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Abstract.

We report on the impact of the growth method and substrate-induced crystalline

quality on the performance of planar Al/Gd0.2Ca0.8MnO3/Au memristor devices.

Structural, magnetic, and resistive properties were thoroughly examined for

fundamental characterizations, with a particular emphasis on their correlation

with the memristive properties of fabricated devices. Our findings suggest that

memristor structures grown on single crystal SrTiO3 substrates using pulsed

laser deposition consistently exhibit superior crystalline quality compared to those

fabricated using chemical solution deposition and on silicon-based substrates.

Despite variations in growth method and substrate, all memristor structures display

typical resistive switching behaviour, distinguishing between high-resistance and low-

resistance states. However, endurance and retention measurements demonstrate that

memristor structures produced via pulsed laser deposition on single crystalline SrTiO3

demonstrate the most favourable resistive switching properties. To elucidate the

mechanisms underlying the differences in resistive switching behavior across substrates

and deposition methods, we extensively discuss these issues in the context of structural

distortion and conduction mechanisms.
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1. Introduction

As technology continues to advance at an astonishing pace, the need for faster and

more efficient memory technologies has become increasingly crucial [1, 2, 3, 4]. One

promising next-generation memory device is the so-called memristor or resistive random

access memory (RRAM), which utilizes materials capable of switching between high

and low resistance states upon the application of electrical pulses. [5, 6, 7, 8].

The advantages of RRAM and its potential applications in emerging technologies

such as artificial intelligence or neuromorphic devices and computer architectures are

undeniable. These include, but are not limited to, new nonvolatile memory systems, the

removal of von Neumann bottleneck and hysteretic multilevel resistance states, valuable

for neuromorphic computing. [9, 10, 11, 12]. However, numerous challenges still need to

be addressed to identify optimal materials and appropriate manufacturing techniques

for practical and commercially viable technologies.

Memristor devices are comprised of a simple structure with a material with a

switchable resistance through a process called resistive switching (RS), which works

as a storage medium, between two metal electrodes [13]. The switching layer can be

composed of simple oxides such as AlOx [14], HfO2 [15], TaO2[16], or more complex

oxides like the so-called perovskites structure materials (e.g. manganites, titanates,

cobaltites, etc) [17, 18], which are particularly intriguing due to their intrinsic forming-

free behavior and quasi-continuous resistive modulation. This analog-like behavior

renders perovskite memristors, particularly those of the manganite family, highly

adaptable for neuromorphic computing tasks and synaptic emulation, offering potential

advantages in terms of energy efficiency and computational precision.

Manganite-based memristor devices, which have a switching layer consisting

of manganite oxides such as La1−xSrxMnO3 (LSMO), La1−xCaxMnO3 (LCMO),

Gd1−xCaxMnO3 (GCMO) and Pr1−xCaxMnO3 (PCMO), all exhibit unique electronic

and magnetic properties although they present similar memristive behavior [19, 17, 20,

21, 22, 23]. As the switching layer of memristor devices, they have shown to have

small device-to-device variability, forming-less operation, and well-controlled analog

resistance states, gaining them attention as a promising material family for memory

and neuromorphic applications with crossbar arrays. In particular, we chose GCMO as

the intermediate layer of the device due to its unique properties., GCMO has recently

emerged as an intriguing candidate among the mixed-valence manganites due to its

charge and orbital ordered state (CO/OO) and insulator-to-metal transition (IMT) near

room temperature [24, 25, 26, 27]. In addition to these properties, GCMO exhibits a high

degree of tunability in its electronic properties with calcium doping. At a high calcium

doping range, GCMO not only exhibits similar memristive properties to more commonly

reported materials like PCMO, but in some cases, it surpasses them [23]. One of the

key advantages of GCMO is its elevated interface resistance in the memristor device.

This results in reduced energy consumption, making GCMO-based devices more energy-

efficient. Furthermore, the high interface resistance also leads to reduced detrimental
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leakage currents in crossbar array architectures [28, 23, 29]. This could be a significant

advantage in the design of memristor devices, where leakage currents can lead to cross-

talk and other unwanted effects.

Therefore, GCMO-based resistive switching memristors present a promising

alternative to existing memristor technologies and have the potential to revolutionize

the field of electronics.

However, manufacturing manganite thin films for interface-type RRAMs is a

challenging task, particularly when using pulsed laser deposition (PLD), which has

limitations when it comes to coating large areas. To overcome this issue, a new process

based on citrate-based aqueous chemical solution deposition (CSD) has been developed

for GCMO [30]. This process is environmentally friendly and capable of producing

high-quality GCMO thin films, suitable for memristor applications integrated into large

silicon wafers. However, achieving the same crystal structure and RS properties as

PLD-produced films presents a challenging task. Achieving this, requires optimizing

the chemical process, identifying the correct substrate or buffer layer material, and

determining the optimal heat treatment process.

In this work, we systematically investigated the impact of growth methods,

specifically pulsed laser deposition and chemical solution deposition, on the production

of high-quality mixed-valence GCMO perovskite memristors for resistive switching-

based memory technologies. We also examined the role of substrate-induced crystalline

nature in this process by comparing the growth of GCMO on single crystal SrTiO3 and,

on the other hand, on Si wafer having thin epitaxially grown SrTiO3 layer on the top.

Through detailed structural analysis using X-ray diffractometry, as well as magnetic

and resistive switching measurements, we discovered controllable properties that could

be exploited in future GCMO-based memory devices integrated with silicon wafers.

2. Experimental details

The Al/Gd0.2Ca0.8MnO3/Au memristive structures (hereafter Al/GCMO/Au) were

deposited on two different substrates by two deposition methods. The substrates utilized

are (1) one-side polished SrTiO3 (hereafter STO) (100) single crystal substrates from

Crystal GmbH with an orientation accuracy <0.5◦ and micro-roughness <0.5 nm and

(2) a Si wafer (Lumiphase Corporation), where a 4 nm thick epitaxial SrTiO3 layer with

surface roughness <0.5 nm and mosaicity of <0.4◦ was deposited (hereafter Si/STO). We

performed atomic force microscopy (AFM) measurements (Bruker Innova®) to confirm

that both the single crystal STO and Si/STO bilayer substrates are almost atomically

flat, with average surface RMS roughnesses 0.22 nm and 0.28 nm, respectively. The

AFM images of both substrates STO (a) and Si/STO (b) together with the schematic

illustrations of the GCMO and substrate materials (c) are given in Fig. 1. To study the

effect of the growth method, in addition to traditionally used pulsed laser deposition

(PLD) [25, 26, 23] , films were also grown using a citrate-based aqueous chemical solution

deposition (CSD) method [30].
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Figure 1: The surface microstructure measured by AFM for (a) single crystal

STO and (b) Si/STO (b) substrates using 2×2µm2 scan area. (c) schematic

illustration of GCMO unit cell together Si(001)/STO(100) bilayer substrate. (d) A

planar Al/Gd0.2Ca0.8MnO3/Au memristor device configuration, where the active AlOx

switching interface is formed due to the oxygen released from the GCMO.

In the PLD process, polycrystalline GCMO targets synthesized in-house by solid-

state method [31] were used by applying 2000 pulses of XeCl laser (λ = 308 nm) with

energy fluence of 1.6 J/cm2 and repetition rate of 5 Hz. The ablation temperature during

the deposition was 700 ◦C, after which the films were in situ post-annealed at 700 ◦C

for 10 min in oxygen atmosphere, before cooling them down to room temperature. The

details of the PLD device and the deposition process have been reported elsewhere

[32, 33]. For the CSD films, one layer of the precursor solution corresponding to GCMO

x=0.8 [30] was first spin-coated on clean and hydrophilic STO and Si/STO substrates

at 5000 rpm in air. The combined drying and pyrolysis was done in an oven at 350 ◦C

for 3 h, using heating and cooling ramps of 0.5◦/min. The final crystallization of the

GCMO phase was obtained in a furnace at 750 ◦C for 24 h in flowing oxygen. From

now on, the abbreviations PLDSTO, PLDSi/STO, CSDSTO and CSDSi/STO will be used

for the names of the samples, related to the manufacturing method and the substrate

material used. The thicknesses of the films as measured over the stripe edge by AFM

were approximately 80 nm, 80 nm, 180 nm and 180 nm for PLDSTO, PLDSi/STO, CSDSTO

and CSDSi/STO, respectively.

The crystalline quality of the films was studied by X-ray diffractometry (XRD)

using PANalytical Empyrean diffractometer in Bragg-Brentano mode. Temperature-

dependent zero-field-cooled (ZFC) and field-cooled (FC) magnetizations were measured

at temperatures between 10 K and 400 K with a Quantum Design MPMS XL
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magnetometer in 50 mT magnetic field. The magnetic hysteresis loops were collected

at 10 K in a field up to 5 T, being parallel to the film plane i.e. along the GCMO

⟨110⟩ direction. The temperature-dependent resistivities were measured with a standard

four-probe method using the current 0.5µA in Quantum Design physical property

measurement system (PPMS).

In addition, resistive switching properties of Al/GCMO/Au in a planar

configuration were characterized using a Keithley 2614b Source/Meter by measuring

pulsed I − V loops at room temperature. After each write pulse in the I − V , a small

read voltage of 0.2 V in amplitude and 50 ms in width was applied to obtain remnant

resistance values i.e. Rprobe. This type of curve is called resistance hysteresis switching

loops (RHSL) and provides a clear view of the behavior of the non-volatile resistance of

the devices as well as accumulation effects, since we are in fact accumulating pulses of

the same polarity. The RSHL are fabricated by plotting the upon the Rprobe measured

at Vread against the last applied writing pulse V . Thus, Rprobe and R are only equal

when V = Vread

To obtain reliable high and low resistance states (HRS and LRS, respectively)

and thus the maximal switching ratio, 50 cycles were applied by varying the voltage

range between the values Vmin and Vmax. The retention and endurance measurements

of the devices were measured using an ArcONE Memristor Characterization Platform

by ArC Instruments™. As schematically illustrated in Fig. 1(d), the Au electrodes were

deposited on top of the GCMO film using an E-beam evaporator of Elettrorava S.p.A.

and an active Al interface producing AlOx barrier layer between Al and GCMO was

implemented by wiring another electrode on the GCMO surface using a TPT HB05

Wire Bonder with a 33µm diameter aluminum wire.

3. Results

3.1. Microstructure and crystalline quality caused by substrate and growth method

Based on the XRD θ − 2θ diffractograms, the films are phase pure. Regardless of the

deposition method or substrate, they grow with the GCMO (00l) peaks along the out-

of-plane direction of the film. The pole figures of the texture scans for the GCMO (204)

reflections in Fig. 2(a) reveal four relatively sharp maxima at 90◦ intervals in films

deposited by CSD on both STO and Si/STO substrates. This indicates good in-plane

ordering, high crystallinity, and epitaxy.

We identified the positions of the GCMO peaks and their full widths at half maxima

(FWHM) by fitting the peaks with a pseudo-Voigt function. The obtained lattice

parameters are shown in Table 1 and they do not significantly change with either growth

method or substrate material. Moreover, they closely resemble either the nominal values

or the measurements observed for the polycrystalline bulk GCMO samples, such as

a=5.29 Å and b=5.33 Å [24]. However, these dimensions are notably smaller than the in-

plane lattice parameters of the STO (5.52 Å along the diagonal), suggesting the presence
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Figure 2: (a) The pole figures of the texture scans with relative intensities for (204)

peaks of GCMO deposited by CSD on STO and Si/STO substrates. (b) GCMO (224)

peaks as a function of 2θ and ϕ for PLD and CSD deposited films on Si/STO substrates.

Table 1: Structural properties such as unit cell parameters, cell volume, FWHM widths

of the XRD peaks and the thickness of the films determined from the room temperature

XRD and AFM data.

Sample a (Å) b (Å) c (Å) Vcell (%) ∆θ004 (◦) ∆ϕ204(
◦) d (nm)

PLDSTO 5.28 5.33 7.49 210.6 0.4505 1.79 80

PLDSi/STO 5.29 5.33 7.46 210.2 0.2109 1.97 80

CSDSTO 5.31 5.29 7.48 209.9 0.4627 2.12 180

CSDSi/STO 5.26 5.23 7.36 202.4 0.4839 3.36 180

of tensile strain during the initial growth stages. When examining the peak widths in

the 2θ-direction, the PLD film grown on a Si/STO substrate exhibits much narrower

peaks than respective films grown on STO. This suggests that the strain in PLDSi/STO

relaxes much faster than in single crystal STO.

Moreover, a larger structural in-plane variation in CSD-grown films is evidenced by

the significantly broader ϕ peaks, as can be observed in Fig. 2(b) and in Table 1. These

findings indicate a considerable amount of low-angle grain boundaries in CSDSi/STO,

resulting in strain relaxation of GCMO. Coincidentally, the thin film produced with CSD

and grown on a Si/STO substrate has the smallest lattice parameters in all directions,

leading to a significantly smaller unit cell volume.

3.2. Differences in magnetic and resistive transitions

The magnetic transitions of the PLDSTO, PLDSi/STO, CSDSTO, and CSDSi/STO samples

were investigated by measuring the zero-field-cooled (ZFC) and field-cooled (FC)
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Figure 3: Temperature dependence of the zero-field-cooled (ZFC) magnetization of

GCMO measured in 50 mT field for PLDSTO, PLDSi/STO, CSDSTO, and CSDSi/STO

samples (main panel). The lower inset exemplarily shows the temperature-dependent

resistivities of the same samples, whereas the inset on the top illustrates how the room

temperature resistivities ρRT vary within all the samples. The resistances of the samples

grown on Si/STO samples are too high, and thus the complete temperature dependence

could not be measured.

magnetizations in the temperature range of 10–400 K at a field of 50 mT. Additionally,

to clarify the differences in remanent magnetizations as well as in coercivity fields, the

magnetic hysteresis loops were measured up to 2.5 T at temperatures of 10 K and 300 K,

results that are summarized in Table 2. The ZFC curves for all samples are shown in

the main panel of Fig. 3. From the figure, it is evident that all the samples exhibit

a complex magnetic behaviour with a mixture of competing ferromagnetic (FM) and

antiferromagnetic (AFM) states, which can be attributed to the FM double exchange

interaction between Mn3+ and Mn4+ ions in the non-ferromagnetic matrix, as well

as the AFM superexchange interaction between Mn3+-Mn3+ and Mn4+-Mn4+ pairs

[34, 35]. The magnetic ordering temperature, TN, was estimated from the M(T ) curves

by determining the minimum of the derivative, dM/dT . As shown in Table 2, TN is

approximately 25 K lower in films prepared by CSD compared to PLD films, regardless

of the substrate material utilized. The small peak observed in the ZFC curves below

TN can be attributed to spin-glass behaviour resulting from the competition between

FM and AFM interactions [25]. Furthermore, as indicated in Table 2, the remanent

magnetization is smaller and the coercivity field is greater in films grown by CSD

compared to those deposited by PLD. This can be linked to the greater number of

low-angle grain boundaries that can pin the domain walls [36, 37], or to the different

spin rotation between AFM and FM coupled domains [38, 39].

To study the temperature dependence of resistance temperature, Au stripes were

evaporated on the two edges of the GCMO samples. Results for STO samples are

shown in the lower inset of Fig. 3, the resistivity levels and shapes of the R(T ) curves
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Table 2: Essential magnetic and electric properties of the samples: Néel temperature

TN, remanent magnetization MRem, coercive field Bc and the resistivity measured at

room temperature ρRT.

Sample TN (K) MRem (103 A/m) Bc (mT) ρRT (Ω·m)

PLDSTO 123 6.5 2.5 2.3·10−5

PLDSi/STO 122 4.8 7 2.0·10−2

CSDSTO 96 1.4 47 3.3·10−4

CSDSi/STO 99 3.0 27 2.3

exhibit significant differences among the samples. The main distinctions between the

samples are summarized in the upper inset of Fig. 3 and Table 2, where differences

in resistivity at room temperature can be observed. For instance, the resistivity of the

GCMO film grown on PLDSTO measures 23 µΩm, whereas the same film grown on a

Si/STO substrate exhibits a resistivity three orders of magnitude higher. Similarly,

compared to PLD, the CSD method consistently yields higher resistance in GCMO

films. As a result, the GCMO film grown on CSDSi/STO displays a significantly higher

resistivity of 2.3 Ωm at room temperature. This clearly indicates that the thin STO layer

grown on the Si wafer considerably inhibits the in-plane growth of GCMO, rendering

it insufficiently conductive to serve as a bottom electrode in the capacitive memristor

structure. These resistance findings align well with our structural studies, which revealed

a broadening of the ϕ-peak on the plane in CSDSi/STO compared to other samples.

3.3. Resistive switching properties in planar memristors

Our previous research has already shown the existence of resistive switching

characteristics in GCMO, prepared both by PLD and CSD, on single crystal STO

substrates [23, 30, 40]. The phenomena are again confirmed here in addition to the

Si/STO substrate as well for both deposition methods as depicted in Fig. 4 (a) for PLD

and (c) for CSD-prepared films on STO. Respectively prepared GCMO films on Si/STO

substrates also show resistive switching, which can be seen from Fig. 4 (b) and (d).

In Figure 4, we present the resistive switching results for PLDSTO, PLDSi/STO,

CSDSTO and CSDSi/STO. The R − V (red) and Rprobe − V (blue) curves illustrate

the distinct behaviors for the write and read pulses, respectively. For PLDSTO (a),

a stable resistive switching with a difference between high (HRS) and low (LRS)

resistance states of around one order of magnitude. This contrasts with the behavior

of PLDSi/STO (b), which shows very unstable switching with a reduced hysteresis,

which is calculated by the difference between the states at bias voltage (< 0.5V).

It is noted that due to apparent instability in PLDSi/STO the bipolar nature of the

RS becomes indistinct. However, in our previously published research the bipolar

RS is apparent in an identical device [40]. Similarly, to what was observed in PLD,

CSDSTO (c) demonstrates improved performance over CSDSi/STO (d), indicating that

the STO buffer layer incorporated in the silicon substrate significantly reduces resistive
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Figure 4: Resistive switching results including R−V (red) probed Rprobe−V (blue) for

PLDSTO, PLDSi/STO, CSDSTO, CSDSi/STO, respectively in (a), (b), (c) and (d).

switching characteristics, which corresponds to a decrease in the film crystal quality.

These results underscore the importance of fabrication processes in the development

of high-performance, multifunctional devices. There are notable differences between

samples regarding the SET/RESET voltages. Indeed both devices on STO demonstrate

similar well-localized voltage values above +4 V for setting the device into LRS and

voltage close to -0.2 V for resetting the device back to HRS, although the SET process

happens more gradually. However, CSDSi/STO shows gradual multi-state switching in

both SET and RESET. In PLDSi/STO determining RESET voltage is not practical due

to apparent instability but the gradual SET process above +4 V is clear. The relatively

high SET voltage and the apparent asymmetry in switching are apparent characteristics,

which have already been demonstrated in our manganite-based RS devices [23, 41, 30].

However, SET voltage amplitude for setting the GCMO-based device to a particular

resistance state dependents on the preceding RESET voltage amplitude [30]. Applying

the asymmetric voltage amplitudes with opposite polarities therefore enables analog

control, demonstrated also in other systems [42, 43].

In addition to R − V curves, we also investigated the effects of the crystallinity

and deposition methods in other relevant memristive properties such as endurance and

memory retention. Polarity alternating SET/RESET-pulses, with a low reading voltage

of 0.2 V/0.4 V in between, were used to study the endurance of the resistive states in

the devices. In addition, the devices were checked for their resistive state retention, in
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Figure 5: (a) Endurance and (b) retention results for single PLDSTO device. The

combined and normalized endurance (c) and retention (d) results for all the samples

presented as box plots. The boxes represent the quartiles of HRS and LRS stages on

both sides of the median, and the whiskers depict the extreme values of the parameter.

which the device was SET/RESET by applying a set of ten voltage pulses, each pulse

with 50 ms width. As an example, the respective raw results for PLDSTO are presented

for endurance and retention in Fig. 5 (a) and (b). It is demonstrated that during the

repetitive SET/RESET pulsing the resistance gap between LRS and HRS is diminished

as both states move closer to an intermediate state. However, despite this the LRS

and HRS states remain clearly distinctive throughout the endurance characterization.

We have observed a similar phenomenon in our previously reported results on GCMO

memristors [23]. The endurance results for other samples here did not reveal clear

state decay toward an intermediate resistance state. Instability in the endurance was

detected, as identical SET/RESET pulsing set the devices in different resistance states.

In retention results, it is clear that the LRS state relaxes towards the stable HRS state,

while again the LRS and HRS remain distinctive.

The collected endurance and retention results for the samples are presented in

Fig. 5 (c) and (d), respectively, as box and whisker plots. The results are normalized

according to LRS median for clarification. Statistically, all devices exhibit distinct LRS

and HRS characteristics in both endurance and retention. However, there is a slight

overlap in the extreme values of the states observed for PLDSi/STO and CSDSTO samples

in the retention measurements. This is due to LRS relaxation towards the HRS state.
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Figure 6: Schematic figure illustrating the discussion topics on structural deformation

and its influences on GCMO films. Schematic films represent PLDSTO (upper) and

CSDSi/STO (lower). The discussion includes increased bulk resistance ρRT – measured

through ohmic Au pads (yellow pads in the figure) – and higher coercivity field (Bc)

due to structural deformation along with lower magnetic ordering temperature (TN) in

CSD fabricated films on STO buffered silicon. All the films exhibited resistive switching

–measured through Al (grey pads in the figure) and Au pads– but the switching ratio

is higher and the phenomenon appears more stable in PLD film fabricated on STO

substrate.

Interestingly, CSDSi/STO showed the most stable LRS state without significant decay in

the retention. This is demonstrated by minimal statistical deviations from the median

as depicted in Fig. 5 (d). The presented results in (c) and (d) represent the selected

best result set. Indeed, the apparent impression was that the results for PLDSTO seemed

the most consistent between various devices on the same GCMO sample, while other

samples showed more variation in device performance. This was tested by measuring

the characteristics of additional five identical device junctions for both PLDSTO and

CSDSi/STO. Although devices on PLDSTO showed some variation, all the devices showed

distinctive LRS and HRS states, while none of the additional CSDSi/STO-based devices

showed RS performance. This confirms the impression stated that CSDSi/STO-based

devices showed inconsistent RS characteristics. However, similar inconsistencies were

not apparent in CSDSTO.

4. Discussion

From the measurements, we also note an increasing trend in ∆ϕ of GCMO phase when

substituting PLD fabrication with CSD and STO substrates with Si/STO. Both of

these changes were also accompanied by increased resistivity accordingly, while TN
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decreased when only STO was substituted. Additionally, all the samples showed RS

characteristics, but the performance was inconsistent, especially in CSDSi/STO, and

PLDSTO-based devices appeared the most consistent in their RS performance. The

Fig. 6 illustrates these remarks and the following discussion.

The structural changes have their response in ohmic conductive properties since

structural defects induce charge scattering but also the disruption of Mn–O–Mn bonds

could potentially alter the conduction in a perovskite manganite film [44, 45]. Although

the spin-dependent double exchange conduction in GCMO is likely to have little to no

effect at room temperature due to TC ≈ 100 K and the antiferromagnetic phase being

predominant in x = 0.8, small polaronic hopping conduction, evidenced in GCMO at

higher temperatures [26], is to be influenced by structural defects due to increased

activation energy. Therefore, the correlation between structural defects and ohmic

resistivity of GCMO phase appears as would be expected. In addition, the detail

regarding the structural analysis is that while CSDSi/STO shows the highest ∆ϕ-value,

the ∆θ-value, although being the highest, does not stand out from the respective value

for PLDSTO. This seems to suggest that strain relaxation is not imminent despite the

pronounced structural deformation, such as low-angle grain boundaries.

The disparity observed in films prepared via CSD, is not only manifested in the

structural characteristics of the film but also in how it impacted the film’s resistivity

and compromised its memristive properties. Previous research has demonstrated

the heightened sensitivity of the interface between STO and Si to re-crystallization

temperature [46]. At temperatures as low as 500 ◦C, SrO desorption at the interface is

initiated, leading to a discernible roughening of the film surface. Given the potential

significance of such interface alterations, especially in the case of our thin STO layers

with a mere thickness of 3–4 nm, we conducted preliminary tests, manipulating the

crystallization temperature in the STO/Si substrate scenario.

As depicted in Fig. 7, the crystallization temperature significantly influences the in-

plane and out-of-plane structural properties of GCMO thin films grown on a CSDSi/STO

substrate. Notably, the full width at half maximum (FWHM) of the peak in the ϕ-

direction reduces by approximately half as the crystallization temperature decreases

from 750 ◦C to 600 ◦C. This reduction indicates a substantial enhancement in in-plane

crystalline quality, characterized by a noticeably diminished prevalence of low-angle

grain boundaries. Similarly, the improvement in out-of-plane crystallographic texture is

even more pronounced, with the FWHM of the ω-scans decreasing to around a quarter.

This suggests that at a lower temperature of 600 ◦C, the crystallized film exhibits a

significantly longer lattice coherence length along the GCMO out-of-plane direction

[47].

Despite the improved crystalline quality due to lower crystallization temperature

in CSDSi/STO films, the device yield for RS is still not comparable to PLD fabricated

devices on STO. We believe that this arises from the fact that STO-buffered Si substrates

used in CSD might not provide a solid setting for device construction by a wire bonder.

Indeed the resistance of the STO buffered silicon substrate is in the range of 1–10
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Figure 7: The normalized XRD rocking curves (ω-scans) of the GCMO (004) peaks

measured from the GCMO films on CSDSi/STO substrate crystallized at different

temperatures of 750 ◦C and 600 ◦C. The inset shows the GCMO (204) peaks as functions

of 2θ and relative ϕ for the same films treated at 750 ◦C and 600 ◦C.

MΩ. This is likely to suppress the detection of any HRS state exceeding the substrate

resistance, since an intrusion by Al wire short-circuiting over the GCMO layer directly

to the substrate will act as a leakage path.

The phenomenon of resistive switching in manganite-based systems is seen to be

linked to interfacial oxygen exchange between two acting electrodes [48, 49, 50, 51, 52,

53]. Our previous research demonstrates that epitaxial films are not a prerequisite

for the resistive switching phenomenon in GCMO [40]. This is also suggested by

the work conducted on various manganite-based devices reported in the literature

[54, 55, 56, 57, 58]. Hence, the results showing resistive switching in all our samples

here, despite the significant structural distortion in GCMO, are in line with previous

reported results. Although a more careful device fabrication is needed to account for the

low device yield, as a new accomplishment the current work clearly demonstrates that

CSD-based GCMO fabrication is successful in developing memristive planar devices

on multiple substrate materials. The phenomenon of resistive switching remains

robust against structural distortion resulting from CSD. Notably utilizing buffered

silicon substrates resulted in successful devices. With further device optimization by

engineering capacitive device structures, we expect a significant improvement in device

yield fabricated on the buffered silicon substrates. Fabricating devices on top of Si

substrates is an important requirement for the seamless co-integration of this new

technology with existing semiconducting fabrication facilities.

5. Conclusions

In conclusion, our findings highlight the critical importance of both the growth method

and substrate-induced crystalline quality in shaping the performance of Al/GCMO/Au
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memristor devices. Notably, memristor structures fabricated via pulsed laser deposition

(PLD) on single crystal SrTiO3 (STO) substrates consistently demonstrate superior

crystalline quality, resulting in enhanced resistive switching properties. Conversely,

structures produced using chemical solution deposition (CSD) and on silicon-based

substrates exhibit compromised structural integrity, leading to increased resistance

in the GCMO layer and weakened resistive switching behavior. These observations

underscore the necessity of meticulously selecting growth methods and substrate

materials to optimize memristor performance across diverse applications. Moreover,

our discussion of underlying mechanisms provides valuable insights into the phenomena

governing changes in resistive switching properties, thereby laying the groundwork for

future advancements in memristor technology.
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