Can photoluminescence imaging be

Outdoor photoluminescence imaging on field-deployed solar cell modules has been conduc’_m
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increasing extent in recent years. Photoluminescence images prov

How does partial solar cell illumination affect photoluminescence?

Partial solar cell illumination causes lateral current that lowers carrier density. Three imaging techniques
converge at matched photon dose (hot laser power density). Pattern-illuminated photoluminescence images
differ from other imaging techniques. Passivation and conductive oxide may degrade in weathered silicon
heterojunctions.

Can patrtial illumination be used for luminescence imaging of photovoltaic modules?

We investigate the implications of using partial or patterned illumination for luminescence imaging of
photovoltaic modules. Partial illuminationinduces local photovoltage variations that drive lateral current flow
into non-illuminated cell regions,causing the average injection level to vary over the course of luminescence
measurement.

Do photoluminescence measurements reveal the maximum open circuit voltage?

We review how photoluminescence (PL) measurements on the absorber,without finishing the solar cell,reveal
the maximum open circuit voltageand the best diode factor,that can be reached in the finished device.
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These two different ways to induce luminescence
correspond to the two techniques commonly used to
characterize the quality of photovoltaic materials:
photoluminescence and electroluminescence.
Photoluminescence (PL) characterization is based
on the use of a light source, usually a laser, to

MONITOR

create electron-hole pairs in the material.

In photovoltaic power plant inspections, techniques
for module assessment play a crucial role as they
enhance fault detection and module
characterization. One valuable technique is

luminescence. The present paper introduces a
novel technique termed passive luminescence. It
enhances both electroluminescence and
photoluminescence imaging acquisition in a?|

The study herein proposes photoluminescence (PL)
as a versatile tool to rapidly assess the photovoltaic
activity of PSCs. It is observed that, due to the MAI
precursor ageing and possible exposure to
oxygen/moisture, an extra peak appears at 738 nm
in PL which has resulted in either drastic reduction
3 or nullification of photovoltaic performance
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On-site imaging of photovoltaic systems requires
methods that are high-throughput, low-cost and
contact free for commercial relevance.
Photoluminescence imaging satisfies these
requirements, but it has so far not been used for
aerial imaging due to a lack of a drone-mounted
system. In this study, we present first results
captured by our in-house developed PLAI
(photoluminescence a?|

1 Laboratory for Photovoltaics, Department of
Physics and Materials Science, University of
Luxembourg, Belvaux, Luxembourg We review how
photoluminescence (PL) measurements on the
absorber, without finishing the solar cell, reveal the
maximum open circuit voltage and the best diode
factor, that can be reached in the finished device.
We

Thin-Film Solar Cell Current Voltage and
Time-Resolved Photoluminescence Simulation
Model NREL has developed a simulation modeling
tool to analyze recombination losses in
polycrystalline thin-film photovoltaics, including
cadmium telluride a?|
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It is predicted that the photovoltaic energy
conversion will be the largest installed power
capacity by 2027. The least costly option for new
electricity generation in many of the world's

Contactless machine-vision inspection using
photoluminescence (PL) imaging with shortwave
infrared (SWIR) cameras can help solar cell
producers improve both efficiency and quality of
their photovoltaic products. Inspection of silicon bulk
ingots, sliced wafers, processed layers, and
complete photovoltaic cells is possible with SWIR
imaging.

Aerial Photoluminescence Imaging of Photovoltaic
Modules Bernd Doll,* Ernst Wittmann, Larry Luer,
Johannes Hepp, Claudia Buerhop-Lutz, Jens A.
Hauch, Christoph J. Brabec, and lan Marius Peters*
1. Introduction Field characterization of photovoltaic
(PV) modules enables the detection of defects
causing power loss or safety problems at an early
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We present a method that extends the use of
photoluminescence (PL) imaging to field-deployed
solar modules in full sunlight. The method takes
advantage of sunlight absorption in the Earth's
atmosphere in a narrow spectral range a?|

While both steady-state and transient
photoluminescence spec-troscopy have been
frequently used in the community to study

recombination processes in films and devices and a
number of good overviews on photoluminescence

e theory of photovoltaic materials have been

| published previously,[28,29] the results of

Both Sensors Unlimited linescan and area cameras
can be used for photoluminescence inspection
testing of photovoltaic solar cells. The area cameras
provide convenient still images while the digital
high-speed, 1024 pixel line cameras are ideal for
providing higher resolution at lower cost when used
with continuous production flow or with moving
inspection stages.
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Recent attempts have been made in detecting
photoluminescence from silicon PV modules in
daylight. This study aims to present an approach for
detection of photoluminescence with sunlight
excitation. It enables imaging of several modules
simultaneously by changing the string's operating
point through wireless, contactless communication
with

et al., "Quality assurance of the photovoltaic power
plants installation stagea??A complementary
strategy based of photoluminescence and
steady-state thermography,” in 38th European
Photovoltaic Solar Energy Conference and a?|

CdTe and aluminium (Al)-doped CdTe (Al:CdTe
QDs) colloidal quantum dots (QDs) were
synthesized through an aqueous route. CdTe and
EE | Al:CdTe QDs colloidal quantum dots of different size
were obtained by collecting the samples at different
refluxing time. The size of the synthesized QDs
collected after 6 h of refluxing time was measured to
3.3 and 4.8 nm for a?|
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In photovoltaics, sub-band gap energy photons can
be harvested using up-conversion strategies. Here,
the authors show that the thermally enhanced
up-converted photoluminescence results in

enhanced
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Luminescence emission can be generated in a
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i mn photovoltaic device (solar cell or module) through
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(photoluminescence).

where G is the generation rate for excess carriers.
Other factors, including the photon flux of light
source and the reflectance of the PV wafer can also
affect the PL signal intensity. When calibrated with
another lifetime measurement method, such as a
photoconductance-based approach on a reference
wafer, it is possible for band-to-band PL a?|
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The photocurrent density-voltage (J(V)) curve is the
fundamental characteristic to assess opto-electronic
devices, in particular solar cells.However, it only
yields information on the performance integrated
over the entire active device area. Here, a method

to determine spatially resolved photocurrent images
by voltage-dependent photoluminescence
microscopy is derived a?|
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Images of photoluminescence (PL) emitted from
silicon photovoltaic (PV) cells and modules can be
acquired due to the radiative band-to-band
recombination of charge carriers over the bandgap
at 1150 nm. 1 This signal can reveal different
parameters affecting solar cell performance and is a
valuable tool for the PV industry. 1 PL images of
modules collected a?|
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Utility-Scale ESS solutions Fast (0.8 s) camera-based (a) photoluminescence
@@1_ e ’ and (b) electroluminescence-imaging
" B measurements on perovskite solar cells. Progress
li - . . -
. in Photovoltaics: Research and Applications.
T PP

Volume 23, Issue 12 p. a?|
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The free online resource about photovoltaic
manufacturing. Photoluminescence Imaging.
Luminescence imaging is a fast, spatially-resolved
method for performing minority carrier lifetime
measurements of silicon wafers and solar cells []
detecting photons released by the relaxation of

conduction band electrons to the valence band
(known as radiative recombination), the a?|
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Photoluminescence imaging under sunlight
excitation has in the recent years been proposed as
a promising inspection technique of field-installed
photovoltaic modules. Virtually, all studies have
been conducted in full sunlight and clear sky
conditions. A study in which photoluminescence

SUPPORT REAL-TIME ONLINE
MONITORING OF SYSTEM STATUS

L L] ] [T images had been acquired at an irradiance level
& i iy .
f B [ EEEn below 100 W ma??2 using a?|
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Beyond finding physical defects, SWIR solar cell
inspection of electroluminescence (EL) and/or
photoluminescence (PL) permits actively finding
problems that will hurt cell or system power output.
Below, a video scanning a SWIR camera across a
panel of solar cells shows a large variation in EL
emission, both within individual cells and across
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DDDDD 1 INTRODUCTION. Solar photovoltaics (PVs), the
J 1 direct generation of electricity from sunlight, now
‘ provides the cheapest source of electricity in large
L ‘ parts of the world 1, 2 often undercutting even the
incremental costs of existing fossil fuel-based power

stations. Record low bids for electricity supply of just

N & T v 3 il US$10.4/MWh (equivalent to just over 1 c/kWh)
' ULi ”m"m from a 600-MW PV a?|
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Request PDF | Photoluminescence for Defect
Detection on Full-Sized Photovoltaic Modules |
Cost-effective, fast, and nondestructive on-site
characterization of photovoltaic plants is required to

Fast (0.8 s) camera-based (a) photoluminescence
and (b) electroluminescence-imaging
measurements on perovskite solar cells. Progress
in Photovoltaics: Research and Applications.
Volume 23, Issue 12 p. 1697-1705. Accelerated
Publication. Photoluminescence and

electroluminescence imaging of perovskite solar
cells.

.
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