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Abstract The simulation program for solar cells, PC1D, was briefly reviewed and the device modeling of a
multicrystalline Si solar cell using the program was carried out to understand the internal operating principles.
The effects of design parameters on the light absorption and the quantum efficiency were investigated and
strategies to reduce carrier recombination, such as back surface field and surface passivation, were also
characterized with the numerical simulation. In every step of the process, efficiency improvements for the key
performance characteristics of the model device were determined and compared with the properties of the solar
cell, whose efficiency (20.3%) has been confirmed as the highest in multicrystalline Si devices. In this
simulation work, it was found that the conversion efficiency of the prototype model (13.6%) can be increased
up to 20.7% after the optimization of design parameters.
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DEVICE Device Schematic

Device area: 100 cm?

Front surface texture depth: 3 pm

No surface charge

Exterior Front Reflectance: 10%

No Exterior Rear Reflectance

Internal optical reflectance enabled
Front surface optically rough

Emitter contact enabled

Base contact: 0.015 Q

Internal conductor: 0.3 S
REGION 1

Thickness: 300 pm

Material from si.mat
Carrier mobilities from internal model
Dielectric constant: 11.9

Fig. 1. PCID parameter view window for Pvcell.prm.
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Table 1. Default values of parameters in Pvcell.prm

parameter characteristics and values
substrate p-type Si, thickness 300 um
base doping 1.513e+16/cm’, resistivity 1Q + cm

n-type diffusion layer

peak doping 2.87e+20/cm’(erfc profile)*
sheet resistance 50 €)/sq.

diffusion length =139 um,

minority carrier lifetime =7.2 ps

front emitter

bulk

recombination
front surface =1 x 10°cm/s
rear surface =1 x 10° cm/s

surface
recombination

external front (10%)
reflectance internal front (75-92% diffuse)”
rear (70% specular)
... . base 0.015 Q
par.asmc senes emitter 1.e-6 Q
resistance shunt conductance =0.3 S

*complementary error function
® first bounce = 75%, subsequent bounce = 92%
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Table 2. Simulation results on characteristic properties of
multicrystalline Si solar cells.

Jse Ve a&

Ak’ mv) T (%)

best multicrystalline Si ¥ 37.7 664 809 203
default Model 31.8 592 722 136
+front design * 33.6 593 71.5 143
+L, =300 um 347 601  71.1 149
+BSF ° 36.0 606 717 158
(for L, =139 pm) (34.0)  (395) (713) (14.5)
+passivation® 37.5 628 724 171
+optimize n" doping® 37.9 637 726 175
+minimize R, & Ry’ 38.1 639 805 196
+high quality base’ 37.6 663 812 203
+back reflector 90% 38.4 663 81.2 20.7

extemal front reﬂectlon (10— 5%)

p+ doping (le+19/cm®) of 5 um (uniform profile)

“at front surface =1 x 10° cm/s, at rear= 1 x 10?cm/s
dpeak doping (1e+20/cm®), junction depth (0.3 pm), sheet
resistance (114 Q/sq.)
“series resistance (0.015 — 0.005 Q), shunt conductance (0.3
— 0.01 S)
100 pm thick base with resistivity of 0.6 Q - cm

100 -
0 —— ™
300 600 900 1200
Wawelength (nm)
(b)

Fig. 2. Performance of the default solar cell model; (a) IV curve and (b) quantum efficiencies.
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3.1 Front surface design
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3.3 Back surface field (BSF)
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Fig. 3. Effect of BSF on the cumulative recombination velocity
of solar cell at short circuit condition.
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Fig. 4. Surface passivation effects on the internal quantum
efficiency.
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junction depth, and (b) sheet resistance according to the emitter doping (junction depth =0.3 um).
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Table 3. Typical values of parasitic resistances.”
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