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WHAT A SOLAR CELL IS ?
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[Fig. 1- Overview of a photovoltaic power distribution system]
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LIGHT CONCENTRATOR
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COMPARISION STUDY

classification | Efficiency | Area | Voc | Jsc Fi(%) | description
(%) (em"2) |(v)  |ma/em"2
Silicon 25.0 4.00ap |0.706 |42.7 82.8 | Sandia-99
Ga-as(thm) |27.6 0.998ap | 1.107 |29.6 3.1 Nrel-11
CIGS 19.6 0.99ap | 0.713 |34.8 792 | Nrel-09
Cd-Te 12.5 35.03ap |0.338 |21.2 70.5 | Nrel-10
di-sensitize | 9.9 17.11ap|0.719 |194 714 | Ast-10
Organic 8.3 1.031ap|0.816 |1446 |702  |Nrel-11
polymer
Organic 8.3 1.087ap|1.733 |8.03 59.5 | Fhg-ise-10
2cell tandem
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Efficiency vs. cost
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Ref: [1] B. Rand, P. Peumans and R. Forrest, Journal of Appl.Physics 96, p.7519, 2004.

om the Proceedings of the 2014 COMSOL Conference in Bangalore 12/16/2014



EQUIVALENT CIRCUIT

series resistance Current

NN >
Rg A
shunt
HEH

ng of the 2014 COMSOL Conference in Bangalore  12/16/2014




SOLAR CELL PARAMETERS

- Short-Circuit Current
- Open-Circuit Voltage

- Fill factor

- Efficiency

gbfrom the Proceedings of the 2014 COMSOL Conference in Bangalore 12/16/2014




IV CHARACTERISTICS

IV curve of the solar cell

\ The short circuit current, lg¢,

is the maximum current from a
solar cell and occurs when the
voltage across the device is
Zero.

Current

Power from
the solar cell

Voltage

m the Proceedings of the 2014 COMSOL Conference in Bangalore 12/16/2014

10



FILL FACTOR
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NORMALIZED DEPTH VS ENERGY
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DIODE SATURATION CURRENT VS. BANDGAP
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EFFECT OF TEMPERATURE
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Model of p-i-n solar cell
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STUDY

)/ Study 1
' Light

Variables: E

Study 2 \2
Electrostatics at

equilibrium Vi =0
Variables: ¢,

E used for
calculation of

generation term G

‘ ¢, Initial conditions for

Study 3:
* Electrostatics with Vg, >0
* Transport of dil. species

Variables: ¢, n, p 3

Ref: Dr. Samuele Lilliu, Masdar Inst. Of Sc. & Tech.
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WAVELENGTH VS GENERATION RATE

. e
Line Graph: Generation rate [Sze, no multiple reflections] (1/(m“*s))
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VARIATION OF WAVELENGTH
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VARIATION OF SURFACE POTENTIAL
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SURFACE CONCENTRATION
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CONCENTRATION IN 1
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DOPING PROFILE
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VOLTAGE SWEEP

Electric potential (W)
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CONCLUSION

» Varying doping profile inside the device
» Change of refractive index of Si with thickness

» Deviation of actual generation term “G” from the generation
predicted by Beer-Lambert.

» Change of concentration of electrons and holes inside the

device under illumination condition

» How wavelength changes inside the device
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FUTURE SCOPE & CHALLENGES

» This model is a basic heterojunction structure.
» Study of advanced devices like multijunction solar cell.

» After modeling multijunction solar cell optimizations can be

carried out for various parameters.

» In the current model, we have given the irradiance to be
1000[w/mAZ2].
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MULTUJUNCTION SOLAR CELL
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LIGHT AT THE END OF THE TUNNEL

» High efficiency
> Low cost

> Small size

» Less heat

» Light weight
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