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Abstract: Crystalline silicon solar cells with SiN/SiNx and SiN/SiOx double layer anti-reflection coatings(ARC) were
studied in this paper. Optimizing passivation effect and optical properties of SiNy and SiOx layer deposited by PECVD
was performed prior to double layer application. When the refractive index (n) of silicon nitride was varied in range of
1.9~2.3, silicon wafer deposited with silicon nitride layer of 80 nm thickness and n= 2.2 showed the effective lifetime
of 1,370 wm Silicon nitride with n= 1.9 had the smallest extinction coefficient among these conditions. Silicon oxide
layer with 110 nm thickness and n= 1.46 showed the extinction coefficient spectrum near to zero in the 300~1,100 nm
region, similar to silicon nitride with n= 1.9. Thus silicon nitride with n= 1.9 and silicon oxide with n= 1.46 would be
proper as the upper ARC layer with low extinction coefficient, and silicon nitride with n=2.2 as the lower layer with
good passivation effect. As a result, the double layer AR coated silicon wafer showed lower surface reflection and so
more light absorption, compared with SiNx single layer. With the completed solar cell with SiNy/SiNx of n= 2.2/1.9
and SINYSIiOx of n= 2.2/1.46, the electrical characteristics was improved as AVe= 3.7 mV, AJe= 0.11 mA/cm’ and A
Vo= D.2 mV, AJse= 0.23 mA/cm, respectively. It led to the efficiency improvement as 0.1% and 0.23%.
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Fig. 1. Crystalline silicon solar cell deposited with three
different anti-reflection coatings : (a) SiNyx (b) SiNy/SiNy

(c) SiN,/SiOx.

Table 1. SiNyH process conditions deposited by RF
PECVD.

Working pressure (Torr) 1.0

Deposition temperature (°C) 400

RF power (W) 500
Refractive index SiHy (scem) NH; (sccm)

1.9 500

2.0 130

2.1 80 100

2.2 70

2.3 55

Table 2. SiOgx process conditions deposited by LF

PECVD.
Working pressure (Torr) 1.0
Deposition temperature (°C) 350
RF power (W) 300
gas flow Sitly 10
(scem) N,O 100
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- Monoc-Si, p-type, 156x156mm*

Doping
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Texturing
: KOH + IPA + DI Water
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Rear contact formation
: Al paste (Screen printing)

: Ag paste (Screen printing)

[ Front contact formation ]
[ Drying & Firing (Belt furnace) ]

Edge isolation (Laser)

Fig. 2. Crystalline silicon solar cell fabrication procedure.
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Table 3. Refractive index and weighted reflectance of
SiNy, SiNy/SiNy, and SiNy/SiOy—-deposited silicon wafer.

.. Weighted
Refractive index reflectance(%6)
SiNg 2.0 4.7
SiNy/SiNg 2.2/1.9 39
SiN/SiO 2.2/1.46 3.4
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Table 4. Electrical characteristics for the crystalline

silicon solar cells with various anti-reflection coatings.

Vnc Jsc FF ’]’}
(mV) (mA/en) (%) (%)
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