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ABSTRACT

In this work, the effects of 120 MeV Ag ion irradiation on the switching prop-

erties of Au/HfO2/Au-based Resistive Random Access Memory (RRAM)

devices are reported. The ion fluence is varied between 5 9 1010 and 5 9 1012

ions/cm2 while two device sizes, with active areas 10 lm 9 10 lm and

20 lm 9 20 lm, are tested. In each case, 16 devices are subjected to ion irradi-

ation and it is shown that the set voltages are generally lower and the spread in

the switching voltages is reduced for the irradiated samples in comparison to

the pristine devices. The existence of a critical dose of 5 9 1011 ions/cm2 up to

which an improvement in the device performance is observed. Photolumines-

cence studies indicate the presence of oxygen-related vacancies in both pristine

and irradiated samples, which may be the reason for the observed forming free

switching behavior. Swift heavy ion irradiation is, thus, a simple but effective

technique to tune the performance of HfO2-based resistive switching devices.

The study also indicates the significance of radiation damage and reliability of

these devices beyond a critical fluence.

1 Introduction

Resistive random access memory (RRAM) devices

have been identified as potential building blocks for

future nonvolatile memory and reconfigurable hard-

ware devices [1, 2]. RRAMs have attracted significant

attention because of their high density memory

architecture [3, 4], low power consumption, faster

switching [5] and longer retention time when com-

pared to conventional nonvolatile memory (NVM)

devices [6, 7]. These emerging devices are expected to

replace the currently used floating gate devices, in
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near future [8–10]. Applications of RRAMs are not

only limited to data storage devices but also to pro-

cessing elements such as logic gates [11]. ‘‘In-memory

computation’’ is envisaged with the advent of RRAM-

based digital logic circuits. Based on the nature of

switching mechanisms involved, RRAMs also find

applications in neuromorphic systems [12, 13]. A

natural consequence of the promise shown by RRAM

devices is their deployment in space and nuclear

electronics which operate in radiation harsh envi-

ronments. It is, thus, important to study the effects of

ion irradiation, radiation damage and reliability of

these devices. However, such studies are very limited

in literature [14–16]. Swift heavy ion (SHI) irradiation

is a versatile technique to engineer material proper-

ties as well as to simulate the radiation damage in

laboratory. Radiation damage produced in space over

longer periods can be realized in shorter intervals by

selecting appropriate species and energy. Further, the

damage due to fission fragments in Nuclear reactors

and radiation from solar flares/supernova can be

estimated directly by SHI irradiation studies. Previ-

ous reports suggested that in general, the RRAMs are

more tolerant to radiation when compared to floating

gate devices [17]. However, the effects of radiation

damage critically depend on the nature of materials,

their phases and interfaces that constitute the device

[14].

Resistive Switching (RS) behavior has been repor-

ted in many transition metal oxides including HfO2

[4, 18, 19], ZrO2, CuxO [20], TiO2 [21], TaOX, WOX

[22]. HfO2 seems to be the most promising material

for future microelectronic compatible RRAMs [5, 23],

in view of its success as a gate dielectric in metal

oxide semiconductor (MOS) devices [24, 25]. Radia-

tion damage studies indicate that both electron and

hole traps coexist in HfO2, whereas only electron

traps exist in SiO2 [23, 26]. SHI irradiation can

improve the performance of an HfO2-based MOS

capacitors below a critical fluence (track overlap flu-

ence) and the device may get deteriorated above this

fluence [25]. Further, the effects of SHI irradiation

critically depend on the initial phase of the material,

size and shapes of the grains [27–29]. Monoclinic

phase is introduced when amorphous HfO2 is sub-

jected to SHI irradiation. However, irradiation on an

initially monoclinic phase HfO2 resulted in the for-

mation of tetragonal phase [29]. Previous gamma

irradiation studies indicated that a low dose treat-

ment (below 12 kGy) can improve the performance of

HfO2-based RRAMs. The devices are totally damaged

when subjected to a dose of 48 kGy [30]. The distri-

bution in set and reset voltages is found to increase at

higher doses [19, 30]. A recent report on the effects of

1.1 GeV Au irradiation on the performance of reac-

tive molecular beam epitaxy (RMBE) grown mono-

clinic-HfOx-based RRAMs (TiN/m-HfO2-x/Pt/Au/

c-Al2O2) emphasizes the importance of such studies

in this domain [8]. There are, however, no studies on

high energy Ag ion irradiation induced performance

tuning of amorphous HfO2-based RRAM devices.

Therefore, in this study, RF-sputtered amorphous

HfO2 has been employed as switching medium [31].

Patterned Au/HfO2/Au-based RRAM structures

have been fabricated using various thin film deposi-

tion and photolithographic techniques. The effects of

120 MeV Ag irradiation on the structural properties

of HfO2 and consequent effects on the switching

properties of corresponding RRAM devices have

been studied. Further the effects of film thickness and

the device area on the performance of RRAM devices

and their radiation response have also been studied.

2 Experimental details

HfO2 thin films, of 50 and 30 nm thickness, were

produced by RF Magnetron sputter deposition from a

target of 2-inch diameter and 3 mm thickness in Ar

atmosphere (30SCCM). The 100 nm thickness Au top

and bottom electrodes were prepared by e-beam

evaporation using a 6-kW power supply for the

electron gun at a constant deposition rate of 1.0 Å/s.

A thin layer of 10 nm Cr was deposited by thermal

evaporation on Si prior to the deposition of bottom

electrode (Au) for good adhesion. The base pressure

for the RF magnetron sputtering and evaporation

processes were 4.2 9 10–6 and 1 9 10–6 mbar,

respectively.

HfO2-based RRAM devices were fabricated on Si

substrates (p type with 1–10 X-cm). The standard

RCA processes were employed for cleaning Si sub-

strates [19, 32]. The devices were fabricated using

standard in-house photo lithography techniques in

cleanroom. A photoresist of i-line positive tone and

an ultraviolet (UV) mask aligner (MJB4 of Suss

Microtech) were used for photoresist exposure. Bot-

tom electrode (BE), active layer (HfO2) and top elec-

trode (TE) were deposited through different masks as

needed. Process flow of lithography, deposition and
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lift-off has been performed at each stage. Figure 1

shows the different stages of lithography for fabri-

cating cross bar structure of RRAM devices employed

in this work.

Four sets of devices (labeled as R1–R4) with active

area of 10 lm 9 10 lmand 20 lm 9 20 lmand active

layer thickness of 50 nm and 30 nm were fabricated

and the details are given in Table 1. Further, the SHI

irradiation has been performed on R3 and R4 devices

using the 15 MV Pelletron accelerator at the Inter

University Accelerator Centre (IUAC), New Delhi to

investigate the effects on the performance of these

RRAM devices. For this purpose, 120 MeV Ag ion

beamwith a relatively lowbeam current of 0.5 particle-

nA (pnA)wasmaintained throughout the experiment.

The ion fluence was varied in the range of 5 9 1010 to

5 9 1012 ions/cm2, as ion beam annealing effects are

expected in this fluence range [25].

The film thickness was estimated using a stylus

Profilometer. Photoluminescence (PL) measurements

were performed on pristine and irradiated R3 series

samples in the neighborhood of TE contact region.

An excitation wavelength of 355 nm (3.5 eV which is

below the bandgap of HfO2) was employed to study

defect dynamics. Current–Voltage (I–V) measure-

ments, endurance cycles and retention tests were

carried out using an Agilent technologies B1500

semiconductor device analyzer. Appropriate current

compliance circuits are used to realize low resistance

state (LRS) and high resistance state (HRS) without

damaging the devices. DC sweeps of positive voltage

were applied on top electrode with respect to the

bottom metal (grounded) electrode. The continuous

cycling pulses were applied to study the RS behavior

and the endurance of these devices. The current

compliance is limited to 1 mA and 18–35 mA to

avoid possible hard breakdown of the device during

the set and reset processes, respectively [22, 33, 34].

3 Results and discussion

3.1 Characteristics of pristine devices

I–V characteristics of devices R1 and R2 (representative

curves) shown in Fig. 2 exhibit unipolar resistive

switching behavior. Different regions in these

Fig. 1 Images showing the

device structures at different

processing steps, a step-1:

bottom electrodes of width

10 lm, b step-2: HfO2 film

deposited on the bottom

electrode through a square

mask, c step-3: top electrode

showing the cell structure and

probing pads and d an FESEM

image showing the cross bar

structure of devices

Table 1 The details of the RRAM devices

Device name Device area (lm 9 lm) Film thickness (nm)

R1 10 9 10 50

R2 20 9 20 50

R3 10 9 10 30

R4 20 9 20 30
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characteristics are labeled with numbers to show the

paths of set (1, 2) and reset (3) operations. The forming

and set voltage are found to be almost same for these

devices. The set and reset voltages are found to be

2.16 V and 0.5 V respectively for the R1 device. Simi-

larly, set and reset voltages are 2.92 V and 0.49 V

respectively for the R2 device. A similar forming-free

and unipolar RS phenomenon were earlier reported

for HfO2-based RRAM devices [20, 35, 36] and was

attributed to the formation and rupture of columnar

conducting paths, known as filaments, in oxide thin

film [6, 37–39]. However, bipolar switching and co-

existence of bipolar and unipolar switching were also

widely reported in HfO2-based RRAM devices [36]. It

is worth noting that the electrode materials, nature of

the interfaces and the phase of HfO2 are critical in

determining the switching behavior of RRAMs

[8, 36, 40–44].

The present result is consistent with the previous

reports, where unipolar switching was reported in

HfO2 when top electrode is Au [35, 45–48]. Forming

free and unipolar switching behavior are advanta-

geous for practical devices. It is known in literature

that conductive filaments due to vacancies dominate

over metal-ion-based filaments in HfO2 [40–43]. This

is particularly true when the electrodes are chemi-

cally inert, as in the present case. It is also observed

that the contribution of Vo
2? type vacancies is sig-

nificant for the formation of conducting filaments in

HfO2 when compared to that of other types of defects

[40–43]. When a positive voltage is applied on the top

electrode, O2- ions are expected to migrate towards

the top electrode, facilitating the formation of Vo
2?

type conducting filaments [49]. However, neither the

O2- nor the Vo
2? bind to the Au metal electrodes

when voltage is removed [50, 51].

Indeed, the binding of Vo
2? with Au is observed to

be weaker when compared to other metals [50, 51]. In

addition, the possibility of out-diffusion of O2- into

atmosphere through the Au electrode under positive

bias stress has also been reported [50–52]. The inter-

face models that explain various types of mecha-

nisms leading to unipolar and bipolar switching

[34, 36] are not directly applicable in this study, as

both the electrodes (top and bottom) are made of a

chemically inert metal, Au. The combination of these

two factors (out-diffusion and weak binding of Vo
2?

to Au) and the fact that there is no interface that can

act as a reservoir to store O2- ions to enable the reset

process when polarity is reversed causes unipolar

switching. Hence, unipolar switching showed better

performance when compared to the bipolar switch-

ing in these Au/HfO2/Au-based RRAM devices.

Therefore, the reset process can mainly be attributed

to the Joule heating effects and corresponding phase

changes in HfO2. This is consistent with the fact that

higher compliance currents were required for the

reset process and large dispersion observed in volt-

ages. Several other competing processes such as the

movement of vacancies in the direction of electrodes

or from filaments to the resistive oxide layer or

recombination with oxygen interstitials may also

occur during the reset process. The reset process and

the stability of the devices may further be improved

by introducing an inter-layer between the top

Fig. 2 I–V Characteristics

showing the RS behavior of

a R1 and b R2 RRAM devices
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electrode and the oxide with high oxygen affinity

materials like Al [20] or Hf [53].

It is observed that the device R1 did not reach

complete reset (see Fig. 2a), indicating that some fil-

aments still exist within the oxide. As a result, there is

a steep increase in the current during the second set

cycle (4) and an additional reset process before the

actual set (5) operation. This indicates the possibility

of multi-level switching in HfO2-based RRAM devi-

ces [18, 53, 54]. The possible out-diffusion of O2- ions

during the set process [50–52] may deplete the con-

centration of oxygen in the vicinity of top electrode.

The possible gradient in oxygen concentration may

further lead to the slow reset process and to introduce

the observed intermediate state. This kind of gradual

reset process was earlier demonstrated in RRAMs

with ‘‘HfOx/HfO2’’ bilayer as switching medium [44].

These processes can be controlled by carefully

selecting appropriate interfaces, voltage windows

and compliance currents as needed. The endurance

cycles indicated that there is a finite spread in the set

and reset voltages of these devices (R1–R4). The

observed non-uniform switching behavior is possible

due to the randomness in the formation of filamen-

tary conduction channels and their areal density

[55, 56]. Hence the size, shape and areal distribution

of filaments can significantly influence this kind of

switching behavior. The spread in the set and reset

voltages is found to be less for devices with smaller

active area (like R1 over R3) as expected [57]. Here, it

is important to note that there are intermediate states

in the reset cycles [18, 54], particularly for devices

with smaller active area. Less number and thinner

filaments are expected in devices with smaller active

areas [36], The progressive drop in the current may

correspond to the reduction in the conductivity of the

filaments [57, 58].

The distribution of the set voltage (VSet), reset

voltages (VReset) and the reset current (IReset) for all

four RRAM devices have also been studied in detail.

The range of IReset is found to be lesser for R1 and R3

when compared to that of R2 and R4 devices. The

average IReset is estimated to be 18 mA for R1 and

35 mA for R2. The number of filaments formed and

their shapes depend on the active area of the device.

The value of IReset depends on the previous set value

which can influence the size and number density of

the filaments. The number of filaments that are to be

ruptured for achieving the reset is larger in the

devices with larger active area [17]. Moreover, the

current density is also lower in these devices, which

is consistent with the literature [6]. The resistance

values and cumulative distribution function (CDF) of

the RRAM devices (R1 to R4) measured for each state

are presented in Fig. 3. A positive bias voltage of

0.1 V is applied in intervals of 60 s and the current is

measured to perform the retention test of these

devices. These measurements were performed for

each state individually (i.e., LRS or HRS) for all these

devices. The resistance ratio between HRS to LRS

Fig. 3 The retention time (over an interval of 104 s) a R1, b R2, c R3, d R4 of RRAM devices and e cumulative distribution of HRS and

LRS at 0.1 V bias of R1 to R4 RRAM devices
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(ROff /ROn) is estimated to be 104 for R1 and R3 and

105 for R2 and R4 devices. This demonstrates the large

stability between the LRS and HRS level of these

RRAM devices fabricated in this study. In fact, the

state of the devices can be clearly differentiated based

on their resistance (i.e., as HRS or LRS).

3.2 Effects of SHI irradiation
on the performance of RRAM devices

In SHI irradiation, energetic ions interact with a

material and lose their energy via electronic energy

loss (Se, which dominates for higher energies[ 0.5

MeV/u) and nuclear energy loss (Sn, which domi-

nates for lower energies\ 0.5 MeV/u) [31]. The

current interest in this field, is to elucidate the effects

of Se on the structural modifications of materials and

consequent effects on the performance of corre-

sponding devices. The critical value of Se for forming

ion tracks (or damaged regions) in HfO2 is estimated

to be about 20 keV/nm [29]. 120 MeV Ag ion beam is

employed such that the Se (24.86 keV/nm in HfO2)

not only dominates Sn (0.1367 keV/nm) but also

remains uniform throughout the film. It is important

to point out that the penetration depth of the Ag ions

(range 8.49 lm) is much greater than the thickness of

films. As a consequence, Ag ions will come to rest

only in the substrate. The electronic energy deposi-

tion can result in deep defects and trap centers and

other defects. RRAM devices (R3 and R4 series) were

subjected to different irradiation fluences (5 9 1010,

1 9 1011, 5 9 1011 and 5 9 1012 ions/cm2) to study

the effects on their performance. It was earlier

reported that the ion induced annealing effects

dominate in this fluence range in case of HfO2-based

MOS capacitors (MOSCAPs) [15, 25, 32]. Here,

RRAM devices are subjected to similar irradiation

conditions to investigate the consequent effects on

their switching parameters. Figure 4 shows repre-

sentative I–V curves of pristine and irradiated (R3

series) samples indicating significant shift in the set

and reset voltages as a function of fluence. The mean

values of switching voltages and the corresponding

distributions are shown as function of fluence in

Fig. 5. Unlike MOSCAPs, RRAM exhibited an

increase in the leakage current in HRS at lower flu-

ence which may be due to the difference in initial

conditions. HfO2 films are deposited on the surfaces

of Au in case of RRAMs and on the surface of SiO2 in

case MOSCAPs. Correspondingly, the average values

of VSet and VReset decrease with increase in fluence

below the critical fluence, though the variation in

VReset is not significant. Most important observation

is that the ranges of VSet and VReset distributions

decreased up to a fluence of 5 9 1011 ions/cm2

(Fig. 5). This is more evident in Fig. 6. where the

endurance curves of pristine and low fluence

(5 9 1011 ions/cm2) irradiations are shown. Similarly,

the data of the retention test is shown in Fig. 7 for the

pristine and irradiated (at critical fluence of 5 9 1011

ions/cm2) devices (of R3). It is observed that the

resistance is little lower in HRS in irradiated devices

(Fig. 7b) as compared to that of the pristine devices

(Figs. 7a and 3c). Similarly, the resistance is little

higher in LRS. However, there is no significant

change in the retention time at critical dose as

Fig. 4 I–V Characteristics

showing the RS behavior of R3

series (pristine and irradiated

at different fluence) devices:

a set curves and b reset curves
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compared to that of the pristine device. Cumulative

distribution function of switching voltages and

resistances (Log(R)) are presented in Fig. 8 for both

R3 and R4 series devices. This analysis clearly depicts

the effects of SHI irradiation on the RS behavior of

RRAMs. The slopes of set/reset curves indicate a

possible reduction of spread in the set and reset

voltages as a function of fluence.

As stated earlier, SHI irradiation can create amor-

phous or crystalline tracks or columnar defects in

various materials [49]. We have recently shown that

the SHI irradiation can induce an amorphous to

monoclinic transformation in HfO2 nanoparticles

embedded in amorphous HfO2 thin films, above a

critical fluence (5 9 1012 ions/cm2: track overlap

fluence) [29]. Hence, the formation of isolated and

incomplete m-HfO2 tracks/clusters below this flu-

ence is also possible in the present case. The track

diameters are expected to be around 10 nm [25] and

the number of tracks will be of the order of fluence

(i.e., * 5 9 1011 tracks / cm2). It is also important to

note that the diameters of conducting filaments are

also in the same range (3–10 nm) in HfO2 [36]. It

would, thus, appear that the result of the SHI process

is to create a composite wherein isolated m-HfO2

columnar tracks are embedded in the pristine a-HfO2

matrix (as depicted as a cartoon in the inset of

Fig. 6b). It is proposed that these tracks are acting as

nucleation centers for filament formation under bias

stress. Hence the formation of filaments in irradiated

Fig. 5 The distribution of set

and reset voltages of pristine

and irradiated of R3 (a, b) and

R4 (c, d) devices (Symbol

represents the mean value of

switching voltage and the bars

represent corresponding

minimum and maximum

values)

Fig. 6 Endurance curves of

a pristine device and b the

devices irradiated to a fluence

of 5 9 1011 ions/cm2
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devices will not be as random as that would be in un-

irradiated films. This is not only reducing the

switching voltages but also reducing the spread in

switching voltages. The dispersion in SET voltages is

reduced significantly in devices that are subjected to

low fluence (Fig. 5). The sample irradiated with a

fluence of 5 9 1011 ions/cm2 shows clear gap

between SET and RESET voltages (See Fig. 6). Then

the device gets damaged at higher doses (above track

overlap fluence) leading to random switching. The

overlap in the range of set and reset voltages (see

Figs. 4 and 5) beyond a critical fluence (5 9 1011 ions/

cm2) is perhaps due to the production of high density

of defects and/or possible ion beam mixing effects

across electrode and oxide interfaces (Au/HfO2).

Nucleation centers are no longer isolated above the

track overlap fluence. This is consistent with the

hypothesis that the isolated tracks in irradiated

samples act as nucleation centers for the formation of

conducting filaments during the set process.

It is worthwhile mentioning that SHI irradiation is

an efficient method to realize the isolated nucleation

Fig. 7 The retention time

(over an interval of 104 s) test

data of a R3—Pristine sample

and b R3—Irradiated sample

(critical fluence of 5 9 1011

ions/cm2)

Fig. 8 The distribution of set

and reset voltages of pristine

and irradiated devices.

Cumulative probability of set

and reset voltages of a R3

series and b R4 series.

Cumulative probability of LRS

and HRS states of c R3 series

and d R4 series
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centers in the switching medium. This study also

suggests a scope for examining nano-wire embedded

oxide layers as efficient switching media for RRAM

devices. Hence the study suggests that the SHI irra-

diation can play a vital role in lowering the set and

reset voltages and voltage ranges. Hence, a low flu-

ence treatment of RRAM devices with SHI irradiation

not only reduces the set and reset voltages but also

reduces the distribution in switching voltages.

However, the devices are damaged above this flu-

ence. This is also evident from Fig. 9 which shows the

number of endurance cycle vs set and reset voltages

of pristine and irradiated samples.

The devices subjected to higher fluence got swit-

ched only for about 20 times out of 50 continuous set

and reset cycles though the devices did not fail

completely. These devices will switch again if

another endurance cycle is started. However, on an

average, they will switch for about 20 times out of 50

continuous cycles. This is consistent qualitatively

with our earlier studies on HfO2-based MOS devices

[19, 30]. Thus, as interpreted before, beyond a critical

fluence there is an overlap of ion tracks over the same

device area resulting in complex damage. To identify

the possible reasons for difference in behavior of

pristine and SHI samples, FESEM and

photoluminescence (PL) experiments were carried

out on HfO2 films that are deposited and irradiated in

same runs.

The PL measurements were performed for the R3

sample before and after SHI irradiation. The excita-

tion energy is chosen to be 3.5 eV, which is less than

the bandgap of HfO2. PL spectra and the deconvo-

luted peaks for the samples shown in Fig. 10 corre-

spond to various types of defects in the pristine and

irradiated samples [29, 59]. The fitting is performed

using a peak fit program for identifying the oxygen-

related vacancies in the HfO2. Before irradiation, the

peak positions are at 2.7 eV, 2.9 eV and 3.0 eV for R3

sample. The intensity of these peaks decreases at low

fluence and increases at higher fluences. The peak

position at 2.7 eV can be attributed to the doubly

charged positive oxygen vacancy (Vo
2?) while the

peak at 2.9 eV is associated with singly charged

positive oxygen defect (Vo
?) state [37]. The existence

of these vacancy type defects in the RF sputtered

a-HfO2 films is responsible for the observed forming

free switching with lower set voltages. A recent cal-

culation [60] predicted a significant decrease in the

energy barriers for creation and migration of vacancy

type defects in m-HfO2 under bias stress due to the

injection of excess electrons into the oxide.

Fig. 9 The set voltage a R3, b 5E10, c 1E11, d 5E11, e 5E12 ion/cm2 and reset voltage f R3, g 5E10, h 1E11, i 5E11, j 5E12 ion/cm2,

comparison over first 50 cycle of 10 lm 9 10 lm RRAM devices

J Mater Sci: Mater Electron (2021) 32:2973–2986 2981



Further, we noted minor changes in the peak

positions of PL spectra as a function of irradiation

fluence. The changes are significant for high fluence

(beyond the critical fluence). Basically, only two types

of defects are populated in this case, indicating the

possible re-configuration of defects as a result of SHI

irradiation. The oxygen-related defects in HfO2 films

were earlier reported and most of those studies are

consistent with our previous and present work [33].

In a recent study [8], it was shown that the perfor-

mance of ‘‘TiN/monoclinic-HfO2-x/Pt/Au’’ RRAMs

is affected only at higher fluence ([ 1012 ions/cm2)

when irradiated with 1.1 GeV Au ions (Se = 50.3 keV

/nm in HfO2). Most of the devices did not experience

event upset and retained the stored data even at

higher fluences. However, in the present study, the

active layer is an amorphous film deposited on the

surface of Au by RF sputtering. The observed effects

are significant even though the Se is less (24.86 keV/

nm in HfO2) in the present study when compared to

the earlier report [25]. It is, therefore, evident that SHI

can be used to tune the performance parameters of

such devices. Significantly, the present study also

demonstrates the presence of a critical ion fluence

beyond which there is deterioration in set and reset

parameters, indicating the range of radiation hard-

ness of the devices. This information is expected to be

useful for applications in nuclear and space

electronics.

4 Conclusions

HfO2-based RRAM devices were fabricated to study

the effects of SHI irradiation on their performance.

These devices are found to be of forming free type

with unipolar switching behavior. They have exhib-

ited good endurance cycles with high resistance ratio

(ROff/ROn[ 105) and retention time. It is shown that

the SHI irradiation can improve or deteriorate the

performance of these devices based on the fluence.

The spread in switching voltages is reduced with

increase in fluence, indicating that the switching

windows can be narrowed by selecting a proper

combination of ion species, energy and fluence for

irradiation. The set voltage is found to decrease with

increase in fluence whereas the change in reset volt-

age is not significant. The overlap of set and reset

voltages and the reduction of endurance above a

critical fluence highlights the significance of radiation

damage in these devices.

At lower fluences, possible creation of isolated

nucleation centers, for the formation of filaments

during the set process is envisaged as a reason for the

observed reduction in the dispersion in set voltages.

Fig. 10 The PL spectra of the

device R3 a Pristine, b 5E10,

c 5E11, and d 5E12 ion/cm2

(solid lines indicate fitting and

deconvoluted peaks)
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Introduction of such isolated nucleation centers by

other methods (like nano-wire embedded oxides,

etc.) in switching medium can be examined in future.

These RRAM devices are found to be more sensitive

to the radiation damage when compared to the MOS

devices. Hence, these results provide useful infor-

mation to tailor as well as to study the reliability of

these devices in radiation harsh environment.
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