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Halide Perovskite Solar Cells: Startling Progress
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3Energy Environ. Sci., 2015, 8, 995–1004

J-V hysteresis
Device degradation

Perovskite Solar Cell: Limitation Issue
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Device Stability Issue

Encapsulation

~ 60 days

ITO/PEDO

T

With inorganic CTLs

ITO/NiOx

• Adv. Energy Mater. 2016, 1600372;

• Nature NanoTech. 2016, 11,75-81 ;

~ 40 days

Cu-electrode

Al-electrode

Impact of electrode

Standard: 85C/85%- RH; 1000 hours

Interfacial passivation

Angew. Chem. Int. Ed. 2017, 56, 1190 – 1212
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Gang Li and co-workers, N
ature Photonics, 2021, 15, 681

Perovskite Solar Cells: Reports- Surface Passivation 

Ulrich W. Paetzold and co-workers, Energy 
Environ. Sci., 2021,14, 5875

Phenethylammonium chloride (PEACl)
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1. Perovskite Solar Cells: Vapor Surface treatment

Film crystallization

• Khadka et al., Sustain. Energy Fuels, 2017, 1, 755

• Khadka et al., J. Mater. Chem. C, 2017, 5,8819

PCE- Improved

1. Morphology

2. Defect mitigation

3. Improve in optoelectronic quality

Control MACl-treated

Defect passivation
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Jsc(mAcm-2) 21.48 20.44

Voc(V) 1.146 0.997

FF 0.785 0.765

η(%) 19.32 15.60

2. PSCs: Impact of carrier transport layer

• Khadka et al. ACS Appl. Energy Mater. 2021, 4, 10, 11121
• Khadka et al. ACS Appl. Mater. Interfaces, 2018, 11, 7055
• Khadka et al,  ACS Appl. Mater. Interfaces, 2018,10, 22074

• Khadka et al., J. Mater. Chem. C, 2018, 6, 162-170

Device stability
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3. PSCs: NiOx-surface treatments

MeO-2PACz

• Miyano and co-workers, ACS 
Omega 2022, 7, 12147.

✓ PCE: 15.60 → 17.2%

✓ Certified PCE→16.3% @1 cm2

✓ MAPI device with ~ 270 nm

Photothermal Deflection Spectroscopy

: NiOx and NiOx/MeO-2PACz

NiOx band gap: 3.5~3.7 eV
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MeO-2PACz

Khadka et al. Adv. Energy Mater. 2022, 12, 2202029

✓ Two-step → One-step method; ~270nm → ~500nm

✓MAPbI3 → FA0.84Cs0.12Rb0.04PbI3 18.1%
＠1cm2

22.3%

4. PSCs: Passivation on top and bottom of the perovskite layer 
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Pb-HaP: 5F-PHZ treated: Device trend
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5F-PHZ treated: Opto-physical properties 

✓ PL characteristics peak

✓ Blue shift with 5F-PHZ
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5F-PHZ treated: Effect on materials growth

✓ 5F-PHZ additive: well coverage on the surface

Control 3 mol% 10 mol%

XRD results

0 mol%

Mixed precursor

10 mol%
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7. STEM images: Interface formation
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PSCs-5F-PHZ: ToF-SIMS spectra

ToF-SIMS; 5F-PHZ 

2D images

Control 5F-PHZ
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HaP Film 𝛕𝟏 (ns) 𝛕𝟐 (ns)

Control 142 654

5F-PHZ 324 1982~9.37 𝝁𝒔
1.35 kBT/q

1.12 kBT/q

~6.18 𝝁𝒔

VOC-I analysis Transient Photovoltage 

response
TRPL results

Longer carrier lifetime
Longer lifetime:

defect mitigation

6. PSCs- NiOx-surface treatments: PhotoPhysics
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PSCs: Capacitance-Analysis

➢ C-f spectra

➢ Increase in diffusion potential (VD)

➢ Mott-schotky plot
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➢ Defect densities- attenuated
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5. PSCs- Surface passivation: device stability/ capacitance

Khadka et al. Adv. Energy Mater. 2022, 12, 2202029

High Stability

80%

30%

MPPT, 65℃

90%

50%
MPPT, ~30℃

Retain- intrinsic properties

Hysteresis:

Ionic or charge carrier

accumulation

❑ Capacitance Spectra

❑ Degradation trend

Over 22 % @1 cm2

Maintain 20% after 1000 hr
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6. PSCs: perovskite system passivation method

➢ Passivation method is applicable to different band gap perovskite devices

✓ Highly efficient semi-transparent devices with wide-bandgap perovskite devices (VOC-1.32V, PCE>17%)

✓ Possibility achieve all-perovskite tandem devices with wide- and narrow-band gap devices

Note: PEDOT:PSS for HTL
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Report Summary

5F-PHZ passivation in Pb-HaP

➢ Interface modulation with fluoroarene functional derivatives

➢ Form interfacial embedded 2D-layers 

➢ Attenuate defect densities and suppress of ion migration

➢ PCE increase from 18%  to > 22 % - with superior stability
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