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Abstract The manufacturing process of the resistive variable memory device, which is the based of
neuromorphic device, maintained the continuity of vacuum process and applied plasma module
suitable for the production of the ReRAM(resistive random access memory) and process technology for
the neuromorphic computing, which ensures high integrated and high reliability. The ReRAM device of
the oxide thin-film applied to the plasma module was fabricated, and research to improve the
properties of the device was conducted through various experiments through changes in materials and
process methods. ReRAM device based on TiO,/TiOx of oxide thin-film using plasma module was
completed. Crystallinity measured by XRD rutile, HRS:LRS current value is 2.99 x 10’ ratio or higher,
driving voltage was measured using a semiconductor parameter, and it was confirmed that it can be
driven at low voltage of 0.3 V or less. It was possible to fabricate a neuromorphic ReRAM device using
oxygen gas in a previously developed plasma module, and TiOx thin-films were deposited to confirm

performance.
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Fig. 1. Schematic diagram of ReRAM with electrical biasing
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Fig. 3. Optical spectrum from oxygen plasma
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Fig. 5. XRD pattern of TiOx thin films

vhHo] X343t REA o] F7Fgto] what A XRDIf
9] peak 2theta = 27.5° peak”} A5sk=d|, o|#st
WIS Foff gt 2 ¥ RFAE Q7P Tioxe] 2
A4S amorphousOl Al rutile 22 AX} HIA|7| &=
o $8% 89102 {3t AoE AT 4= Ut

TiOx Bk Uutd o g A2 AJefjollA A2k Fof|,
ojmgt ZH A= A ¢= amorphous FEHE 7HA 1L
Urth vk Ao Aol 2%, el € plasma 1
7tofl wekA rutile, brookite, anatase2] Al 714 274
P2 AR 4= ok

Amorphous FHIE 32291 EF&AOZ QlIsl]
energy bandgap WellA] A435] @ =4 Jel (Localized
state) 2 LAE7] wiiZol] 4749 s w2 ofz}Fo]
ZA3} £33 24 YA (Grain boundary) 2HE A
HE Ag 39 A5t E¥(Charge trap) AHIZ Qlsto,



S22 70| Xgt Hat H22| AXf HME

HEHoR A7 Ag gho] ok Al 7l ofg]
FAEET Yok EAI-EO] Sl

SFA|TE amorphousOlA] rutile +2& AHSPE A
ojuA =4, A714 A grol @ASHA EolEal A
2 [E 25oA okgAel Ao 9lste] As} Ho]
(Charge transport)7} A&& 02 Folx|A] HOoZ F
FTH0E= AT A9 WEY dsol A71HoR &
% 9F2 54 ot A post-annealing2 2
plasma RFAZo] Hold4E, TiOx A9 &0 rutile
TEE A ARz AQEE RS gRIT 4 Sk

ols&=et

3.2 H&H22|2 HRS : LRS current X 2 A|

A

Drain voltageE 0 VEE 5 V712 double sweep
o= QI7Fstod, HRS AdeiolAl 7P W2 current 443t
LRS AEjolA 71 =& current 42 4319t T2
B AHoJAE o]&sto] A ] AE FE
stoH, dieA metu]E £7%7](Keithley 4200A)&

ol-g5to] A3ty vlme] A%kl HRS : LRS ratios
Z75to] Aottt 1 Z3k= Table 13 241, olwf
9 5 AY 272 0.3 Volsto|tt.

Zr N&=o Eﬂa A2} HAXE A e HRSH
TEZ S5, ANAY HAAE ATt LRSEH
#HE 7ol om, ol& o|-&sto] HRS : LRSY H[ &=
[t

X,
_g

Table 1. Measurement and calculated data of HRS : LRS

ratios
S HRS LRS HRS : LRS
amples :
average average ratio
1.RF OW 8.26x10°° 2.47x107 2.99x10°
2.RF 30W 5.78x10°® 3.38x107 5.85x10°
3.RF 60W 4.19x10°° 2.94x1077 7.02x10°
4.RF 90W 5.48x10°° 4.62x107 8.43x10°
5.RF 120W 2.55x10°® 2.79x107 1.09x10*
6.RF 150W 2.91x10°® 7.96x107 2.74x10*
4, &=
2 AFoAE Betxrt mES 483 A1S1E vute]
AGHEG Hme] ARE AR, A9 EAS F
A1717] 5t AT AR} 3 A9 HILE Foto]

AbA %E}ZDH Ol—%}ﬂ Abds Bt sk A
EgAo] 776 nmolA #5511, 75 ol23std A=
2ol A %%H PAFEol H‘E‘r B0 4TS F= =27
Znp BES o]8stgint. Al IollA TiOx dhao] &
g2t BEE o]85o, AkA FUFE 20 scemOE
IASIH, 0, 30, 60, 9, 120, 150 WE 2715t 671
A =5 ARbstelon, Z+g B4 AH|E B3 H|uE4o]
o|fojHc}. AAHAL XRDE &435}9] rutile 2theta =
27.5° AAAE It

_«a.xu]. s 0 Z-LQ_o ﬂ'% HPUP_,] Xllo]-HfiQJ_(::] uﬂ
TE]AA; [Si/MoW/TiOz/TiOx/MoWIE A2t &=s}
AL, AR AR B get|E S4712 A o]
©2]9] HRS : LRS ratio= 2.99 x 10° ratio 4],
T& A% 0.3 VolstollA 5ol 7Hsdt A Wty
e &S At

H Lo FL_E ZgtRn} 1t
3to] TiOx ¥ahe S3ts510] é
o AFES 9% AT #ig) v
o] 7Fsstart.

_M}

[e]
S0l JUL 70T 4 UL Aol W P B
doll g 7Hsahe, A mele Tdo] 15 Ao
= 7qgct

REFERENCES

[11 W. W. Zhuanget, et al. (2002). Novel colossal
magnetoresistive thin film nonvolatile resistance
random access memory (RRAM). Digest. International
Electron Devices Meeting, 193-196.

DOI : 10.1109/1EDM.2002.1175811

[2] M. Terai, Y. Sakotsubo, Y. Saito, S. Kotsuji, & H. Hada.
(2010). Memory-State Dependence of Random
Telegraph Noise of Ta,0s/TiO, Stack ReRAM. [EEE
Electron Device Letters, 31(11), 1302-1304.

DOI : 10.1109/1ed.2010.2068033

[3] S. Tanakamaru, M. Doi, & K. Takeuchi. (2014). NAND



==X H11# H10&

(41

(5]

(0]

(71

8l

9l

(10]

(11]

[12]

(13]

Flash Memory/ReRAM Hybrid Unified Solid-State-Storage
Architecture. [EEE Transactions on Circuits and
Systems I Regular Papers, 61(4), 1119-1132.

DOI : 10.1109/TCSI.2013.2285891

J. Park, et al. (2011). Multibit Operation of TiOx
-Based ReRAM by Schottky Barrier Height Engineering.
IEEE Electron Device Letters, 32(4), 476-478.

DOI : 10.1109/LED.2011.2109032

M. Trapatseli, S. Cortese, A. Serb, A. Khiat, & T.
Prodromakis. (2017), Impact of ultra-thin AlOs-
layers on TiO;-xReRAM switching characteristics.
Journal of Applied Physics, 121(18), 184505

DOI : 10.1063/1.4983006

Y. S. Rim, H. S. Lim, & H. J. Kim. (2013).
Low-Temperature Metal-Oxide Thin-Film Transistors
Formed by Directly Photopatternable and Combustible
Solution  Synthesis. ACS Applied Materials &
Interfaces, 5(9), 3565-3571.

OI : 10.1021/am302722h

M. Katayama, S. Ikesaka, J. Kuwano, Y. Yamamoto, H.
Koinuma, & Y. Matsumoto. (2006). Field-effect
transistor based on atomically flat rutile TiO2.
Applied Physics Letters, 89(24), 242103

DOI : 10.1063/1.2404980

Y. C. Shin, et al. (2008). (In,Sn)203/TiO,/ Pt
Schottky-type diode switch for the TiO; resistive
switching memory array. Applied Physics Letters,
92(16), 162904.

DOI : 10.1063/1.2912531

D. Y. Kim et al. (2009). Optical Emission Spectra of
Oxygen Plasma Produced by Radio-Frequency Plasma.
Applied Science and Convergence Technology, 18(2).
102-107.

OI : 10.5757/JKVS.2009.18.2.102

D. V. Ponomarev, G. E. Remnev, R. V. Sazonov, & G.
E. Kholodnaya. (2013). Pulse Plasma-Chemical
Synthesis of Ultradispersed Powders of Titanium and
Silicon Oxide. /EEE Transactions on Plasma Science,
41(10), 2908-2912.

DOI : 10.1109/TPS.2013.2273559

S. Park, B. Magyari-Képe, & Y. Nishi, (2011). Impact

of Oxygen Vacancy Ordering on the Formation of a

Conductive Filament in TiO2 for Resistive Switching

Memory. /EEE Electron Device Letters, 32(2), 197-199.
Ol : 10.1109/1ed.2010.2091489

Y. C. Bae, A. R. Lee, J. S. Kwak, H. Im, & J. P. Hong.
(2011). Dependence of resistive switching behaviors
on oxygen content of the Pt/TiO2-x/Pt matrix.
Current Applied Physics, 11(2), e66-e69

DOI : 10.1016/j.cap.2010.11.125

H. Zhang, et al. (2018). Understanding the Coexistence
of Two Bipolar Resistive Switching Modes with
Opposite Polarity in Pt/TiO2/Ti/Pt Nanosized ReRAM
Devices. ACS Applied Materials & Interfaces, 10(35),
29766-29778

DOI : 10.1021/acsami.8b09068

[14] Q. Liu et. al. (2009). Improvement of Resistive
Switching Properties in ZrO2-Based ReRAM With
Implanted Ti lons. [EEE FElectron Device Letters,
30(12), 1335-1337
DOI : 10.1109/LED.2009.2032566

[15] S. R. Joshi et. al. (2016). Optical studies of cobalt
implanted rutile TiO2 (110) surfaces. Applied Surface
Science, 387(30). 938-943
DOI : 10.1016/j.apsusc.2016.07.038

2l 2 5(Geunho Kim) (23] ]
2 - 19999 249 : Botdisty AH-Rrl&st

BN R

20189 99 ~ @A : FEAstE of
St AFE T Ay
- 20189 39 ~ @A @ HYHs}t R
OJAk
- TAIEOF | REEAAA RO}, Z-Z7|&
Rof, fasdlo] U QaARo}
- E-Mail : cdgim@naver.com
4l & (Dongkyun Shin) [Halel]
-20104¢ 249 : =7l n Sy A

A58t (5D

20159 24 sEV|EnSOste A
A58t (A

20194 2¥ : e TS
TBAA77] (FshAp

- 2020¢ 99 ~ @A - 1A Y

st A

A

- TAl¥EoF ¢ OLED, &9 34, Fo= 7Hax

- E-Mail : dongkyun.shin@gosan.kr

0| & FDong-Ju Lee) (A5
19989 24 @ AEHSt 7| A15e
(FHAh

-20009 24 : AEHst 7| A1Ss)
sk (ZsHAh

20159 89 : sty
(EA =)

20209 4¥ ~ @A @IAL AL

=23t

A<

a4

_tg

- AR T SR ], Aol dF AH| 2 15
Azl tjrjel, AL /A TAEEof

- E-Mail : djlee@hexar.com



FEDT 7ol Xgh Wt HE2a2] AKXt A

Xt
o

al
=

Sot=0r B HE SHJIE0

Z 2 Z(Eundo Kim) EEE)
- 19943 2¢ : AAQYstn 288y}
(oI3Hh

- 19974d 2¢ : AAQYstn 28y}
(oI3+4AD

- 20124¢ 29 : AAYstn 2esia
(oIgFkAh
20169 3¢ ~ @A : FFHstka 7]

AAEABIR AULe, ClUn

gl A1 L A B A4 2 g Bk BE
ARA, El2Bedo] 2 QAo HAR R, Hep
SREEL:

- E-Mail : edgim@naver.com



