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Abstract The a-Si:H/c-Si hetero-junction (HJ) solar cells have a variety of advantages in efficiency and fabrication processes.
It has already demonstrated about 23% in R&D scale and more than 20% in commercial production. In order to further reduce
the fabrication cost of HJ solar cells, fabrication processes should be simplified more than conventional methods which
accompany separate processes of front and rear sides of the cells. In this study, we propose a simultaneous deposition of intrinsic
thin a-Si:H layers on both sides of a wafer by dual hot wire CVD (HWVCD). In this system, wafers are located between
tantalum wires, and a-Si:H layers are simultaneously deposited on both sides of the wafer. By using this scheme, we can reduce
the process steps and time and improve the efficiency of HJ solar cells by removing surface contamination of the wafers. We
achieved about 16% efficiency in HJ solar cells incorporating intrinsic a-Si:H buffers by dual HWCVD and p/n layers by

PECVD.
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solar cell, heterojunction, hot-Wire CVD, passivation, co-deposition.
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Fig. 1. (a) Schematic drawing of dual hot wire chemical vapor
deposition system and (b) Photograph of chamber inside.
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Fig. 2. (a) Cross section structure of a-Si:H/c-Si hetero-junction
solar cells and (b) process sequence investigated in this study.
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Table 1. Deposition conditions of a-Si:H thin-films by dual HWCVD.
H, SiH, B,Hs P, T¢ tg
(sccm) (sccm) (sccm) (mTorr) (°C) (sec)
Top i a-Si:H 25 10 10 1730~1750 30~90
p a-Si:H 20 5 3 10 1730~1750 30~90
bottom i a-Si:H 25 10 10 1730~1750 30~90
n a-Si:H 20 5 5 10 1730~1750 30~90
Table 2. Deposition conditions of p- and n-type a-Si:H layers by PECVD.
H, SiH, B,Hg PH; rf power P, tq
(sccm) (sccm) (scem) (sccm) (W) (mTorr) (sec)
p a-Si:H 10 6 3 - 6 300 30~90
n a-Si:H 10 6 - 5 6 300 30~90
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Table 3. Material properties of intrinsic a-Si:H prepared at top and bottom chamber.

Dep. Rate (A/sec) Eg (ev) Dark conductivity (S/cm) Photo conductivity (S/cm)  Photo sensitivity
Top (HT-01) 2.5 2.02 1x10™ 1x6° 1x10°
Bottom (HT-02) 2.15 1.82 1x107% 9% 107 9x10*
Table 4. Effective minority carrier lifetime as function of passivation schemes. (unit: psec at 1 x 10"%em™)
i/wafer/i as deposited i/wafer/i annealed p/i/water/i/n ITO/p/i/wafer/i/n/ITO
Top (HT-01) 40 38 60
Bottom (HT-02) 150 110 150
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Fig. 3. (a) lluminated I-V curves, (b) dark I-V and (¢) EQE of HT-

01 and HT-02 HJ solar cells.
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Table S. Comparisons of sequential and simultaneous deposition of i a-Si:H.

. MCLT (usec)
Thickness (nm) Eg (eV) . . . ) . )
i/wafer/i p/i/wafer/i/n ITO/p/i/wafter/i/n/ITO
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HT 03. op 4.4 28.2 60.5
(sequential) bottom 4.62 1.857
. T 6.10 1.823
. HT-04 op 24.1 26.6 55.2
(simultaneous) bottom 5.90 1.787
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