N

N

Frequency Dependence of Modulated Surface Photovoltage
(SPV) to Characterize Surface Defects
Davide Regaldo, James P. Connolly, Kiril Kirilov, Vesselin Donchev, Christophe
Longeaud, Jean-Baptiste Puel, ] Alvarez, Philip Schulz, Jean-Paul Kleider

» To cite this version:

Davide Regaldo, James P. Connolly, Kiril Kirilov, Vesselin Donchev, Christophe Longeaud, et al.. Frequency
Dependence of Modulated Surface Photovoltage (SPV) to Characterize Surface Defects. 40th European Photo-
voltaic Solar Energy Conference (EU PVSEC 2023), Sep 2023, Lisbonne, Portugal. , a paraitre. <hal-04286402)

HAL Id: hal-04286402
https://hal.science/hal-04286402v1

Submitted on 16 Nov 2023

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Distributed under a Creative Commons CC BY 4.0 - Attribution - International License


https://hal.science/hal-04286402v1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

- W

‘®: EUPVSEC 2023

t g
) 40th European Photovoltaic Solar Energy
Conference and Exhibition

GeePs

Génie électrique et électronique de Paris

£l IPVF 5

40" EU Photovoltaic Solar Energy
C f d E h-b-t- Davide Regaldo, James Connolly , Kiril Kirilov, Vesselin Donchev, Christophe Longeaud, Jean-Baptiste Puel,
onrerence an Xxniprtion Jose Alvarez, Philip Schulz, Jean-Paul Kleider.

Lis bo n o Se pte m be r 2 023 IPVF, Institut Photovoltaique d’lle-de-France, 18, Boulevard Thomas Gobert, 91120 Palaiseau, France.

Université Paris-Saclay, CentraleSupélec, CNRS, Lab. de Génie Electrique et Electronique de Paris, 91192, Gif-sur-Yvette, France.

Sorbonne Université, CNRS, Lab. de Génie Electrique et Electronique de Paris, 75252, Paris, France.

Faculty of Physics, Sofia University, 5, blvd. J.Bourchier, BG-1164 Sofia, Bulgaria.

Frequency Dependence of Modulated Surface Photovoltage (SPV)
to Characterize Surface Defects

" The Metal-insulator-
semiconductor SPV experiment =

" Modulated SPV simulations [_J§

250W halogen : .
C . tungsten |argnp SPV (A) spectrum Input structure| | Silvaco Atlas Surface potential as a
@ . | and material drift-diffusion function of time for
=4 1170 parameters solver square-modulated light
0.22m SPEX | scanning from long toward £ 3
Mong(r:?]tr'gg]ator short wavelengths L 30 - 05), | %10 y
Mechanical = - o c-Silicon [ [ / [ / /
chopper (rotating lock-in o 1160 Q » » 25F
wheel) £ 20+ ' @© _
> 'S_ Sy 1-0.005
photon flux 3 > g -
density @ _ o S
=B ottt » 10 150 5 —
Semi-transparent _UCI;B 0 . Z‘f,";ep(fcy_‘;e % % % 1r 1-0.01
electrode: Glass/SnO, J 800 900 1000 1100 1200 P— e — e . transport ol
. ica sheet W | th A °o— ) .
(p) C-S ave eng (nm) recombination k k L k L L
Cu platform 0.005 0.01 e 0.015 0.02
= Recorded SPV signal with fast LED . .
0080 . ‘ Silvaco Fast-Fourier Transform method
1A=850 nm _
SPV =the illumination-induced Rl {258
change in the surface potential oV;=  -.0%- _ 20§> px107% — 5107 . 00—
V,lisht -/ dark a5 a result of the spatial & oo, o 5 Excitation I, Fouriler spectra PRES Y . |
separation of the photogenerated g 1" ; EO ) |, = of amplltude >
electrons and holes, for instance K - {10 ; EO \ zé and phase of g 0 R ——
-0.105 - g7 2 VA 14 © . . -
driven by the built-in electrical field . o |, 2 %O 2 I |, £ the excitation BT ¥ . 7
in the surface space charge region of . — 2 =" * and SPV signals JU e SR—
the SemICOI’]dUCtOF. _0.11j5.0m | -10I.Om | -5.I0m | 0!0 | 5.(IJm | 10.I0m | 15_.0|('Jn 0 500 1000 1500
Frequency (Hz) Frequency (Hz)

Time (seconds) . .
driving frequency
When the structure is illuminated with chopped light, the periodic changes of V, due to the

photovoltaic effect induce a periodic voltage between the capacitor plates (SnO, electrode and Extract the SPV amplitude and phase at the
Cu platform). This voltage is fed to a high-impedance unity gain buffer (UGB) and measured by a —

lock-in amplifier (SR830) that extracts amplitude and phase of the fundamental frequency. fundamental frequenCy (lSt harmonic)
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