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Abstract Efficient, accurate and comprehensive measurement of photoelectric thin films can provide in-
depth information about their structural properties, electrical and optical characteristics, etc., which plays a key role
in the design and performance optimization of devices. Additionally, the detection and characterization of
photoelectric thin film also provide an important theoretical basis and guidance for the research and development of
photoelectric thin film materials and promote the technical progress and application expansion in the field of
photoelectric devices, which is of great academic significance and application value. In recent years, a variety of
new detection and characterization techniques have emerged, but there are a few related reviews of the literature,
which makes it difficult to intuitively understand the principles of the latest characterization methods and their
specific applications in the optimization of device performance. In this paper, the basic principles and characteristics
of current detection and characterization techniques of photoelectric thin films are reviewed based on the three
dimensions of angle-resolved, spatially-resolved and time-resolved, and the application progress of relevant
techniques in the luminescence characteristics, visualization of spatial heterogeneity and carrier dynamics of
photoelectric thin films is introduced. Finally, the future development trends of photoelectric thin film detection and
characterization technologies are discussed and anticipated.
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Fig. 1 This article introduces the characterization methods of photoelectric thin films, including angle-resolved, spatially-resolved and

time-resolved characterization techniques
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Fig.2 Angle-resolved photoluminescence characterization technique. (a) Experimental setup and cross-sectional schematic view of

the layer structure, (b) angle-resolved photoluminescence measurements of BDASBIi and Alq3 doping, (c) schematic diagrams

of the conventional experimental setup (left panel) and the refined setup, which is capable of collecting a wider range of light,

(d) the measured intensity (left) and scaled intensity (middle panel) for different detector positions at an emission angle of 10°,

which increases the signal-to-noise ratio (right panel) by about one order of magnitude
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Fig. 3 Angle resolved electroluminescence characterization technique. (a) Diagram of the goniometer-based angle-resolved electrolu-

minescence measurement system, (b) the intensity of electroluminescence radiation measured at different angles and the EQE

as a function of forward luminance, where the dashed line shows the measurement under Lambertian assumption and the solid

line shows the measurement after correction, (c) experimental setup of angle-resolved delayed electroluminescence (ARDEL)

and schematic presentation of the change in the ARDEL pattern with respect to the change in the recombination zone width,

(d) plot of normalized angle-resolved electroluminescence curves with different delay times
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Fig. 4 Light-beam induced current characterization technique. (a) Schematic diagram of LBIC setup. M-turning mirror, F-microscope

objective lens, (b) LBIC results of photoresponse mapping of perovskite solar cells indicate that the current distribution is not

uniform, (¢) LBIC EQE maps of perovskite solar cells at different stages with time
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Fig. 5 Photoluminescence imaging characterization technique. (a) Diagram of photoluminescence imaging based on bias-dependent,

(b) extracted spatial resolved optoelectrical properties, (c) contactless qualitative series resistance imaging of perovskite solar

cells, (d) photoluminescence imaging and intensity distribution of perovskite films before and after passivation
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