804 0.0562 1.406
0.83-0.89 0.857 0.0623 1.4045
0.89-0.99 0.953 0.0606 1.4022
0.99 - 1.06 1.024 0.0565 1.4011
1.06-1.21 1.129 0.0621 1.3998
1.21-1.52 1.274 0.0649 1.3983
1.52-2.20 1.642 0.0681 1.3962

Table 2. The relationship between Wavelength and intensity of radiation
i 2 RKRXEEAEEEXR

P X [H] (um) HE (wim?) P X [8] (um) @ AHE (wim?)
0.295-0.40 26.7 0.66 - 0.69 45.6
0.40-0.43 2715 0.69-0.73 53.7
0.43 - 0.45 24.4 0.73-0.78 59.1
0.45-0.47 29.1 0.78-0.83 56.2
0.47 - 0.49 32 0.83-0.89 62.3
0.49-0.51 32.7 0.89 - 0.99 60.6
0.51-0.53 323 0.99 - 1.06 56.5
0.53-0.55 32.2 1.06-1.21 62.1
0.55-0.57 31.9 1.21-1.52 64.9
0.57 - 0.60 47.3 1.52-2.20 68.1
0.60 - 0.63 47.3 0.66 - 0.69 45.6




50.: "
40—- /
- /
20-_ /

10 - -

radiation (w/m°)

0 —n—n

T T T T T T T T
0.49-0.51 0.55-0.57 0.63-0.66 0.73-0.78  0.89-0.99

wavelength (um)

Figure 5. The illumination intensity when the thickness is 1 um
5. BEX 1 um RS IREE

100
90
80
70
60

FAXERE (%) S0
40

30

20 \

10

0

W*—"—‘—‘

0 20 40 60 80 100 120 140 160 180 200

FEREERE (BAL: um)

Figure 6. Relationship between incident light and thickness
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