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« Carrier generation need to be on the surface with a thick junction

« Mobility is highly dispersive for disordered materials

* Field dependent

« High voltage bias may cause degradation
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Charge extraction by linearly increasing voltage (photo-CELIV) V:d/ttr H= Etr,
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Oleksandr Grynko, Gytis Juska, and Alla Reznik, Charge Extraction by Linearly Increasing Voltage (CELIV) Method for Investigation of Charge Carrier
Transport and Recombination in Disordered Materials, Photoconductivity and Photoconductive Materials, Volume 1, Wiley (2022).
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Metal-insulator-Semiconductor charge extraction by linearly increasing voltage (MIS-CELIV)
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Armin A, Juska G, Ullah M, et al. Balanced carrier mobilities: not a necessary condition for high-efficiency thin
organic solar cells as determined by MIS-CELIV. Adv. Energy Mater., 4: 1300954 (2014).



Space charge limited current (SCLC)

ITO Active layer Al
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Characterization EEBEVIES
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Light intensity dependent photocurrent
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processed organohalide perovskite solar cells. Advanced Materials Interfaces, 3: 1500420 (2016).
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« Time-resolved Photoluminescence:

Time-correlated single photon counting (TCSPC): high time resolution, poor spectra;
Gated intensified CCD (iCCD) spectroscopy: excellent spectra, poor time resolution;

Streak camera: excellent spectra, fast response, high price;

Femtosecond photoluminescence upconversion (fs PLUC): sub-picosecond
resolution (100 fs), very low detectivity.
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« Time-resolved microwave conductivity (TRMC):
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« Optical pump THz-probe spectroscopy:
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TRMC & OPTP
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Background Application Summary

' Time (s
@@ ' Phase shifter (s)
R.Li, Q. Lin"et al., J. Phys. Chem. Lett., 12: 1726-1733 (2021).

' Microwave detector F. Yao", Q. Lin*, ACS Photonics, 12:2103652 (2022).
e e === —=—————————--- Y. Li, Q. Lin", Appl. Phys. Rev., 10:011406 (2023).
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P (dB)

1. TRMC dynamics

2. TRMC Spectra:
(complex conductivity,
phase information)
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Background Application Summary
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Electrical probe

Lon- range charge transport could be
slowed down by the grain boundaries
and also electrode interfaces
Oscilloscopes can even not record
the transients, if they are too fast (RC
limited).

Used to underestimate the mobility

Transparent  Semiconductor
electrode blend

Electrode

Laser pulsc\

. DC
. Voltage
Supply

Background Characterization V=N

RloadH‘ Oscilloscopeé

Summary

Optical probe

Short range within the crystals
without the effect of grain boundaries

Used to overestimate the mobility
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Drude-Smith Model
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Background Application
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Drude-Zener Model
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Deep Trap Shallow Trap Free

Immobile
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A. Saeki“et al., J. Phys. Chem Lett., 12: 1726-1733 (2021).
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Shallow trap states

Photothermal deflection spectroscopy (PDS) Sensitive-EQE
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Pioneers in Measurements of Depth
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Background geEletaicgriildl Application
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Serway, Raymond A., Beichner, Robert J. and Jewett, John W. Physics for Scientists and Engineers 5th Edition,

Saunders College Publishing: Orlandon, FL, 2000
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Deep trap states (n-type: E;<E)) CB
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Background QeEteiEgrLuildgl Application| Summary

P*N junction (W of p-region is very narrow)
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Depletion width:
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the narrower depletion width.
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« C-V measurement

Equilibrium Forward Bias Reverse Bias
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There are traps within the space charge region!

Thermal (electron) emission rate:
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Transient capacitance

V4 Ve
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Optical pulse can also inject
carriers within the SCR
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* Principle of DLTS 1 !
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1. Optical cavity optimization — J__
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Light emitting diodes
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Evaluation of ion migration within perovskites via double injection and transient EL

Q. Lin, et al., unpublished work.

Jia Yang, Wangping Sheng, Ruiming Li, Lingyun Gong, Yanyan Li, Licheng Tan*, Qiangian Lin*, Yiwang Chen*.
Uncovering the mechanism of poly(ionic-liquid)s multiple inhibition of ion migration for efficient and stable
perovskite solar cells. Adv. Energy Mater.,12: 2103652 (2022).
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Is GHz bandwidth possible?
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Realization of RGB detectors
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Proof of concept
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Photodetection and Imaging 1
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J. Peng, Q. Lin" et al., Nat. Commun., 12: 1531 (2021).
F. Yao, C. Tao’, Q. Lin", G. Fang® et al., Nat. Commun., 11: 1194 (2020).
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Photodetection and Imaging 2
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Photodetection and Imaging 4
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Single photon detection
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O Opto-electronic property characterization:

TOC, CELIV, SCLC, IPC, DI, TREL, TRPL, TRMC, S-EQE, DLTS;
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O Opto-electronic strategies for device optimization:

Optical modeling, temporal response, spectral response.

Chapter 24: “Metal halide perovskites for photodetection” in the
book Wiley Series in Materials for Electronics and Optoelectronics:
Photoconductivity and Photoconductive Materials.
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