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Abstract — This paper proposes Changing Reset Volt-
age technique for 40nm TaOx-based resistive random ac-
cess memories (ReRAM). The proposed technique
changes Reset voltage (VreseT) at the high endurance such
as 10* Set/Reset cycles. Changing Reset Voltage technique
decreases measured total Bit-Error Rate (BER) of both
LRS and HRS by 85%, compared with conventional fixed
Reset voltage. In addition, the current difference between
LRS and HRS at probability = 50% increases by 57%
with the proposal, which increases the read margin be-
tween Set and Reset. Finally, this paper proposes a phys-
ical model about proposed Reset.

INTRODUCTION

Resistive random access memory (ReRAM) is attracting
much attention for next generation non-volatile memories.
However, ReRAM has reliability trade-off between Set/Reset
cycles (endurance) and data-retention time (lifetime) [1, 5].
Recently, long-term lifetime is realized until 10* Set/Reset cy-
cles [1]. This paper proposes Changing Reset Voltage tech-
nique to reduce the endurance errors and eventually to realize
both high endurance and long-term data-retention lifetime.

CONVENTIONAL SET/RESET MEASUREMENT

ReRAM stores “1” (Low Resistance State, LRS) and “0”
(High Resistance State, HRS) as shown in Fig. 1. The oxygen
vacancy (Vo)/oxygen ions (O%) inside conductive filament
(CF) move between TaOx layer and Ta,Os.5 layer by Set/Re-
set operation [2, 3]. Fig. 2 shows conventional Set/Reset. In
this protocol, Set and Reset are repeated alternately. After that,
DC cell current is measured at 10, 10%, 103, 10*, 10° and 10°
cycles. In this paper, to investigate the worst case reliability,
all measurements are performed at severe conditions which
cause excessive stress. Fig. 3 shows the measured results at
Vreser = 1.1 (a.u.). Fig. 3(a) shows cumulative probability
(CP) plots of cell current distributions of LRS and HRS. Fig.
3(b) shows total BER of both LRS and HRS. After 10*
Set/Reset cycles, total BER abruptly increases [4]. Tail bit is
the tail portion of the current distributions of LRS. Fig. 4
shows the measured results with conventional Set/Reset until
10* Set/Reset cycles at Vreser = 0.6~1.6 (a.w.). Vreser = 1.1
(a.u.) achieves the lowest total BER among all Reset voltages
and thus is optimal.

PROPOSED SET/RESET MEASUREMENT AND DISCUSSION

Fig. 5 shows proposed Set/Reset. To improve reliability at
the high endurance cycles, this paper proposes Changing Re-
set Voltage. In the conventional protocol, Vreser is fixed
throughout the entire Set/Reset cycles. On the other hand, in
the proposed Set/Reset, Vreser is changed after 10* Set/Reset
cycles. Fig. 6 compares measured results of conventional and
proposed Set/Reset at Vreser= 0.6~1.6 (a.u.). Fig. 6(a) shows
measured results with conventional Set/Reset until 10°
Set/Reset cycles. Fig. 6(b) shows the measured results of pro-
posed Changing Reset Voltage technique. Vreser = 1.1 (a.u.)
is applied until 10* Set/Reset cycles and after 10* Set/Reset

cycles Vreser is reduced. In this measurement, after 10*
Set/Reset cycles, the optimal voltage is Vreser = 0.6 (a.u.). In
other words, the optimal write voltage is Vreser = 1.1 (a.u.)
until 10* Set/Reset cycles and after that changes to Vrpser =
0.6 (a.u.). As shown in Fig. 7, Changing Reset Voltage has
two benefits. First, Changing Reset Voltage decreases tail bits.
Second, Changing Reset Voltage increases the current differ-
ence between LRS and HRS at probability = 50%. Because
the read margin between Set and Reset increases, the number
of error cells during the read decrease. Fig. 8 shows compar-
ison of total BER between proposed and conventional Set/Re-
set. At 10° Set/Reset cycles, total BER of the proposed
Changing Reset Voltage decreases by 85%. From Figs. 6-8,
proposed Changing Reset Voltage is effective at high endur-
ance cycles. Furthermore, proposed technique reduces power
consumption during Reset by reducing Reset voltage and
does not change writing speed. Finally, a physical model of
LRS is proposed in Fig. 9. CF expands crosswise as Set/Reset
cycling increases in conventional Set/Reset [2, 5]. Conse-
quently, percolation path is cut off at high endurance [6]. On
the other hand, proposed Changing Reset Voltage suppresses
crosswise expansion of the filament and suppresses reduction
of the oxygen vacancy density inside the filament because of
lower write voltage at the high endurance. As a result, cut-off
of the percolation path is suppressed by Changing Reset Volt-
age protocol at the high endurance, which reduces the tail bits
of LRS. In addition, because the voltage balance between Set
and Reset changed after Reset voltage changed at 10* Set/Re-
set cycles, characteristics of the conductive filament has also
changed. As a result, distributions of both HRS and LRS
shifts to the higher current direction and thus the margin be-
tween HRS and LRS increases.

CONCLUSION

This paper experimentally demonstrates that proposed
Changing Reset Voltage decreases total BER by 85% at 10°
Set/Reset cycles. Moreover, Changing Reset Voltage in-
creases the current difference between LRS and HRS at prob-
ability = 50% increases by 57%. In addition, Changing Reset
Voltage reduces power consumption at the high endurance be-
cause Vreser is reduced from 1.1 to 0.6 (a.u.). Furthermore,
the proposed Set/Reset does not change write speed. Thus, at
the high endurance cycles, this proposal is quite effective.
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