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a b s t r a c t

The exploitation of organic-inorganic hybrid perovskites (OIHPs) as active layer materials for typical

sandwich-structured resistive memories has attracted widespread interest due to the property of low

power consumption and fast switching. However, the inherent thermal instability of perovskites limits

the application of OIHPs-based resistive memories under extreme conditions, while the influence of ther-

mal effects on their resistance change characteristics remains unclear. Herein, a novel 2D <100>-oriented

high-temperature resistant OIHP [(BIZ-H)2(PbBr4)]n (BIZ=benzimidazole) is prepared as an active layer

material to fabricate FTO/[(BIZ-H)2(PbBr4)]n/Ag resistive memory with excellent thermal reproducibility

and stability up to 120 °C. The increase in temperature leads to a decrease in the PbBr6 octahedral dis-

tortion in the crystal structure, an increase in hydrogen bonding between the (BIZ-H)+ cation and the

(PbBr4)n
2n- layer, and a shortening of the spacing of the inorganic layers, which is found to result in the

creation and predominance of thermally activated traps with increasing temperature. This work provides

a new direction for the next generation of OIHPs-based resistive memories with high-temperature toler-

ance.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Resistive random-access memory (RRAM) is one of the most po-

tential contenders for next-generation memory technologies owing

to its structural simplicity, low operating energy efficiency, and fast

switching speeds [1-3]. Typically, the structure of an RRAM con-

sists of a bottom electrode/functional layer/top electrode, where

the functional layer provides different resistive states, such as low

resistance state (LRS) and high resistance state (HRS), which are

achieved by voltage amplitude or bias polarity [4]. Various ac-

tive layer materials have been presented, such as inorganic ni-

trides/oxides [5], organic small molecules [6], organic polymers

[7,8], organic-inorganic hybrid perovskites (OIHPs) [9,10]. However,

inorganic materials are hard to process and consume high amounts

of power, and organic materials are thermally unstable and envi-

ronmentally unstable. Generally, OIHPs can exhibit excellent elec-

trical properties by combining the advantages of organic and in-

organic materials and compensating for the corresponding disad-

vantages, which are considered ideal materials for next-generation

optoelectronic devices, such as solar cells [11], solar capacitors [12],
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light-emitting diodes [13], and RRAMs [14]. Currently, OIHPs mate-

rials that can be used as RRAMs active layer materials from a struc-

tural point of view include 3D and 2D. Among them, 3D OIHPs

have been found to react with moisture and air, leading to device

degradation, and this degradation further intensifies with increas-

ing temperatures, making them unsuitable for use in special high-

temperature environments for data storage such as the aerospace

and petroleum industries [4]. In contrast, 2D OIHPs exhibits high

stability and hydrophobicity as an active layer material, has low

write and erase power consumption, and operates at lower cur-

rents with negligible leakage current [15,16]. Unfortunately, the ex-

ploitation and detailed mechanism studies of 2D OIHPs-based re-

sistive memories that can be applied to high-temperature environ-

ments are very scarce and deserve to be explored in further detail.

From a practical application point of view, the development of

resistive variable memories stable at high temperatures for infor-

mation storage in the aerospace and energy sectors is crucial, as

high temperatures can lead to equipment failures [17]. Stable op-

eration of <100>-orientated OIHPs-based resistive memories with

molecular formula A2BX4 (A is an organic cation and BX4
2- is an

inorganic sheet) at high temperatures have been demonstrated,

for example, devices based on (BzA)2CuBr4, BA2PbI4 can work at

https://doi.org/10.1016/j.cclet.2024.110495
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Fig. 1. (a) The structure of (BIZ-H)+ cation. The grey, blue, and white balls represent C, N, and H atoms, respectively. (b) (PbBr4)n
2n- layer along the ac plane with two

crystallographically independent Pb atoms. (c) Hydrogen bondings between (PbBr4)n
2n- layer and (BIZ-H)+ cations. Purple, pink, and brown balls represent Pb(1), Pb(2) and

Br atoms, respectively. (d) The Pb-Br···π stacking interaction of [(BIZ-H)2(PbBr4)]n . (e) Packing diagram showing the layer-layer distance of (PbBr4)n
2n-. (f) XRD patterns

of stimulated, experimental of [(BIZ-H)2(PbBr4)]n. . (g) TG curve of the 2D <100>-orientated OIHP [(BIZ-H)2(PbBr4)]n . SEM image of surface (h) and cross-section (i) of the

[(BIZ-H)2(PbBr4)]n film.

85 and 87 °C, respectively [18,19]. The current maximum tem-

perature that <100>-orientated OIHPs-based resistive memory can

withstand is 170 °C, but incomplete fracture of the filamentary

structure due to Joule heating affects their resistive performance

[14]. Therefore, it is vital to explore an OIHP-based resistive mem-

ory that is not affected by Joule heating and to elucidate the in-

fluence of thermal effects on the resistive behavior of inclusion

OIHPs-based resistive memories from the perspective of crystal mi-

crostructure.

Herein, we proposed, designed, and prepared a new type

of 2D <100>-orientated high-temperature resistant OIHP [(BIZ-

H)2(PbBr4)]n based on benzimidazole (BIZ) with a narrow poten-

tial barrier without branched chains, and further as active layer to

conducted FTO/[(BIZ-H)2(PbBr4)]n/Ag sandwich device with excel-

lent thermal reproducibility, low energy consumption and stabil-

ity up to 120 °C. The device has the lowest Vset and Vreset (0.75,

-1.99V) at 120 °C with a distinguishable HRS/LRS ratio (>102). In

addition, we investigated the crystal structure of [(BIZ-H)2(PbBr4)]n
at room temperature (30 °C) and high temperature (120 °C) using

an X-ray single diffraction and by comparison, we noticed that the

thermal effects induce a decrease in the PbBr6 octahedral aber-

ration, a shortening of interlayer distances, and an enhancement

of the hydrogen bondings, which will inhibit the migration of Br-

or deactivate thermally-activated traps, leading to device resistance

change performance failure at higher temperatures. The dominance

of thermally activated traps is verified with the aid of in situ vari-

able temperature infrared (IR) spectra, UV–vis spectra, and fluores-

cence spectra. This work provides a new paradigm for RRAMs with

high stability in extreme environments.

The novel 2D <100>-orientated OIHP [(BIZ-H)2(PbBr4)]n was

prepared by the reflux method. X-ray single diffraction was used

to clarify the structure of [(BIZ-H)2(PbBr4)]n at room tempera-

ture. The conjugated BIZ protonates to the (BIZ-H)+ cation, with

the proton located on the only N atom without an H atom (Fig.

1a). (PbBr4)n
2n- is a classical planar two-dimensional <100>-

oriented inorganic layer constructed from vertex-sharing PbBr6 oc-

tahedra along the bc plane with two crystallographically indepen-

dent Pb atoms (Fig. S1 in Supporting information). (PbBr4)n
2n-

layer is close to a planar as viewed from the ac plane (Fig.

1b). The Pb(1)Br6 octahedron constructed by Pb(1) is distorted

by the Pb(1)-Br length (2.9744(6)-3.0146(6) Å) and the Br-Pb(1)-

Br angle (84.159(10)-95.841(11)°), the Pb(2)Br6 octahedron con-

structed by Pb(2) is distorted by the Pb(2)-Br length (2.9715(15)-

2.9927(6) Å) and Br-Pb(2)-Br angle (83.801(10)-96.199(10)°) (Table

S2 in Supporting information). The degree of distortion can be rep-

resented by �d (�d= (1/6)
∑

n=1,6 [(dn-d)/d]
2) by Pb-Br lengths

and σ 2 (σ 2 =∑
n=1,12 (θn-90°)2/11) by Br-Pb-Br angles [20], mean-

while, �dPb(1) and �dPb(2) value were calculated as 2.55×10–5

and 3.52×10–6, σ 2
Pb(1) and σ 2

Pb(2) numerical value were 13.26

and 14.06, implying that the octahedral distortion of Pb(1)Br6 is

higher than that of Pb(2)Br6. All hydrogen atoms on the imida-

zole ring in the (BIZ-H)+ cation are involved in hydrogen bond-

ing (Fig. 1c and Table S3 in Supporting information). Upon inspec-

tion, there is no π ···π stacking action in [(BIZ-H)2(PbBr4)]n. Sur-

prisingly, as shown in Fig. 1d and Table S4 (Supporting informa-

tion), there are specific Pb-Br···π stacking interactions that act in

conjunction with hydrogen bonding to anchor the (BIZ-H)+ cations

in the interlayers, with an interlayer layer-layer perovskite dis-

tance of 14.5434(11) Å defined by the nearest Pb···Pb distance (Fig.

1e). The [(BIZ-H)2(PbBr4)]n crystal structure refinement data are

summarized and presented in Table S1 (Supporting information).

The experimentally obtained crystal structures were found to re-

main consistent with the simulated by X-ray diffractometer (XRD)

measurements, indicating the successful preparation of 2D <100>-

orientated OIHP [(BIZ-H)2(PbBr4)]n (Fig. 1f). A thermogravimetric

(TG) analyzer was employed to characterize the thermal stability

of the synthesized 2D <100>-orientated OIHP [(BIZ-H)2(PbBr4)]n,

and it was found that the crystalline structure is retained up to

228 °C, and the successive weight loss from 228 °C to 389 °C can

be explained by the (BIZ-H)Br decomposition (52.03% calibrated vs.

50.08% observed) (Fig. 1g), showing the potential of this crystal

to be used as an active layer material for high temperature re-
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Fig. 2. (a) The I–V curves of [(BIZ-H)2(PbBr4)]n-based RRAMs at room temperature.

(b) Cycle endurance of 100 rounds. (c) Variation of Vset and Vreset for the three

memory devices. (d) Variation of set current and reset current for the three mem-

ory devices.

sistant resistive memory. Hence, we utilize a typical spin-coating

method to uniformly coat an organic solution dissolved with [(BIZ-

H)2(PbBr4)]n powder onto the FTO to form a layer-by-layer struc-

ture (Fig. S2a in Supporting information). Scanning electron mi-

croscopy (SEM) observed that the prepared films were flat and ho-

mogeneous (Fig. 1h), meanwhile, both the powder and film pat-

terns closely matched the simulated pattern, indicating the main-

tenance of the crystalline state on the films (Fig. S3 in Supporting

information). The sandwich devices with FTO/[(BIZ-H)2(PbBr4)]n/Ag

structure were further prepared with a vertical configuration be-

cause of the typical sandwich-structured resistive switching mem-

ristor (Fig. S2b in Supporting information) [21]. As shown in Fig.

1i, the thickness of the active layer can be estimated from the

cross-sectional SEM image to be about 165nm. It is worth not-

ing that important previous work has shown that the performance

of 2D perovskite-based memristors is independent of the thickness

of the active layer material, and therefore, the active layer thick-

ness was not modulated and compared experimentally in this work

[22]. These characterizations indicate that 2D <100>-orientated

OIHP [(BIZ-H)2(PbBr4)]n were successfully prepared with high ther-

mal decomposition temperatures, and that sandwich-type resistive

memory fabricated with this as the active material is of good qual-

ity and are expected to operate in high-temperature environments.

Encouraged by the good thermal stability and the high qual-

ity of the sandwich resistive memory, the memristive proper-

ties of [(BIZ-H)2(PbBr4)]n were further examined and character-

ized. The FTO/[(BIZ-H)2(PbBr4)]n/Ag device was prepared by in-

corporating an Ag electrode as the top electrode on a layer-

by-layer structure based on [(BIZ-H)2(PbBr4)]n on FTO (Fig. S2

in Supporting information), and the variable-resistance behaviors

of FTO/[(BIZ-H)2(PbBr4)]n/Ag device were measured by a typical

current-voltage (I–V) curve. As shown in Fig. 2a, the I-V charac-

teristics of the device at room temperature were obtained after

scanning the direct current bias at a fixed position based on -

3V→0 V→ +2 V→ 0 V→ -3V with a ramp rate of 0.5V/s. Typ-

ically, the device has bipolar switching characteristics as it can

be set at positive bias and reset at negative bias, and the I-V

curves of FTO/[(BIZ-H)2(PbBr4)]n/Ag device are analyzed in detail:

at -3V→0V→ +0.80V, the value of current is small, presenting

a high resistance state (HRS) until the voltage reaches approxi-

mately +0.80V, at which point the current suddenly increases and

the corresponding voltage is identified as the "set" voltage (Vset).

At +0.80V→ +2V→0V, the current value increases significantly,

presenting a low resistance state (LRS). Subsequently, an opposite

"reset" process (Vreset) is also observed when the voltage is swept

from 0V to -2.22V. The average Vset and Vreset of the ten cycles

are 0.92V and -2.09V (Fig. S4 in Supporting information). Further-

more, to verify the reproducibility of its resistance-variable storage

performance, the device was subjected to 100 rounds of I-V cycling,

as shown in Fig. 2b, where the resistance window (HRS/LRS ratio)

of the device is relatively large at 0.1V, with the mean HRS and

LRS values of 1.06×104 and 4.52×101 �, which is large enough to

differentiate between high and low resistance states, showing that

the RS behavior of the device has good consistency over 100 con-

secutive cycles. In addition, to avoid randomness in the resistance-

variable storage performance, the switching voltages and currents

of the three devices prepared using the same method between the

low- and high-resistance states were extracted (Figs. 2c and d), im-

plying that the switching uniformity is reproductive. These results

indicate that the 2D <100>-orientated OIHP [(BIZ-H)2(PbBr4)]n has

great potential as an active layer material for non-volatile memory

applications.

Exploring high-performance data memory devices in harsh

high-temperature environments is very important for specialized

industries such as geological exploration, petroleum, steel and

chemical production, therefore, the memory performance of the

[(BIZ-H)2(PbBr4)]n-based RRAMs at various high temperatures was

evaluated [23]. Firstly, the I-V curves of the device were deter-

mined at 100 °C with the same programmer settings of room tem-

perature. The results show that the average Vset and Vreset of the

device at 100 °C are 0.83V and -2.06V (Fig. S5 in Supporting infor-

mation). Further, the device was subjected to 100 rounds of I-V cy-

cling at 100 °C, and the average HRS and LRS values are 8.74×103

and 4.89×101 �, respectively (Fig. S6 in Supporting information),

which can still clearly differentiate the high and low resistance

states. In attempts to rule out chance in the resistive performance

of the devices at 100 °C, the switching voltages and currents of

the three same devices were extracted between low- and high-

resistance states (Figs. S7 and S8 in Supporting information), which

implies that the switching homogeneity is reproducible. These re-

sults demonstrated that the FTO/[(BIZ-H)2(PbBr4)]n/Ag device can

stably demonstrate the resistive-variable storage performance at

100 °C.
Encouraged by the above outcome, the I-V curve of the [(BIZ-

H)2(PbBr4)]n-based RRAMs at 120 °C was examined to explore the

stability of the resistive-variable performance at higher tempera-

tures. As shown in Fig. 3a, the variable-resistance behavior can be

repeated in random 10 cycles at 120 °C. The average Vset and Vreset

of the random ten cycles in I-V curves of the [(BIZ-H)2(PbBr4)]n-

based RRAMs at 120 °C are 0.75V and -1.99V (Fig. 3b). As for the

endurance test of the device, the device has withstood 100 turns

of I-V cycles (Fig. 3c), and the average HRS and LRS values are

9.49×103 and 4.91×101 �, which are still clearly distinguishable

between high and low resistance, proving that the device can sta-

bly exhibit resistance-variable storage performance under 120 °C.
Similarly, the switching voltages and currents of the three devices

in the low- and high-resistance states were extracted to exclude

chance disturbances (Figs. 3d and e). To further extend the explo-

ration of the resistive storage performance of the device at higher

temperatures, the temperature was raised to 150 °C, but unfortu-

nately, the HRS/LRS ratio at 150 °C is so tiny that the high and low

resistance states cannot be distinguished, implying that the device

fails at 150 °C (Fig. S9 in Supporting information). Hence, a series of

tests on I-V curves under temperature variation confirms that the

[(BIZ-H)2(PbBr4)]n-based RRAMs can withstand a maximum tem-

perature of 120 °C. The resistance storage values at various temper-

atures are listed in Table 1, and the comparison reveals the lowest

Vset and Vreset at 120 °C (0.75 and 1.99V). The HRS/LRS ratio at dif-

ferent temperatures is 2.34×102 (30 °C), 1.79×102 (100 °C), and

3
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Fig. 3. (a) The I–V curves of [(BIZ-H)2(PbBr4)]n-based RRAMs at 120 °C. (b) The averaged Vset/Vreset computed from 10 loops. (c) Cyclic stability testing for 100 rounds. (d)

Variation of Vset and Vreset for the three memory devices. (e) Variation of set current and reset current for the three memory devices. (f) High and low-temperature cycle

times.

Table 1

The main resistance changes parameters at 30, 100, 120 °C.

Temperature

(°C)
Vset

(V)

Vreset

(V)

HRS value

(�)

LRS value

(�)

HRS/LRS

ratio

30 0.92 -2.09 1.06× 104 4.52× 101 2.35× 102

100 0.83 -2.06 8.74×103 4.89× 101 1.79× 102

120 0.75 -1.99 9.49×103 4.91× 101 1.93× 102

1.93×102 (120 °C), demonstrating that the resistive-variable stor-

age performance of the device is not significantly degraded even at

120 °C. Subsequently, in consideration of the thermal reproducibil-

ity of the [(BIZ-H)2(PbBr4)]n-based RRAMs, the device was raised

from 30 °C to 120 °C and then cooled down, and the cycle was

repeated three times, and the high and low resistance states main-

tained (Fig. 3f), indicating that the device possesses a good thermal

reproducibility. The performance indicators of the devices at vari-

ous temperatures are aggregated in Table 1, which indicates that it

provides new possibilities for the application of resistive variable

memories in high-temperature environments.

The resistive-variable storage performance of OIHPs-based de-

vices can usually be attributed to the formation of conducting fila-

ments due to the migration of halide (iodine or bromine) vacancies

[24]. To illustrate the possible carrier transport mechanisms of the

FTO/[(BIZ-H)2(PbBr4)]n/Ag resistive-variable memory devices, the I-

V characteristic curves have been redrawn in double logarithmic

scale coordinate diagrams (Fig. 4) and the initial state of the de-

vice is shown in Fig. 5a. The fitting results imply that when the

positive bias voltage in the HRS region is low, the slope of the fit-

ted curve is about 1.12, which follows Ohm’s law (I∝V), the injected

carriers are dominated by thermal activation, and the injected elec-

trons are trapped in the OIHP layer. (BIZ-H)+ has a narrow poten-

tial barrier and the injected carriers undergo an electron tunneling

effect transport into the inorganic layer [22]. As the positive bias

voltage increases, the slope of the fitted curve increases to 1.93,

which is consistent with the space charge limiting current (SCLC)

mechanism, and all traps are gradually filled with injected carri-

ers [25], which generates a reversed inward electric field that pre-

vents the carriers from further injected into the OIHP layer [26],

the injected carriers dominate the conduction behavior [27], and

the injected carriers grow exponentially, and the current spike re-

sults in the transition of the device from the HRS to the LRS, and

the slope of the fitted curve is approximately 1.02, which is con-

Fig. 4. The lgI−lgV curves with fitted conduction mechanism under (a) positive-

and (b) negative-voltage sweep at 30 °C, (c) positive- and (d) negative-voltage

sweep at 100 °C, (e) positive- and (f) negative-voltage sweep at 120 °C.

sistent with Ohm’s law (Fig. 4a). Br- ions migrate along the direc-

tion of the electric field, leaving Br- vacancies in the (BIZ-H)+ (Fig.

5b) [14]. As the applied voltage increases, Br- conductive filaments

are gradually formed (Fig. 5c). However, during the reverse voltage

scan, the device decreases abruptly from LRS to HRS, and the con-

duction mechanism follows Ohm’s law, SCLC, and Ohm’s law (Fig.

4b). In reality, this Br- conductive filament is so thin that it can

be easily destroyed by applying a reverse voltage, causing the de-

vice to regress from LRS to HRS (Fig. 5d). These mechanistic mod-

els have been published in other perovskite-based resistive mem-

4
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Fig. 5. Mechanism of resistance change in [(BIZ-H)2(PbBr4)]n-based RRAMs at (a)

initial state, (b) Br- migrate, (c) set and (d) reset state.

ories [28,29]. The SCLC slopes at positive voltage increase gradu-

ally with increasing temperature, from 1.93 (30 °C) to 2.64 (100

°C, Figs. 4c and d), and 2.89 (120 °C, Figs. 4e and f), which demon-

strates that the thermally activated traps are significantly enhanced

with increasing temperature. The significant decrease in HRS resis-

tance with increasing temperature confirms that the SCLC process

is controlled by the traps [30].

Given further exposing the role of thermal effects on the re-

sistive change storage properties, single-crystal structure analysis,

IR, and fluorescence spectra were utilized for exploration. Firstly,

to probe the effect of thermal stimulation on the structure of the

perovskite, X-ray single diffraction was used to clarify the struc-

ture of [(BIZ-H)2(PbBr4)]n at 30 °C (labeled α-1) and 120 °C (la-

beled β-1), focusing on the assessment of the interfacial interac-

tions of (BIZ-H)+/(PbBr4)n2n- in response to thermal stimulation.

After heating to 120 °C, compared to α-1, the Pb-Br bond lengths

of β-1 become more uniform and the distortion of the octahe-

dra decreases, with the values of �dPb(1) and �dPb(2) decreasing to

1.74×10–5 and 2.85×10–6, σ 2
Pb(1) dropping to 13.21, and σ 2

Pb(2) is

14.07 remaining essentially constant (Table S2 in Supporting infor-

mation). Some of the hydrogen bondings after heating vary little,

others become shorter and tend to be strengthened (Fig. 6 and Ta-

ble S3 in Supporting information), which will inhibit Br- migration

or may deactivate the thermally activated traps, leading to a failure

of the resistive change performance of the device at high temper-

atures. The Pb-Br···π stacking interactions before and after heating

are not noticeable modifications (Table S4 in Supporting informa-

tion), suggesting that they are not responsible for the dominant

resistive change properties. The interlayer distance is shortened to

14.4481(20) Å, enhancing Br- migration and leading to a decrease

in Vset and Vreset with increasing temperature.

Afterward, to further verify the effect of heating on the mi-

crocrystalline structure, the temperature-dependent IR and UV–vis

spectra were tested, which showed two new absorption peaks after

heating for IR spectra (Fig. S10 in Supporting information). One of

the peaks at 3755 cm-1 is attributed to the N-H bond vibration in

the imidazole ring and the other peak at 2347 cm-1 can be credited

to the resonance of (BIZ-H)+ [31]. For temperature-dependent UV–

vis spectra (Fig. S11a in Supporting information), there are two-

dimensional OIHPs characteristic broad excitation absorption bands

at 241, 300, 419 and 442nm [32]. Based on K-M calculations of the

UV–vis spectra, a slight tendency for the optical gap to decrease

upon heating can be calculated (2.75 eV at 30 °C and 2.74 eV at 120

°C, Fig. S11b in Supporting information), which implies that the in-

terlayer distance becomes shorter [14,33].

Eventually, fluorescence spectra were examined to explore the

relationship between heating and traps. From Fig. 7a, it can be

seen that the quenching of fluorescence occurs with increasing

temperature, which is due to the thermally induced change of

the crystalline structure from α-1 to β-1 and the appearance of

a large number of non-radiative traps, which results in a strong

Fig. 6. Hydrogen bondings between (PbBr4)n
2n- layer and (BIZ-H)+ cations at (a) 30 °C and (b) 120 °C. (PbBr4)n2n- stacking plots of interlayer distances at (c) 30 °C and (d)

120 °C.
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Fig. 7. (a) Fluorescence spectra at various temperatures. (b) CIE-1931 chromaticity

chart of [(BIZ-H)2(PbBr4)]n .

thermal quenching. The fluorescence emission peak is red-shifted

by 9nm from 459nm (2.70 eV, 30 °C) to 468nm (2.65 eV, 120 °C),
which is in line with the trend of optical gap changes derived

from K-M calculations of UV–vis spectra and is due to Br- vacan-

cies in the perovskites with similar activation energies [34]. The

fluorescence intensity and peak position show a recovery trend af-

ter cooling, which is attributed to the self-elimination of intrin-

sic defects and non-radiative traps induced by cooling, which sup-

presses the non-radiative complexation and fluorescence recovery

[35]. Thermally-induced fluorescence quenching and recovery can

also be seen to be reversible from CIE-1931 chromaticity diagrams

and photographs of crystals under UV light (Fig. 7b and Fig. S12 in

Supporting information), which confirms the thermal reproducibil-

ity of the [(BIZ-H)2(PbBr4)]n-based RRAMs.

In brief, the results from X-ray single-crystal structure analy-

sis, IR, UV–vis, and fluorescence tests at high and low tempera-

tures provide a plausible explanation for the influence of heat on

the resistance-varying performance of RRAMs constructed by [(BIZ-

H)2(PbBr4)]n-based. The thermally induced enhancement of partial

hydrogen bonding, shortening of interlayer distance, reduction of

PbBr6 octahedral distortion, smaller optical gap, and fluorescence

quenching are favorable to the formation of thermally activated

traps, which leads to the better resistive change performance with

lower Vset and Vreset and stable HRS/LRS ratio.

In summary, the novel 2D <100>-type OIHP based on benzim-

idazole is adopted as an active layer material for the preparation

of an FTO/[(BIZ-H)2(PbBr4)]n/Ag resistive-variable memory, and de-

tail explored the temperature dependence of the device and veri-

fied its thermally enhanced resistive performance. At room tem-

perature, the rewritable FTO/[(BIZ-H)2(PbBr4)]n/Ag sandwich-like

device exhibits promising resistive-variable storage performance,

excellent HRS/LRS ratio (>102), low Vset and Vreset (0.92V and -

2.09V), and the [(BIZ-H)2(PbBr4)]n-based resistive-variable mem-

ory can be operated at high temperatures of 100, 120 °C main-

taining excellent repeatability and stability. More fundamentally,

we have investigated the mechanism of the thermally enhanced

resistivity of the device from the perspective of the crystal mi-

crostructure. As the temperature increases, some hydrogen bond-

ing in the crystal structure is enhanced, the interlayer distance is

shortened, the PbBr6 octahedrons distortion is reduced, the optical

gap becomes smaller and the fluorescence is quenched, and the

thermally activated traps dominate, and the device exhibits lower

Vset and Vreset as well as significantly differentiated HRS/LRS ratios.

These results provide new opportunities for the development of

novel perovskite-based resistive memories that operate under ex-

treme conditions.
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