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A Review: Comparison of Fabrication and Characteristics of Flexible ReRAM and
Multi-Insulating Graphene Oxide Layer ReRAM

dsw-duea-gHe -0y
(Dong-Kyun Kim, Taeheon Kim, Taehwan Yoon, James Jungho Pak)

Abstract - A rapid progress of the next-generation non-volatile memory device has been made in recent years. Metal/
insulator/Metal multi-layer structure resistive RAM(ReRAM) has attracted a great deal of attention because it has advantages
of simple fabrication, low cost, low power consumption, and low operating voltage. This paper describes the working principle
of the ReRAM device, a review of fabrication techniques, and characteristics of flexible ReRAM devices using graphene
oxide as an insulating layer and ReRAM devices using multi-layered insulator. The switching characteristics of the above
ReRAM devices have been compared. The oxidized graphene could be employed as an insulator of next generation ReRAM

devices.
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Fig. 1 The switching phenomenon of ReRAM device (a) The
representative structure of ReRAM device (b) “SET”
phenomenon when a positive potential is applied ato
upper electrode (c) “RESET” phenomenon when a
negative potential is applied to upper electrode after
“SET” condition.
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Table 1 The comparison of fabrication process between
conventional ReRAM device and the graphene
oxide based ReRAM device.
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Table 2 The graph of Work function and electrode voltage
which represent oxide metal insulating material and
electrode material.
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Fig. 3 The graph of Work function and electrode voltage
which represent oxide metal insulating material and
electrode material
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Table 3 The comparison of the results between ReRAM device
based graphene oxide and ReRam device based CuO
and TaO metal oxide.
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Fig. 4 The results of switching characteristics of graphene
oxide-based ReRAM device (a) flexible ReRAM device
(b) multi-insulating layer based ReRAM device.
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device switching properties of graphene oxide
comparison.
1 28 AT IF SET | RESET
=3} tigta i
[4] Chun-chieh Lin 349 V1056 V
K=To]lo)¥ (7] FIO|AE theh FEe | 2V -3V
ReRAM U ofeta
AR} (18] Lu-Hao Wang 22V | =35V
ster st
[19] ﬂﬁiﬁ 2V | 5V
24 tfeti
) [6] Eaﬁil 3V | 3V
s ECE
eSS S that ]
ReRAM (8] =X 0.7V| 13V
_’1':7(} I RO EH%_].“]
T b _
[20] Fushan Li 35V 3V
ARM ZE, oy ZFE E5H0] Akt JEiE Hess g4
SISO, ReRAM A 2918 §4 YAl -5 VREE 5 V H¢)
Qtoll A Ao B 40] SETT RESET Z2WE HISICh SET
I RESETO] THEE 4 V OJUjoA] 2w We AgolA] 4A
7t SF6k= 2k HOIth oA 918 ReRAM 4A] AL
SETa} RESETO] Z¥2t kb 29] HejojAl & HAw 05 &

ASE 45 ReRAM 2AFS] E9 SETa RESETO] F¢ish
ReRAM AAF9] withe] F4g mHE= =R URTACE ol
st ez I8 4004 & 4 Qrh Ztf SETI RESETO]
Z¥2F 349 Ve -056 VoI Ol= & 30j4] HOFE 4 VEL
OiRF oz W@ AYoIA ReRAM AP SIS onigith
Ol He HYoR & AKX ke

oujshy Hs W
ROl S&ok= ReRAM 4£AME 7Hdshs= Z10] Qo290 oIt
dreko] & Zlojth

=

f—y

3.2

Z9) o7 ZIE HEEE ReRAM 4AR= Akl JEjdls
0|83t TS ReRAM AAF & FOISH ReRAM AAM] THSH W&
o] o] &L ATHT]. B =RoAe 45 JguEe "des
OF AMESH ReRAM AALO] A& B S8g 7|=oten, &3

o5 2% AEo] #5t] 7)=5tAE. ReRAM AKFY] A9

Ng BEL] Qeike A9 Lekeet AF Mev "o

SR %2 312 7HHok Sithe]. T8 Hummer's B
29 Fg, A X, oldd JAE 083510 Akgt i
gAg 4 Qom, SUTH ReRAM 4K AIEH B TS
ReRAM AAF A& AFst ZZHIE0Z thapdito] 7}
TS AS IEiE "EoEs g8A7I A

=Z21r-o= oo

oF - md B oo o &

ol B e
1o

ol 71Jj|. Hlm

1373



H7ets ==X 65¢ 8% 2016 8¥

References

[1] Mohamed T. Ghoneim and Muhanmmad M. Hussain,
“Review on Physically Flexible Nonvolatile Memory for
Internet of Everything Electronics”, Electronics, Vol. 4,
2015, pp. 424-479

[2] H.-S. Philip Wong et al, “Metal-Oxide RRAM’,
Proceedings of the IEEE, Vol.100, No.6, 2012, pp. 1951-
1970

[3] Yoshihisa Fujisaki. "Review of Emerging New Solid-State
Non-Volatile Memories", Japanese Journal of Applied
Physics, Vol. 52, No. 040001, 2013

[4] Nicola R. S. Farley, “Sol-gel formation od ordered
nanostructured doped ZnO film”, Journal of Materials
Chemistry, Vol. 14, 2004, pp. 1087-1092

[5] Chun-Chieh Lin et al, “Graphene-oxide-based resistive
switching device for flexible nonvolatile memory
application”, Japanese Journal of Applied Physics, Vol. 53,
2014, pp. 05FD03-1-4

[6] ZWei et al, “Highly Reliable TaOx ReRAM and Direct
Evidence of Redox Reaction Mechanism”, Electron Device
Meeting, 2008, IEDM 2008, Dec.15-17, pp. 1-4

[7] Dae-Hwang Yoo et al, “Effect of copper oxide on the
resistive switching responses of graphenen oxide film”,
Current Applied Physics, No.14, 2014, pp. 1031-1303

[8] Hu Young Jeong et al, “Graphene Oxide Thin Films for
Flexible Nonvolatile Memory Applications”, Nano Lett,
2010, Vol. 10, pp. 4381-4386

[9] Je Bock Chung et al, “Enhancement of memory windows
in Pt/Ta205-x/Ta bipolar resistive switches via a
graphene oxide insertion layer”, Thin Solid Films, 2014,
pp. 1-4

[10] Lu-Hao Wang et al, “The mechanism of the asymmetric
SET and RESET speed of graphene oxide based flexible
resistive switching memories”, Applied Physics Letters,
No.100, 2012, pp. 1-4

[11] Dmitrity A. Dikin et al, “Preparation and characterization
of graphene oxide paper”, Nature Letters, Vol. 448, 2007,
pp. 457-460

[12] Geetika Khuranan et al, “Forming Free resistive
switching in graphene oxide thin film for thermally
stable non volatile memory applications”, Journal of
Applied Physics, Vol. 114, No. 124508, 2013, pp. 1-6

1374

[13] Chung-Nan Peng, “Resistive switching of Au/ZnO/Au
resistive memory: an in situ observation of conductive
bridge formation”, Nanoscale Research Letters, Vol. 7, No.
559, 2012, pp. 1-6

[14] Fang Yuan et al, “Retention Behavior of Graphene
Oxide Resistive Switching Memory on Flexible Substrate”,
IEEE, 5th International Nanoelectronics Conference,
Singapore, 2-4 Jan. 2013, pp. 288-290

[15] C. L. He et al, “Nonvolatile resistive switching in
graphene oxide thin films”, Applied Physics Letters, Vol.
95, No. 232101, 2009, pp. 1-3

[16] Dong Ick Son et al, “Flexible Organic Bistable Devices
Based on Graphene Embedded in an Insulating Poly
(methyl methacrylate) Polymer Layer”, Vol. 10, 2010, pp.
2441-2447

[17] Chaoxing Wu et al, “Highly reproducible memory effect
of organic multilevel resistive-switch device utilizing
graphene oxide sheets/polyimide hybrid nanocomposite”,
Vol. 99, 2011, pp. 1-3

[18] Chung-Nan Peng et al., “Resistive switching of Au/
ZnO/Au resistive memory : an in situ observation of

conductive bridge formation”, Nanoscale Research

Letters, Vol.7, 2012, pp. 1-6

Z = #(Dong-Kyun Kim)
19881 1€ 29 A
20139 =0t LA AEE st £
20149 1t ®7IARN AL st
Tel @ 02-3290-3693
E-mail : kimcomnim@naver.com

Z ] S(Taeheon Kim)
1982 4¢€ 149 A
20079 A-) Elntolsildstilt £
20099 Sl AZIAARubE sk AERAL
SEWE gt &2 B =&
Tel : 02-3290-3662
E-mail : page2lc@korea.ac.kr




A3t J2ES

& B} €HTaehwan Yoon)
1987 78 28¢ M
20154 7rAth AR s
20158 21Et) A7|AR}
Tel : 02-3290-3662
E-mail : yhyl057@naver.com

59
CAROE!

2 H

vt J S (James Jungho Pak)
19854 1]z Purdue O Z7|Zsh} EAGHAD
19881 = thSA. M 7IEsi EHKAD
199261 5 thekel F7IRatt BRI
1992 ~ 19959 0|2 IntelA} Q1T

1995 ~ S AHhE7 AP aRS SR

Tel : 02-3290-3238
E-mail : pak@korea.ac.kr

B0z AISE FUB ReRAMEL CHS TeiS ReRAMS| XX e 2 23

bolm

Trans. KIEE. Vol. 65, No. 8, AUG, 2016

1375



