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Abstract: n-type silicon shows the better tolerance towards metal impurities with a higher minority carrier lifetime compared
to p-type silicon substrate. Due to better lifetime stability as compared to p-type during illumination made the photovoltaic
community to switch toward n-type wafers for high efficiency silicon solar cells. We fabricated the front electrode of the
n-type solar cell with AgAl paste. The electrodes characteristics of the AgAl paste depend on the contact junction depth
that is closely related to the firing temperature. Metal contact depth with p+ emitter, with optimized depth is important as
it influence the resistance. In this study, we optimize the firing condition for the effective formation of the metal depth by
varying the firing condition. The firing was carried out at temperatures below 670°C with low contact depth and high
contact resistance. It was noted that the contact resistance was reduced with the increase of firing temperature. The contact
resistance of 5.99 mQcn’ was shown for the optimum firing temperature of 865°C. Over 900 C, contact junction is bonded
to the Si through the emitter, resulting the contact resistance to shunt. we obtained photovoltaic parameter such as fill
factor of 76.68%, short-circuit current of 40.2 mA/cm’, open-circuit voltage of 620 mV and convert efficiency of 19.11%.
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Table 1. Screen printer settings.

Model name MT-550TV
Squeegee Pressure (MPa) 0.200
Squeegee Speed (mm/sec) 60
Scrubber Pressure (MPa) 0.100
Scrubber Speed (mm/sec) 40
Snap off Distance (mm) 1.25

Table 2. High
specific contact resistivity.

temperature firing condition for obtaining

Firing Condition

Set Temperature (C) Belt speed
Zonel Zone2 Zone3 Zone4 (IPM)
1 545 670 570 400 80
2 545 735 570 400 90
3 545 800 570 400 100
4 545 865 570 400 110
5 545 930 570 400 1203
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Table 3. Specific contact resistivity, as temperature and belt
speed varied in various firing conditions.

oFd 5

Experiment result

Tem(l’og';““‘re 670 735 800 865 930
Contact
resistivity 181.82 13.70 15.28 5.99 26.23
(chmz)
IPM 80 90 100 110 120
Contact
resistivity 9.36 8.71 7.26 5.99 14.78
(mQcm?)
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Fig. 1. Component atomic ratio at various firing temperatures.
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Fig. 2. Component weight ratio at various firing temperatures.

Fig. 3. FE-SEM
substrate surface at various firing temperatures. (a) 660°C, (b)
735°C, (c) 800°C, (d) 865°C, and (e) 930°C.
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Fig. 4. 1-V characteristic of c-Si solar cell. The fabracation of
c-Si solar cell were applied optimal firing condition.
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