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The resistive random access memory is promising to replace the traditional memory 

technology and the buffer layer plays an important role in chalcogenide based electrolytes. 

However, there is still lack of convincing experimental result regarding with the 

mechanism of buffer layer. In this letter, two sets of devices were designed with different 

position of buffer layer, which proves the buffer layer facilitates the nucleation of Ag 

filaments. 
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1. Introduction 

 
The resistive random access memory (RRAM) is promising to replace the traditional memory 

technology with high scalability and low power consumption [1]. Various geometries of RRAM, 

such as crossbar, via-hole and atomic switch geometry have been put forward [2]. Among those, 

crossbar geometry has attracted a lot of attention for its simplicity and ability of integration. Such 

structure contain inert electrode, counterpart active electrode, buffer layer and cations doped 

electrolyte, where the conductive filament is formed in electrolyte due to the migration and 

reduction of cations. The Ag or Cu elements can be used as doping species for oxide layers, such 

as SiO2 [3] or chalcogenide layers, such as GeSe [4] or GeS2 [5]. The buffer layer is often applied 

in close proximity of chalcogenide electrolyte and its function has been explained by many authors, 

such as the barrier for the ions migration or the layer for filaments to grow [6-8]. However, there is 

still lack of convincing experimental result supporting the mechanism. 

In this paper, two sets of devices were designed to explore the function of the Al2O3 buffer 

layer; labelled according to the positon of buffer layer: W|Al2O3|GeSe:Ag|Ag (INERT BUFFER) 

and W|GeSe:Ag|Al2O3|Ag (ACTIVE BUFFER). And another set of control device was discussed 

without buffer. The impedance spectrum proves that the buffer layer possesses much smaller 

electrical resistance compared with chalcogenide electrolyte layer. I-V curves of these two devices 

show distinct behaviour: diode-like versus resistive switching. We assume that the resistive 

switching can be related to the incomplete covering of the underlying W layer with Al2O3 layer. 
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2. Experimental 
 

The INERT BUFFER devices with W|Al2O3|GeSe:Ag|Ag stacking was fabricated onto SiO2 glassy 

substrate in crossbar geometry (Figure 1(a)). The W electrode was sputtered at initial pressure of 

≈10
−4

 Pa, sputtering power ≈60 W and time 20 minutes through stencil resulting in the thickness 

of ≈70 nm and line width of ≈100 µm. The Al2O3 layer was prepared by pulsed laser deposition 

(PLD) at initial pressure of ≈3.9 × 10
−4

 Pa, pulse energy 215 mJ and deposition time 7 s. The 

resulting thickness of Al2O3 layer was approximately 2 nm on the basis of spectroscopic 

ellipsometry (Figure 1(b)). The GeSe layer was deposited by thermal evaporation with deposition 

speed of 1–2 nm s−1; the total thickness was ≈120 nm. Subsequently, a thin layer (≈10 nm) of 

Ag was deposited by thermal evaporation onto GeSe layer. Afterwards, the device was illuminated 

by the UV light (peak wave length:  = 400 nm, intensity: I = 1.25 W cm
−2

) under an inert N2 gas 

environment. The illumination was done with the duration of 1 minute which led to photo-doping 

of the Ag into GeSe thin layer. The final top Ag electrode was prepared by thermal evaporation 

(10
−4

 Pa) through stencil to resulting ≈100 nm thickness and ≈100 μm line width; the total cell 

area is 100 × 100 µm
2
 as depicted in Figure 1(c). The ACTIVE BUFFER devices with 

W|GeSe:Ag|Al2O3|Ag stacking was also deposited onto SiO2 substrate in crossbar geometry 

(Figure 1(d)). The layer thicknesses and preparation condition were the same as for INERT 

BUFFER devices. The control device without buffer layer was fabricated without Al2O3 buffer 

layer which the thickness and preparation condition is the same as ACTIVE BUFFER and INERT 

BUFFER devices (Figure 1(e)). 

I-V curve was measured with Keithley 2602, in DC sweep mode. The bias was applied to 

the top Ag electrode, while the bottom electrode was grounded. The surface topology of W layer 

and Al2O3|W bilayer was measured by the atomic force microscopy (AFM), Solver Pro-M (NT-

MDT, Russia) in a semicontact mode. The impedance measurements were carried out on an Auto-

lab PGSTAT12 equipped with a FRA2 module, which the W and Ag electrodes of device were 

replaced with Al as is shown in Figure 1(f). The Al electrodes were deposited by thermal 

evaporation.  And I-t curve of pure Al2O3 layer is also measured by the same instrument by 

applying 0.2 V DC bias. 

 

 
 
Fig.1 (a) schematic picture of crossbar geometry, (b) ellipsometer result of Al2O3 layer for calibration,  (c) 

the cross-section view of INERT BUFFER device, (d) the cross-section view of ACTIVE BUFFER device, (e) 

the cross-section view of control device without buffer layer,(f) the cross-section view of device for 

impedance spectroscopy measurement. 
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3. Results and discussion 
 

Figures 2 (a) and (b) show the AFM surface topography of W layer and Al2O3|W bilayer, 

respectively. One can observe that the particles of Figure 2(b) are wider than those in Figure 2(a) 

suggesting that the large Al2O3 particles do not fully cover the W electrode.  

Figure 2(c) describes the impedance data of Al|Al2O3|AgGeSe|Al device, the contact resistance Rs 

is ≈10
6
 Ω, and the resistance of multilayer is ≈ 10

8 
Ω . Figure 2(d) shows the I-t curve ultra thin 

Al2O3 thin layer. Except for the initial two points, the current value is stable, which the stable 

resistance is approx. 10
3 

Ω. Such low resistance can be treated as short circuit through Al2O3. In 

the other words, the Al2O3 ultra thin layer does not completely separate the electrodes. 

 

 

Fig.2 The AFM image of (a) W layer and (b) Al2O3|W bilayer, (c) the overall impedance spectrum for 

Al|Al2O3|GeSe:Ag|Al stacked device, and (d) I-V curve of ultra thin Al2O3 layer 

 

Figure 3 shows the I-V curve of INERT BUFFER, ACTIVE BUFFER and control device 

without buffer layer, in which the sweep range and current compliance were set differently. I-V 

curve of initial two cycles with INERT BUFFER device shows typical resistive switching loop and 

the SET biases of two cycles are approx. 1.4 V and 1.1 V, respectively (Figure 3(a)). Commonly, 

the formation of metal or oxygen filament in oxide thin layer needs higher initialization voltage in 

the first cycle, which is referred as “electroforming” [3]. Nevertheless, the minor difference of 

SET biases (1.4 V and 1.1 V) in the first two cycles indicates the non-existence of electroforming 

process in this device, which proves that the metal filament is not formed in Al2O3 thin layer. On 

contrary, the I-V curve in ACTIVE BUFFER device exhibits a diode-like behaviour with current 

fluctuation and the corresponding threshold bias for current ramping is up to 1.2 V (Figure 3(b)). 

Moreover, as the compliance of current is not set for ACTIVE BUFFER device, the current shows 

increasing tendency up to the maximum bias of 3.0 V. Therefore, it can be deduced that no 

metallic filament is formed in ACTIVE BUFFER device. I-V curve of control device without 

buffer layer (Figure 3(c)) shows a clear difference, in comparison with the devices with buffer 

layer (Figure 3 (a), (b)). The ‘SET bias’ of device without buffer layer is approx. 0.2 V, and the 

current increases from 10
-9

 to 10
-6

 A. However, it does not exhibit any linear response during 
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scanning, which can be deduced as no filaments are formed. Therefore, the buffer layer is 

necessary for resistive switching device.  

 

 

Fig.3 I-V curves: (a) INERT BUFFER, (b) ACTIVE BUFFER, (c) control device without buffer layer.  

 

R. Soni [9] reported buffer layer as an intermedia for filament growth [9] and C. Schindler 

[6] reported that the buffer layer acts as a diffusion barrier of Ag ions. In our case, we put forward 

a different explanation. We assume that the function of buffer layer separates the contact electrode 

area into several small independent regions. Ultrathin Al2O3 layer is selected as a buffer material 

for its less possibility to form the Ag filament [10]. In order to compare the I-V curves, the Ag 

concentration is kept constant between the INERT BUFFER and ACTIVE BUFFER device using 

the photo-doping process. 

As described above, the positon of buffer layer determines the behaviour of device (resistive 

switching or diode-like). The proposed mechanism is presented in Figure 4. As the buffer layer in 

INERT BUFFER device does not completely cover the underlying W thin layer and under 

reasonable assumption that the filament is not able to be formed within Al2O3, one can propose 

that the Ag
+
 ions tend to be nucleated and grew up into Ag filaments at the Al2O3 uncovered 

regions (Figure 4(a)). On the other hand, the buffer layer in ACTIVE BUFFER device lies at the 

interface of Ag electrode and the GeSe:Ag layer (Figure 4(b)). As the result of that, the Ag ions 

presented in GeSe layer tend to accumulate near the W electrode causing the polarization. Similar 

result can be found elsewhere [11]. Therefore, the redox reaction of the required amount of the Ag 

species is not processed and the cell is turned into a capacitor under bias. The increasing device 

capacitance leads to larger charging current 

 

. 
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Fig.4 The schematic picture of mechanism in (a) the INERT BUFFER device and (b) ACTIVE BUFFER 

device, the grey spots represents for Ag ions. 

 

In summary, the creation of filaments with good resistive switching strongly depends on 

the nucleation. This can be facilitated by introduction of insulating layer at the inert electrode 

which does not fully cover the electrode. We assume that the creation and growth of separated Ag 

filaments start from the inert electrode towards the active electrode, which agrees with the TEM 

observations in Ref. [12].   

 

 

4. Conclusions 
 

Two devices with different position of buffer Al2O3 layer (INERT BUFFER, ACTIVE BUFFER) 

are designed to study the function of buffer layer. We observed that I-V curves between these two 

devices are completely different. The increasing current in INERT BUFFER and ACTIVE 

BUFFER device may be caused by the metal filament formation and capacitance changes, 

respectively. The buffer layer appreciably facilitates and improves the resistive switching due to 

controlled nucleation.  
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