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Abstract 

In this paper, the authors report the outstanding per-

formance from an innovative oxide selector for ReRAM 

(Resistance switching Random Access Memory). SiO2 was 

chosen as a matrix oxide material and arsenic (As) metal 

atoms were implanted into the oxide films for threshold 

switching. Off-current and threshold voltage (Vth) could 

be controlled by process condition of As implantation. Fi-

nally its performance were verified by using 1S1R cross-

point array. 

 

1. Introduction 

The limitation of scale-down of semiconductor technol-

ogy in the near future requires next generation memories such 

as STT-MRAM, PCRAM, and ReRAM. One of these candi-

dates, ReRAM has showed the satisfactory properties for 

wide range of application targets in terms of various charac-

teristics.  

High-efficient cross-point array can be realized by using 

a stacking of selector and resistor in order to control sneak 

current through unselected cells. Recently it has been re-

ported that electrical metallization cells [1,2] and OTS 

(Ovonic Threshold Switching) selector [3,4] could be a good 

choice for non-volatile memory with the structure of cross-

point array. However, there are several problems in applying 

the reported selectors to one selector-one resistor (1S1R) de-

vices such as low threshold voltage, difficulty for reactive ion 

etch process, poor thermal instability, and so on. Therefore 

the development of new selector is essential to overcome 

these disadvantages and to achieve ReRAM chips with high-

density cross-point array structure. 

 

2. Experimental 

SiO2 film with the thickness of 10 nm was deposited on a 

TiN bottom electrode at first and then As atoms were injected 

into the SiO2 film by using ion implantation method with ad-

equate implant energy and dose. Consecutive fabrication pro-

cesses followed by using 25-nm standard CMOS technology 

on 300 mm wafers. Figure 1 (a) shows the cross-sectional 

TEM image of an As-implanted SiO2 selector cell. Typically 

selector performance has been measured by pulsed I-V with 

the pulse duration shorter than 1us. Finally array performance 

from 1S1R cross-point array was demonstrated with 16 Kb 

(128128).  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 (a) Cross-sectional TEM image and (b) I-V character-

istics of As-doped SiO2 selector. 

 

2. Results 

   Figure 1 (b) shows a typical I-V curve representing elec-

trical characteristics of the As-doped SiO2 selector. Threshold 

switching can be observed even though the selector under-

went high thermal budget as high as 400oC during the fabri-

cation process. The device provides symmetric bi-directional 

volatile switching behavior even with different compliance 

current at both sides. The selector shows quietly low off-cur-

rent of 80 pA at the half voltage of Vth in sub-threshold regime 

and abrupt change in current over Vth. 

As shown in Fig. 2 of chemical state analysis of As-doped 

SiO2 selector films, As atoms uniformly dispersed in SiO2 

matrix after the As implantation process. It’s remarkable that 

most of As atoms remains in unoxidized state and small por-

tion of Si-O bonds were broken into SiO2-x due to the impact 

of the implantation of heavier As atoms. 

 

 

 

 

 

 

 

 

 

Fig. 2 XPS result of chemical bonding state of Si and As. 

 

Electrical analysis was performed at various implantation 

doses of As to obtain better threshold switching performances. 

In the As concentration range of 90%~140% of reference 
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concentration, all of devices showed good threshold switch-

ing characteristics in similar Vth and Ioff. Vth and hold voltage 

(Vh) were characterized by using triangular pulse provided 

from a pulse generator. The median values of Vh and Vth are 

estimated to 3.0 V and 2.5 V, respectively. 

It is exhibited that the device can quickly response to the 

applied voltage pulse in both of on-state and off-state. The 

transition time to on-state and off-state were measured to less 

than 52 ns and 23 ns, respectively, which are relatively faster 

than other selectors based on electrical metallization cell [1, 

5]. This selector didn’t show memory behavior even with 120 

uA of input current. Consequently the new selector can sup-

ply high on-current density (Jon) upto 25 MA/cm2 in sustain-

ing selector characteristics. 

It’s well known that the increase of Vth with time can be 

easily observed in OTS selector consisted of disordered ma-

terials, which is harmful to device operation due to narrowing 

read window margin (Vrd). On the other hand As-SiO2 selec-

tor didn’t show any temporal change in Vth. The selector de-

vice can repeatedly switch more than 105 cycles in maintain-

ing large on-off selectivity. 

Figure 3 (a) shows the TEM image of the integrated 1S1R 

cell structure. The resultant short-pulse I-V of 1S1R device is 

shown in Fig. 3 (b). The half of Vsw is less than Vth of the 

selector so that it is expected that the 1S1R device can be 

switched to the both of set and reset state without sneak cur-

rent through unselected cells. 

 

 

 

 

 

 

 

 

 

 

Fig. 3 (a) Cross-sectional TEM image and (b) I-V character-

istics of 1S1R device. 

 

The bit map image from 128128 array shows that more 

than 92% of cells from the array can be switched to set and 

reset state in Fig. 4. The integrated 1S1R cell array shows 

wide sensing window between ILRS and IHRS. 

 

 

 

 

 

 

 

 

 

Fig. 4 Bit map image and cumulative distributions of the ILRS 

and IHRS of 128128 array after set and reset programming at 

25oC. 

 

3. Conclusions 

   The experimental result showed that threshold switching 

and good off characteristics using non-mobile and fab-friend 

As-doped SiO2 films can be obtained for cross-point ReRAM. 

The performance of integrated 1S1R cell was successfully 

demonstrated owing to the wide operating windows of cur-

rent and voltage. Finally when compared with other selectors 

reported previously, As-SiO2 selector revealed outstanding 

and reliable performances in terms of off-current, on-current, 

and Vth (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Comparison of Jon, Vth, and 1/2 bias non-linearity char-

acteristics from various selectors.  
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