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Abstract: Currently, organic and perovskite materials have been widely used in fields such as luminescent dis-
plays and solar cells. To better understand the characteristics of these materials and optimize their performance, re-
searchers need to have a thorough understanding of their excited state dynamics. Therefore, the use of magneto-opto-
electronic comprehensive methods has become an important way to study these materials. Through these methods,
the excited state dynamics of organic and perovskite materials can be accurately characterized, and detailed structur-
al features such as electron-hole separation processes and intramolecular polarization can be obtained. In addition,
these methods can also study the magneto-optical properties and electrical properties of materials, thereby providing
support for interdisciplinary research on these materials. This article combines the author’s research work to elabo-
rate on the relevant research on nonlinear luminescent films and photovoltaic devices based on perovskite and organic
materials using magneto-opto-electronic research methods. We can better understand the performance and character-
istics of these materials and lay the foundation for the development of more advanced optoelectronic devices based on

these studies.
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Fig.1 Optical characteristics of 2D perovskite (PEA),(MA),PbsBr,q films. (a) Absorption and down-conversion PL spectra™.
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The spectral characteristics of quasi-two-dimensional perovskite [ (PEA),(MA),_,Pb,Brs,,;] film morphology were regu-
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lated under different methods. (a) Absorption spectra of two-dimensional perovskite thin film (PEA),(MA),PbsBr¢ with
and without anti-solvent. Inset: Up-conversion PL spectra for thin films with and without anti-solvent treatment under 980
nm CW laser excitation™. (b)Quasi-2D perovskite film (PEA),(MA ) PbsBr,¢ time-resolved photoluminescence (TRPL)
properties with and without anti-solvent treatment”. (¢) Absorption specira of quasi-2D perovskite [ (PEA),(MA),_,Pb, -
Bry,,, ] films with different n values in uniform dispersion measured from 300 nm to 2 000 nm. Inset: absorption spectra
plotted from 600 nm to 2 000 nm"’. (d) Up-conversion PL spectra of quasi-2D perovskite [ (PEA),(MA),_,Pb,Brs,.; ]
films with different n values in uniform dispersion under CW 980 nm laser excitation(2 500 mW/cm?). Inset: normalized
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Fig.3 Spectral characteristics of uniform and non-uniform dispersion for quasi-2D perovskite (PEA),(MA ) PbsBrq films. (a)

PL spectra in the direction of excitation from the top and bottom for quasi-2D perovskite (PEA),(MA),PbsBr,¢ films pre-
pared without anti-solvent processing (excitation: 325 nm)"™". (b) PL spectra in the direction of excitation from the top
and bottom for quasi-2D perovskite (PEA), (MA),PbhsBr, films prepared with anti-solvent processing (excitation: 325
nm)™. (¢) Current-electroluminescence-voltage characteristics. Inset: image to show EL output at ambient condition
(left pixel on device)™. (d)EL and PL spectra for quasi-2D perovskite ((PEA),(MA),PbsBr,) films prepared with uni-
form dispersion of different-n-value nanoplates through anti-solvent processing, The EL was measured from ITO/PEDOT/
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Characteristics on PM6: Y6 bulk-heterojunction solar cell. (a) Absorption spectra for pristine PM6 and Y6 films"*". (b)
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The I-V characteristics measured by double-beam laser(532 nm and 785 nm) and simulated sunlight excitation(100 mW/
em?) in ITO/Zn0O/C60-SAM/PM6: Y6/MoO,/Ag device. The double-beam intensity (532 nm: 50 mW/cm®, 785 nm: 25
mW/cm®) was set to obtain the same J,, realized by sunlight illumination. (¢) Magneto-photocurrent (Magneto-J,.) mea-
sured in bulk-heterojunction ITO/Zn0/C60-SAM/PM6: Y6/MoO,/Ag device by using double-beam 532 nm (50 mW/cm®)
and 785 nm (2.9 mW/cm®) to separately excite donor-PM6 and acceptor-Y6'""!. (d) The schematic diagram shows Magne-
to-J,, signal induced by optically generated electron-hole pairs at D: A interfaces in PM6: Y6 bulk-heterojunction solar

cell[“‘].
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Self-stimulated dissociation is shown by monitoring critical bias required to completely quenching Magneto-J,, signal. Crit-

900 0 900 0

ical bias V,_ is largely decreased upon increasing excitation of non-fullerene Y6 molecules. Magneto-J,. measured by in-
creasing 785 nm beam intensity of exciting acceptor-Y6 molecules at constant 532 nm beam intensity (50 mW/cm®) of ex-

citing donor-PM6 molecules in ITO/ZnO/C60-SAM/PM6:Y6/Mo0O;/Ag device. Bias-dependent Magneto-J,. are shown un-
der different excitation intensities of 785 nm beam'"”’. (2)2.9 mW/cm®. (b)8.8 mW/em® (¢)17.5 mW/cm’.
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Fig.7 Characteristics measured at different 532 nm beam intensities of exciting donor-PM6 molecules at constant 785 nm beam

intensity (25 mW/cm?) of exciting non-fullerene acceptor-Y6 molecules in TTO/Zn0/C60-SAM/PM6: Y6/MoO5/Ag device'.

(a)Magneto-J,. (b)Magneto-J,. versus external reverse bias. (¢)The I-V characteristics.
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Fig.8 (a) The schematic diagram shows electron-withdrawing and electron-donating units in non-fullerene acceptor-Y6 mole-

cules. Four arrows represent optically induced dipoles within non-fullerene Y6 molecules’

197 (b) Capacitance-frequency

characteristics at different photoexcitation intensities under simulated sunlight in acceptor-Y6 single-active layer device

(ITO/Zn0O/C60-SAM/Y6/Mo0,4/Ag)""™. () Magneto-capacitance to show bulk polarization at 1X10°Hz at different excita-

tion intensities under simulated sunlight "',
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