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Abstract: In this study, a TiO./TiO,-based resistance variable memory was fabricated using a DC/RF magnetron
sputtering system and ALD. In order to analyze the effect of oxygen plasma treatment on the performance of resistance
random access memory (ReRAM), the TiO»/TiO».-based ReRAM was evaluated by applying RF power to the TiO,
oxygen-holding layer at 30, 60, 90, 120, and 150 W, respectively. The ReRAM was fabricated, and the electrical and

surface area performances were compared and analyzed. In the case of ReRAM without oxygen plasma treatment, the

I-V curve had a hysteresis curve shape, but the width was very small, with a relatively high surface roughness of the

oxygen-retaining layer. However, in the case of oxygen plasma treatment, the HRS/LRS ratio for the I-V curve improved

as the applied RF power increased; stable improvement was also noted in the surface roughness of the oxygen-retaining

layer. It was confirmed that the low voltage drive was not smooth due to charge trapping in the oxygen diffusion barrier

layer owing to the high intensity ReRAM applied with an RF power of approximately 150 W.

Keywords: TiO,, Resistance random access memory, Oxygen plasma treatment, Atomic force microscope

1. M2

71E W2ejo] 9AS S8t vAHAE, B3,
wE A2 529 GRS = AT Hety o2 rt
AAIY 2] Fof stz gt ot [1-5] A
71819 M2 AAt= perovskite 89 SrZrOs; [6,7],
FAPAR]l PrMnOs [8,9], CaMnOs [10], 24 Ateh=
718re] NiO [11], TiO, [12.13], Cu,O [14] S©] ctof
g 2AE AAEHL oy, o] FAME TiOx W2
HEZR, M-St 7H4, 2eja oQRagd W Al e

S og7e A9 2 9t A4 2 el o

T =

o

4 Sung-Jin Kim; ksj@chungbuk.ac.kr

Copyright ©2020 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Ao wls] Holur] miZo] mza] AR MR
Zbgery Qi [15-17].

M TiOz= carrier 922 sh= AtA 55 (oxygen
vacancy)s ©]-85}0] switching 5412 1eish, ol 1t

oA AtA ZIE 7HO] generation ¥ recombi-
nation YO 2 carrier trap, on/off ratio 74,

JA} ol sk Aotz t|22]o] endurance §44& €&
A7l &A1 0] Qo [16,18,19].
olfst FAIEE aliAst7] sl TiOz/TiOz2-xQ] 4AFA

B S
t}. oj9} weisto] o]
A

4] 4
AT, Mg waly tlzalo] X Qe Wt
SsixlA] o ot [20.21] B AoME A B
50 A 7x5 GAF Helz &Y 4 U &Y
RS AHATI] alA, AAE AY Wad oe



A7) AR 28l =2 x|, 338 A6S pp. 454-459, 20201 11

sFo.
=

S5 Oﬁ:] = 7—%']0]"‘ TiOz/TiOz- xoﬂ e
o #HA2E A8t} [21,22,23].

mely B ARME Tioy/TiOp, ulete SAe
15 A Weky wele] AN 54 FHL S
A ARE Ata Beso BEAE NRF T B
ATe Fastl H3HoR AY Wy qug A
ALt E3 AtA Bepaoiz Qg A AUS
2 Y] U 2410 T £AL ofe} Al o}
Wi F0l Ags WAstAt A 2o}
1

a2 12 & =wolA At 50 AtekEe] &
ol TiO2/TiOz-« 7I8FQ] AXMS JteFstAl YRt A
oty vleo] ARES FYAIE Yoo A
AlE]l 9l A= 1Al Ti0,/TiOz0f A83513ct.
=7 oF 600 um@] heaviliy doped n-type Si wafer
= 7|Ho]X} 5 AZOo 2 AFE5HYTE Surface defect
(metallic defects, organic particles)2 A|A35t7] ¢
s &AF A4S 312 A2 SPM cleaningS oF 608
£ oF 90°C 7oA MYt

Si sh3 A= Ao] Aol uhe AAkstr] YsiA NCD
(LUCIA DI100)At9] atomic layer deposition (ALD)
system& AREStY TiO, & ZAbstgth ALD cycled
Ti9] precursor@H titanium tetraisopropoxide&
zalsto] 1 cycle? AASIT 1 cycled °F 0.2 A =
Aoz £ 1,000 cycleg ¥HEsto] oF 5 nm FA 9

oo

_4

|

Fig. 1. Structure of TiO»/TiO,-based ReRAMs processed oxygen
plasma treatment with RF power 30, 60, 90, 120, 150 W,
respectively.
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Table 1. Summary of the electrical average HRS and LRS
current, HRS:LRS ratio of TiO,/TiO,.x ReRAMs.

HRS:LRS ratio
(x10%)

RF power Average HRS
(W) current (X10'6)

Average LRS
current (x10‘2)

As-dep. 8.26 2.47 2.99
30 5.78 3.38 5.85
60 4.19 2.94 7.02
90 5.48 4.62 8.43
120 2.55 2.79 10.9
150 291 7.96 27.4
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Fig. 2. I-V curves applied 0 to 5 V of the TiO,/TiO,x ReRAMs manufactured treated oxygen plasma through MBE at (a)
as-dep., (b) 30, (c) 60, (d) 90, (e) 120, and (f) 150 W, respectively.
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Fig. 3. AFM images at 250%250 magnification of the TiO,. thin-films treated oxygen plasma through MBE at (a) as-dep., (b) 30,

(c) 60, (d) 90, (e) 120, and (f) 150 W, respectively.
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Fig. 4. 1-V curves applied 0 to 0.3 V (Low voltage) of the TiO»TiO.,x ReRAMs manufactured treated oxygen plasma through
MBE at (a) as-dep., (b) 30, (c) 60, (d) 90, (e) 120, and (f) 150 W, respectively.
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