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ABSTRACT

Organic nonvolatile photomemory devices have drawn considerable attention in the field of optical computing. However, most organic
nonvolatile photomemory devices use a charge-trap-type architecture that is complex and difficult to miniaturize. This paper proposes a
nonvolatile polyimide (PI) resistive photomemory device with a simple metal-PI-metal configuration; its resistance can be altered using pulsed
ultraviolet (UV) irradiation and can be maintained at the altered level even after irradiation has ceased. The resistance can also be returned to
the initial state by subsequent irradiation with UV light. The memory window is around 7 order of magnitude. Fourier-transform infrared spec-
troscopy and UV-visible/near-infrared spectroscopy demonstrated that UV irradiation caused a high-energy-gap (E,) aromatic form of PI to
transform into low-E, quinoid form, prompting the dominant conduction mechanism of the photomemory device to change from hopping con-

duction to ohmic conduction. A model characterizing the PI-based photomemory device was also developed and is discussed herein.

Published under an exclusive license by AIP Publishing. https://doi.org/10.1063/5.0127937

Nonvolatile resistive memory devices have extensively been inves-
tigated because of their high operating speed, simple structure, and min-
iturizability. ' Many materials have been proposed as resistive layers in
nonvolatile resistive memory devices; * among them, polyimide (PI) is
a promising organic material because of its favorable electrical proper-
ties.” Compared with other organic materials, PI has high thermal stabil-
ity, chemical resistance, and mechanical strength.'”'" PI can also play a
key role as an alignment layer in the production of liquid crystal dis-
plays.”” PI-based memory devices can be used flexibly and produced
simply. The properties of these devices can be improved by modifying
the ratios of their precursors during the preparation of PL."*

Optoelectronic devices, such as phototransistors and photodetec-
tors, have also attracted considerable attention for applications in
high-speed optical computation."" " Recently, concurrent with the
development of artificial intelligence (AI), photodetectors have also
extensively been applied in imaging processing. Comprehensive imag-
ing for Al applications requires combining a photodetector with a
nonvolatile memory device. Photomemory devices, which can serve as
both photodetectors and memory in a single device, have, therefore,
been investigated for these applications.

Programming/erasing (P/E) is generally achieved in an electri-
cally operated nonvolatile memory device by applying a low voltage to
its resistive layer. However, this method causes excessively high

current to flow through the device when voltage is applied; thus, a
compliance current must first be established to prevent device damage
and excessive power consumption.'”'” Therefore, additional compli-
ance circuitry is required to prevent these problems in an electrically
operated nonvolatile resistive memory cell array.”’ In contrast to the
electrically operated memory, photomemory has no extra leakage cur-
rent during programming;”' thus, compliance circuitry is unnecessary.
Moreover, a photomemory device uses a noncontact P/E method,
which can simplify the device configuration.””

Multiple organic photomemory devices have been reported;””
however, such devices typically have charge-trap-type architectures,
limiting their applications because of the difficulty of miniaturization
and the charge-loss problem.”””" In this paper, a PI-based nonvolatile
photomemory device with a simple metal-PI-metal (MPM) configu-
ration is proposed. The proposed MPM photomemory device has a
permanent memory effect achieved by ultraviolet (UV) irradiation
without additional electrical assistance, and its memory window
could reach 6 order of magnitude. This study applied light absor-
bance spectroscopy to analyze the mechanism of the transformation
of the PL In addition, the conduction mechanism of the MPM
photomemory device was confirmed by fitting the device current
measurements to a conduction model based on the electrical mea-
surement results.

Appl. Phys. Lett. 121, 213301 (2022); doi: 10.1063/5.0127937
Published under an exclusive license by AIP Publishing
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