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Photovoltaics (PV)
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Outline

 Fundamental Equations

e Key Outputs

* Advantages of using COMSOL Multiphysics
e Challenges, Tips, and Tricks
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Fundamental Equations

Semiconductor Physics
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Dependent Variables: @ — electrostatic potential
n — electron concentration
p — hole concentration



Fundamental Equations
Optical Physics
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Fundamental Equations
Optical Physics — Solar Spectrum

Intensity (W/m~™2)
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Key Outputs

Current-Voltage Characteristics (Voltage Sweep)
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Independent Variables
1. Light Intensity
2. Temperature
3. Voltage Bias

Key Metrics

1. Efficiency

2. Open-circuit voltage
3. Short-circuit current
4. Fill factor



QE (%)

Key Outputs

Quantum Efficiency (Light Frequency Sweep)
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Quantum Efficiency:

1. Efficiency of converting photons
to electrons

2. Depends on light wavelength



Capacitance (nF/cm™2)

Key Outputs

Capacitance-Voltage Characteristics (Voltage Sweep — Small Signal Analysis)

Capacitance-Voltage:
1. Provides information on charge
distribution
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V (V)



Unified Platform: COMSOL Multiphysics®

Semiconductor
e Multi-physics
e Multi-dimensional
Thermal » 2D, 3D, time-dependent capabilities
e Multi-scale
» Micro-diodes to modules
e Customizable equations
e LiveLink® with MatLab®

Optical
(Electrodynamics)

lon Transport Customized Physics,

(reaction-diffusion) Defect Kinetics, others...



ulti-dimensional

D and 3D design features

Al Sio,

S. Jeong, M. D. McGehee, Y. Cui, Nat. Comm. 4, 2950 (2013).

Z. Fan et. al. Nature Materials 8, 648 - 653 (2009)
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Multi-dimensional

Grain Boundary Effects
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Multi-physic
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Time Dependence and Custom Physics
Studying Device Degradation
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Nardone, M., & Albin, D. S. (2015). Degradation of CdTe Solar Cells: Simulation and Experiment. Photovoltaics, IEEE Journal of, 5(3), 962-967.
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Multi-Scale Modeling
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Challenges, Tips, and Tricks

 Ramp up dopant and defect concentrations

e Solve equilibrium problem first with segregated solver
e Sometimes helps to use coarse mesh first, then refine
e Ramp up light intensity

e Solar spectrum split into 54 chunks
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Bonus Slides



Semiconductor Parameters

Device Sn02/CdS/CdTe baseline’
CONTACTS

Front Back
dp[eV] Gpn=0.1 Gpp =04
Se [em/s] 1.00E+07 1.00E+07
Sh [em/s] 1.00E+07 1.00E+07
Reflectivity Rf 0.1 0.8

LAYERS

Sn02 Ccds CdTe
W [nm] 500 25 4000
e/e0 9 10 9.4
e [cm2/V/s] 100 100 320
uh [cm2/V/s] 25 25 40
NA [cm-3] 0 0 2.00E+14
ND [cm-3] 1.00E+17 1.10E+18 0
Eg[eV] 3.6 2.4 1.5
NC [cm-3] 2.20E+18 2.20E+18 8.00E+17
NV [cm-3] 1.80E+19 1.80E+19 1.80E+19
x [eV] 4.0 4.0 3.9
AEc [eV] 0.00 -0.10
AEv [eV]

DEFECTS (Gaussian)

Npg [cm-3] 1.00E+15 0.00E+00 2.00E+14
Nag [cm-3] 0 1.00E+18 0
EA mid-gap
ED mid-gap mid-gap
WG [eV] 0.1 0.1 0.1
G, [cm2] 1.00E-12 1.00E-17 1.00E-12

o}, [cm2]

1.00E-15 1.00E-12 1.00E-15




Cell and Module Modeling
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