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Perovskite-based solar cells (PSCs): 

impressive performance 

• single junction 26.7% 

• perovskite/perovskite tandem 30.1% 

• perovskite/Si tandem 34.6% 
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Background and motivation
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https://www.nrel.gov/pv/interactive-cell-efficiency.html
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Background and motivation
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Scalability challenge: performance drop 

significantly when scale up

https://www.doi.org/10.1021/acsami.8b12463

Perovskite-based solar cells (PSCs): 

impressive performance 

Stability challenge: outdoor degradation 

rate ~ 20%/year 

https://www.doi.org/10.1038/s41586-023-06610-7

Commercialize

PSCs 

Overcome these 
challenges

Figure out 
reasons 
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Background and motivation
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Heterogeneity in perovskite solar cells

https://doi.org/10.1021/acsenergylett.1c02338https://doi.org/10.1038/s41578-019-0125-0

Performance Stability

A method for visualizing the effects of 

heterogeneity in PSCs is crucial.
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Background and motivation
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Open-circuit mode: reflect absorber 

quality only

Other layers also important: charge 

extraction, carrier transport

Further development for understanding 

the effect of other layers  

Photoluminescence Imaging (PLi)

 Fast, Spatial Resolve

Absorber

Interphase

ETL

Substrate

HTL

Electrode

Local 

performance
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Methodology
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PL based method

PCE, RS, charge-transfer efficiency 

Their correlations

Voltage-dependent PLi(s) 

Absolute calibration

IPL = SF x f(SR, A, E) x ex p
𝐕𝐢𝐧𝐭

vT

Solar cells diode equation

J = Jsc − J0 × exp
𝐕𝐢𝐧𝐭

nidvt
− 1

Method validation

J-V: global PCE

Pseudo-J-V and J-V: global RS

Lesson learned

• Injection-dependent Rs

• Voltage-independent carrier

• PLVoc-PCE relation

https://doi.org /10.1007/BF00323895
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• PL images at Voc and Vmpp

• Heterogeneity features distributed 

across the device at both Voc and 

Vmpp

• Uniform at Voc: good absorber and 

passivation layer

• Non-uniform at Vmpp: problematic 

region of charge-transport layers
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Results and discussion
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PL@Voc 

AVE: 42791, STD: 2443

PL@Vmpp 

AVE: 844, STD: 185
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• Spatial resolve Rs at Vmpp 

and PCE

• Average values agree with 

global data → Validated

• Our method can determine 

the low performance areas → 

Advancement

• Maximum performance 

prediction → Set new target
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Results and discussion
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AVE: 4.5, STD: 0.3

PCE (%) 

AVE: 20.1, STD: 0.9
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PCEpotential > 21%
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• Lesson learned

• Voltage-dependent RS

• Short-circuit PL: emission from 

other layers/voltage-independent 

carriers 

→ Accounting for these behaviors 

is crucial for PL-based calculations
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Results and discussion
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Vint =  Vterm + JRsVint =  Vterm + JRs(Vterm)

https://doi.org/10.1002/aenm.201701522

PCE (%) w Rs adjusted

AVE: 20.1, STD: 0.9

PCE (%) w/o Rs adjusted 

AVE: 16.0, STD: 0.9

PCE(%) w/o PLSC corrected 

AVE: 14.9, STD: 1.1

PL @ SC

AVE: 2141, STD: 178
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• Lesson learned

• PLoc (iVoc) versus device 

performance

• Charge-transfer efficiency

• Strong correlation dVint/dVterm 

and local PCE

→ dVint/dVterm good FOM
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Results and discussion
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AVE: 0.49, STD: 0.04
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• Voltage-dependent PL 

• Spatially resolve photovoltaic parameters for perovskite solar cells

• Quantitatively validate the method

• Lesson learned 

• The impact of short-circuit signals on PL-based calculations

• Voltage-dependent series resistance effects in device analysis

• Misinterpretation of the relationship between PL intensity at open-circuit and 

device performance

More details are available in: Bui et al., Cell Rep. Phys. Sci., 4, 101641, 2023
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Conclusion
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Appendix
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• Low device performance

• Method has been tested with 

a device with lower PCE 

(~17%) 
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• Effect of shunt resistance

• This model neglected the effect of 

shunt resistance (Rsh > 1000 Ohm.cm2)

• If Rsh < 1000 Ohm.cm2 (serious 

degradation, we need to incorporate 

the model)
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