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Single Crystalline Silicon Solar Cells with High Efficiency of 23.5%
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High-efficiency single crystalline silicon solar cells
were technically developed as an indispensable element to
develop a high-efficiency photovoltaic system in the
future. Two technical elements to raise the efficiency of
the cells were adopted: Backside partial heterojunction
fabricated through the deposition of a u c-Si:H film on a
thermal oxide with partially etched micro-windows; low-
temperature diffusion of phosphorus in fabricating an n*p
junction. These elements were revealed to improve the
collection of minority carriers at the back side and the front
side, respectively. Through these developments, a high
efficiency of 23.5% was obtained for a5 x 5 cm? cell.
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Fig. 1 Schematic configuration of high-efficiency solar cell
with p c-Si/c-Si heterojunction at the back side.
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Table 1 Depositing condition off c-Si:H films.
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Fig. 2  Front contact pattern of square short path collector
(SSPCQ).
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Influence of annealing temperature on the solar cell
properties for the cell with local heterojunctiom (1
SiO, & p c-Si:H) and the cell with whole-area
heterojunctione p c-Si:H).
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Fig. 4 Change of the spectral response through annealing.
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Fig. 5 Influence of annealing temperature on the resistivity

of the g1 ¢-Si:H film.
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Fig. 6 Detected hydrogen ion current through thermal

desorption formu c-Si:H film.
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Fig. 7 Internal quantum effciency at short wavelength with 2

different diffusion temperature.
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Table 2 Temperature dependence of phosphorus diffusion on

cell properties.

oooo Jsc Voc FF Eff
oodo OmA/cm?0 O mvOd 0 %0
800 40.3 695 0.779 21.8
850 40.2 679 0.784 21.4
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Date No :
NTRP1B2R-01

Sample No 1
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TECI04-3,43.6(ap)/25(dadem2,LPSS
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Pmax 586.5 mW
Ipmax 9€6.7 mA
1° Vpmax S84.4 wV
F.F. 82.3 %
€f¢ DA 23,5 =z
Eff AP 13.5
DTemp. 25.8 °C
MTemp. 25.@8 °C
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43 Mirr. 108.8 mH/cm2
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Fig. 8 |-V characteristics of high-efficiency using local

heterojunction at back side.
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