Journal of
Electrical and Electronic Materials

JEEM

S ®

View Online CrossMark

Regular Paper

Analysis of Yield and Electrical Characteristics of Ag
Electrode-Based Volatile Threshold Switching Memristors with
Al20; Dielectric Films Under Different ALD Process Conditions

Wan-Sik Woo'f, Seung-Jin Lee?’, Moon-Seok Kim*'(2}, Seung-Bae Jeon'-?’

T First two authors contributed equally to this work.
" Department of Intelligent nano semiconductor, Hanbat National University, Daejeon 34158, Korea
2 Department of Electronic Engineering, Hanbat National University, Daejeon 34158, Korea

3 Department of Semiconductor Convergence, Chungnam National University, Daejeon 34134, Korea

ALO, HHBHZ HB5H Ag HZ T ST BE A9l
B Z20| U2 48 U H7|N S Wit 24

"i2|AEQ| ALD

SYU St

S Corresponding author(s): kimms@cnu.ac.kr (M. S. Kim), sbjeon@hanbat.ac.kr (S. B. Jeon)

Cite as J. Electr. Electron. Mater., 39(5), 493-500 (2026), DOI: https://doi.org/10.4313/JEEM.2026.39.5.6

Received June 5, 2026; Revised July 8, 2026; Accepted July 8, 2026

ABSTRACT: In this study, we systematically investigated the effects of thermal atomic layer deposition (ALD) conditions on the
electrical characteristics of conductive-filament-based volatile threshold switching memristors with a Pt/Al,O3/Ag structure. Although
volatile threshold switching memristors have attracted significant attention for neuromorphic computing applications such as spiking
neural networks, the impact of dielectric deposition conditions on their switching behavior remains relatively unexplored. The number
of ALD cycles was varied from 40 to 200, and the deposition temperature was varied from 50 to 250°C to evaluate their effects on
threshold voltage (Vy), off-state resistance (R.s), and device yield. Devices fabricated using 75—150 ALD cycles showed clear volatile
threshold switching behavior with relatively high device yield, whereas excessively low or high cycle numbers resulted in short-type
and open-type failures, respectively. In addition, Vi, and Ry tended to increase at higher deposition temperatures, while the device
yield significantly degraded above 150°C. These results indicate that the number of ALD cycles and the deposition temperature define
a critical process window for achieving volatile threshold switching while suppressing both short-type and open-type failures. This
study provides practical guidelines for optimizing dielectric ALD conditions in conductive-filament-based volatile threshold switching

memristors for future neuromorphic hardware applications.
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Fig. 1. Operation principle of the Ag electrode-based volatile threshold switching memristor
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Fig. 2. Fabrication process of the Ag electrode-based volatile threshold switching memristor
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Fig. 3. (a) TEM and EDS images of the fabricated volatile threshold switching memristor device and (b) I-V characteristic of the fabricated

volatile threshold switching memristor
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Fig. 4. Electrical characteristics of Ag electrode-based volatile threshold switching memristor devices fabricated using different numbers of
ALOs; ALD cycles: (a) device yield, (b) box plots of off-state resistance, (¢) threshold-voltage distributions, and (d) box plots of threshold voltage.
In all box plots, the boxes indicate the 254—75 percentile ranges, the horizontal lines inside the boxes represent the median values, and the open
square symbols (0) denote the mean values. The lower and upper whiskers correspond to the 5q and 954 percentiles, respectively
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Table 1. Summary of electrical characteristics of Ag electrode-based volatile threshold switching memristor devices fabricated using different numbers

of ALOs ALD cycles at a fixed deposition temperature of 100°C. Values of Vi, Vio, and Ry are given as mean + standard deviation. Ny, denotes the

total number of measured devices

Yield Vin Vho Rosr Ron
ALD cycle Niotat
(%) V) V) (GQ) (%))
40 0 N/A N/A N/A N/A 100
75 13.67 0.73+0.23 0.11+0.10 2.87+1.10 <2k 139
120 16.50 0.80 +0.33 0.09+0.14 20.1 £5.80 <2k 103
150 12.68 0.86+0.28 0.03+0.09 20.6 +10.5 <2k 355
200 2.15 0.70+0.10 0.00 +0.05 27.6+243 <2k 93
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Fig. 5. Electrical characteristics of Ag electrode-based volatile threshold switching memristor devices fabricated at different ALLOs ALD

deposition temperatures using 75 ALD cycles: (a) device yield, (b) box plots of off-state resistance, (c) threshold-voltage distributions for

representative deposition temperatures, and (d) box plots of threshold voltage. In all box plots, the boxes indicate the 25,,—75, percentile ranges,

the horizontal lines inside the boxes represent the median values, and the open square symbols (o) denote the mean values. The lower and upper

whiskers correspond to the 54 and 95, percentiles, respectively

Table 2. Summary of electrical characteristics of Ag electrode-based volatile threshold switching memristor devices fabricated at different Al.Os ALD

deposition temperatures using 75 ALD cycles. Values of Vi, Vio, and Ry are given as mean + standard deviation. Ny denotes the total number of

measured devices

Temp Yield Vin Vho Rosr Ron Nt

o (%) ™ ™ G ©@

50 16.10 0.78+0.30 0.13+0.12 2.10+1.34 <2k 118

100 13.67 0.73+0.23 0.11+0.10 2.87+1.10 <2k 139

120 20.10 0.72+0.20 0.09 +0.08 4.29+3.51 <2k 199

140 15.92 0.93+0.27 0.09 +0.08 520+2.43 <2k 245

150 4.50 1.01+0.30 0.04 +0.05 5.13+2.95 <2k 178

200 4.96 1.07 +0.30 0.15+0.06 16.4 +3.87 <2k 141

250 3.02 179+ 0.68 0.06 +0.07 6.23+0.74 <2k 199
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