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Solar Cell Characterization

> Need for characterization
- How they operate
- Engineering them to be better ™ @ Jmi;! Ranun v

> Parameters
- Open circuit voltage, Vg

Equivalent circuit

- - - ? (0. Jsc) (Vmees Iviep)
- Short circuit density, Jg- 20
. Fill factor, FF e
- Series resistance, Rq 0 Voc..0)

0 0.1 0.2 03 yv 04 0.5 0.6

- Dark sat. current density, J, 1V characteristics Solar simulator
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»>Variation of parameters over surface
- ldentify, decouple and quantify losses; better design; quantifying variation and process Control2 @h

UCF




Luminescence Imaging

> Key features

- 808 nm laser

« 920 nm filter, IMP CCD camera
» Luminescence measurement

- PL.: optical excitation

- EL.: electrical excitation

- Biased PL.: optical + electrical

Luminescence measurement
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> Key equations
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- B: background, C: calibration constant
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Ref: M. Glatthaar et al., Appl. Phys., 108, 1 (2010), T. Trupke et al., Appl. Phys. Lett., 90, 093506-1 (2007), Hallam et al., Appl. Phys., 115, 044901(2014)




Identifying and Quantifying Losses
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Terminal connected diode model
- Combination of parallel diodes Wi % 30000

- Local parameters are different |!=|,.|~' gl 25000
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High Speed Quantum Efficiency Imaging

> EQE and R measurement (FlashQE)
- EQE and Reflectance (R)
- Point by point scanning

 Discrete wavelengths
« 365 nmto 1280 nm
« Integrated sphere

_ 1280 mm EQE() £ SN,
foc =€ f365 nm g QE(A)d)in(/D aA IQE(/D B 1—R FlashQE (for EQE and R measurement)
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Ref: M.J. Hossain et al., WCPEC-7 (2018), E. J. Schneller et al., IEEE J.PV, 7, 4, (2017)
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High Speed Quantum Efficiency Imaging (cont...)

mA/cm? mA/cm?
> EQE measurement |
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Incorporation of Jqc ,, with PL

V mA/cm?
Vierm — V = ny Jo- —xy * €XDP V _]ph—xy 0 800
T i 345 L
30 600
> Spatially resolved Jq
. Auniform Jg. is normally used in literature . o :
- Concerns about accuracy with Jg-123 o [ )
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Incorporation of Jo. ,, with PL: R4

Cell Rg=0.2 Qcm?
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> Incorporation of Jgc ., does not change Rq distribution much
Using Jq. Is safe - With n=1.3, distribution widens, mode being unchanged 8 gqj




Incorporation of Jgc,, With PL: J,

Cell J,= 3.39 x 10-1° A/cm?
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« Using Jg is safe - Recombination shifts to higher value with n=1.3 (practical diode) gq,
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Incorporation of Jgc ,, with PL: Efficiency (J-V curve fitting)
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> Incorporation of Js. ., changes efficiency distribution drastically
- Using Jscxy Is better . n=1.3 provides reduced efficiency 10 gqj




Conclusion and Acknowledgement

»Parameter images are important
e Decoupling losses and finding their root causes
« Making better performing solar cells

»Incorporation of Jgc ., with PL
* More accurate representation of parameter images
« Not so much impact on Rq and J, but big impact on efficiency images
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Solar Cell Structure
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