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Switching properties of resistive change memory with tiny limited space for
conducting filament formation
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We have fabricated a resistive change random access memor (ReRAM% using
insulating NiO nanowires, which is expected to indicate good reproducibility of the switching
voltage due to spatial limitation of formation of conductive filaments coming from the nanowire
width, where Indium metal as the top electrode was attached on the top of the surface of NiO
nanowire array and the bottome electrode was the residual aluminum plate. Current-voltage
characteristics of In/NiO/Al were investigated using a conventional two-prove method under monopolar
operation, where the current compliance limit was set to 1 mA in the SET process. The sample
exhibited clear switching behaviors and memory windows with a narrow switching voltage distribution,
comparing with the results of ReRAM using thin film insulator. Our results indicate that reduction
of the number of conductive filaments is very effective to improve the reproducibility of the
switching voltage.



¥ X C—19,. F-19—1.
1. WFIEBHAE 4O 5

Xy XU H—ZEBIEEZEIM L., kR ot
f%ﬁﬂi%iﬁigfék‘g . AL D BT &

=R ITCKRKE {/luﬁl{uuﬁ’biﬁb‘cﬁﬁ @‘5& AR
nﬁfai Lz, BEEZHEMLUI-% »HDHE
JECTHEEIRICR DB NE X 5, _@ijﬁ
FFEFATVRAZLELTEHEI B ALNT
WA, ZDORENTEEE THLNZR - T
Wi o Tz, EOHFFEIZ LD & HalamkiE
RRIEENET 0 T A RERSIN, 207
4 T Ay MBRERE kAR R s CE IR
Elmo Bz yins-v
ZOBEENRY A7) vy riICiRETWDL I L
& JE - MRRIE N E T T DRI
BETHLZLRENDN->TE, Z0F%
FTOIERENBIED 7 7 vvaAEY X
DK 10,000 RN E G, AT Y
ELTCHEBSRTEY, BB AEY
(ReRAM) EFREN TV D, AT DL L
DIFRBFIZELDE W RFEIZLY
ReRAM ZiFE ALz TR L2 T ud
RBIRVWIRO XD RENH D Z LD
DTl T& T,

(1) ERPUREED SR IRPUIRRE I 2T 5

SET EENBRBEL EL2L 2 &
(2) FFOEZWBIFIHEN T T vaAE
VicEsz &,

INSOMESORREL, “74 7 A ME
TNTANZKD &L MO Y 7 N T L— o &
UURFICAELO N B ORISR KRIDE D
EENT A TAL SN AAL v F IO
TUHLNGRIREND 2D THDLEEZD
nad, TxOPFERETIE, T EEEN
RIS 2 72010, 1E S0 & O Kl & &/
HTh-o7-fE (RMM) #EAL., RMM 2
2UTICRbZ ExABELT, (1) i
bR —F 27 )L 2 F @ 40nm OHFL % F)H
LTT7 47 A MBEREINDZEMEIRE
L=y, (i) 7AIF/ BETITALI=T AN
REICTEAF /) ¥— U iEETcOERET
BBICED T 4 T A FDIER Y O &
RATE, &ablz, (i) HEEoLE %
ELRALFHTIEIC L VTV, BREEERIZ T
BEENSAEHRT D E BT TET, £
DOFER. B2 2 AT B T S A AT
RMM (X2 TCOHIET/HEL 72 ot=ny, ZE[RH
HIRTIX, TOEIZ20 ETHY , BRES
T, 2 FICMZABNEZN, AL v F T
BN D72 otz MEEOSE TIiX, K
WAL v F U TR OSEN R DN,

RMM 73> 2 > D J51k X U bR&E oz,

bR R E
BEYTLET
v — 7 #E TR
EIZERIZ T o
TT74 7 A2 b
DI S 15 58
WAERIRETE

—.nsco,’ls. oKV "hs‘b

N, o 2>D . (S
FETEH, T/ ®1: R—SRF7ILZF

Z—19,

RSN THI LT,

CK—19 (@)

A= VT ZEMHIRIITETHDH DD,
l1@ﬁﬁﬁﬁkio AU AT ST T
. ZEEHIRE T ENTES, 74T A
VMEINREBOIER S TWELD LEE X
LD, MEREOUE TIX, BE OB/ A
DRI AERE I, 2 DT 47 A MR
ENTT2D, AA v F 2 7 OEPRFENILHN
D, AL v T TEBIEDIZTLOEIIREL A
STLESN, FMIKBICdkEIN L
HEINn5,

INLDOEENS AL v F U TEIEDOH
Btz m L&, Hio, A4 vy F 7 EED
MIETICiE. 747 A2 bOZEMEIENY &
DWIEF O -
Manztrrr O
4 T A NP
Thb, LrL% st 510, |
M5, PR DFAT TR TS
SR D F N A R RN SRR
TIX., ZnXkok
HREEMZ 5 Z &
IXTEJ, EWME
MIZELND 7«
TALNOREE
AA v F v TEE
DITHDOXRAA
v F o TE e Y
DO EFRITH B I
o TWARY,
N G
Tl ZEMB7eIA
NIEF /U AY
—OEFHmIET
T, ThicEELR (5
FmTix, BERE
TlhEHbZ Lb2g By |
M7 HIfE % B B B ) U A ¥ —
T2 EMNT
x 7%, X2 /4% —

ERITO+ER

2. WMEOEM

FI T, AWETIE, R—F AT VIFO
F I AR—NETF LT L —MNILTHES®
Bt ) U A Y — &R LTHY
M LAY 2R, A v TF U 7E
EOFBEMtER EIEAZEEENET S,

3. WHED L

[F/ U A ¥ —ER]

Al/Pt/Si0«/Si #fE4% MBE ThHE L 7-%
(K2@®), HAEHI L= ) m—L&215GD
7222 AT v TIERBRILIEIC LY Z O
FfmEEik L (X2©@), A—F A7)
/Pt/Si02/81 #ER4 B . Eobn=7 /I FF
)= ik F 7L, FTHOE&NE
HULUEEBLET A—LZ2ED ([X2®).
BERAXEIZLVEREE T ) A—VITH#
Wity (KM2®@), ZZ T, &@sLTE
%y%&f%ﬁ@%5~/#wkﬁéf%ﬁ
DEDIAARE, TAVITFTET T 7IED



kL, mERMT UL Y—2BHIES

(M2®), 7/ VA Yv—%2BHEFRFALKTT
WA NWAIRRESCREF TN 20, BT
7 A< T L, #ikxikr / vA Y —%155,
BonsdF UL Y —0EEIEL 50~100nm
ThHY, 747 A MRIZKHLTELEEEKR
EVWDOT,. 2 TF T HBWIFIBIZLY S
JUA Y —NES AR TEZEE /NS
LTI, 7/ UA4Y—041K 2, BAL
ADHENHL & AL v F U T BRT, »
ROREN RGBT TCORR D LITRD,
ZHICERLT, A vF o 7EEOFIME
IR ESIND LD ]SRN D,

[F 7 UA ¥ —7Th]

VERL L 72 IR E DRI &2 1T 5 7212, B
T 7 BEMEE (SEM) I X 582179, 7.
BB T ) VA ¥ —DOBILIED R %
FEM 9 2 72 o A - B EE (TEM) 2 H
N CREM 22 A S RN H AT 9 o
(78 yit—75 1 Ry ]

LEEEmE A VT A E L TRILAE( A
Y EERL, WAL X D ER-EER
PRI Z4T 5, 2 2T, EEPUIRED HEHL
PULIRREIC B 92 SET B2 TlE., 1 mA OEHR

HIfR 2R BT OEEMEEEl<Z LT
2o

M3 NigRE+/IM4Vv—EBESEINE
149 (@ 59 b TRESINE-F/D
4 " —DSEME

M3IZR—=F 2T VI FDF L=
v NVEBDIANLTHER L=y F V&R
T/ U4 — L BBFHERI TG L
7=+ UAY—0SEMB &R, BE{LALEE 1
NTEHEVF ) UL YT —OERIFEL
TV, 5 TIEERNKIEICKE < 7
D, FELLBEPEATNWDEZ ERNbnd,

X 41%, BET T X~ CTHALALPE & fii L 7=
F UL Y —DOfERTHD, 14, 3. 5
SOBCIVER T ) U A Y —DEAIT. DT
MMIKEL 2D Z L HER S, Tt 4 DIRKE
MHEDOEBLB/NINZ Enb, b n=o
X, R UA Y —oRmFETH D EHE
BIND, £7-. TEIM Bl 6, FPHREY .

B4 BHEITSAIT14(@). 350,
55 () B nTf=F/ T4 ¥—DSEME

FRALRRIEIT 7 nm FREE T, MR(LIZ@BEEKE T

HETWD I Lhbnrol,

AN
. 1
10 T
—102ke Vo4 Ry (a)a
=4
=10 7

= RESET

Number of cycle

76 cycle |

o 1 2 3 4 5 o 1 2 3 4 5

!

7

Number of cycle

0o 1 2 3 4 5

Number of cycle

0O 1 2 3 4 5
Switching voltage [V]

Voltage [V]

M5 BEITSIATT14H@ b). 3950 W),
55 () HMBENLS /) T4 VY—DER—BE
BHELAAYFUOIBREDER NI S L

X 5I1CiEFETT7 A<l b S
8T ) UL Y —0 [-VEER 7T, B{Lh
Mix 14, 34, 5 0RETHDH, 22T,
MEE O BRI B EREINTEB Y, KEan
SET j#F2, 7% RESET #fea R L TW5,
2 TOREHZIBWT, SET &E/EIE 3 V LI,
RESET &MEIL 1 V LAINTEIMEL TRV, SET
BRI B e/ VIR & RESET i@F2 D fix K
BEEOMIZTEL2EBU-V 74> RU)MK
ELENTWAE I ENfERTED, 20 IV
742 K72 X v, SET i@fE & RESET @M
o X VXHTHZENTE D, BWHIE(L A
£ Y%, SET #@F:., RESET @@fi % = h £
.70 E7 1 KRB LA EE D Z LT,
RERMEOATY ELTEMEL TS, 20D
ZEMS, ZORBNRAEY ELTEMELT
WABZ ERDLND, B SET BIED KK
fill & Fe/MEIE 1 5 DFEFT 2.74 V. 0.98 V,
3ADREIT 1,98V, 1V, 5Dk T 2.68
V. 1.04 V &2 TW5%, ZDOHR T, SET &
JEDOIX D& Tlb/NSWEZR LD,
FRlL R 3 0 OB CTH D, M0 I UiANE
1. BE(LIRR 1 4 TIZ 77 A 7L, 34Tl
2 A TNV 55 TIE36YA 7V THoT,
SET, RESET @ RMM(=V,./ Vi) 1. 1 23 Dkt
T2.9 & 2.5 340RET2 L 1.98, 54
OB T 2.58 L 2 THDH, ERLOEE
LT, ZTORMIF2LUTFTTHDLZENRLEEL
VW ZHUTE BTV S OIX, BREIFRAS 3 5
OB E T o TWD, 1 4y, 5 ok Tk
ERICHEREL D PN RkE VR, &

=



T3%FEI>TWE, ZOZ b, /U
AXY—%HWTT ¢ T XA FIERZERM % i
WErZlid, AAVFUTEIEOEFEHOX
PHHIT 5 DICEATHD LWV D,

—_
(=1

T
a){ S s
@] 4
4 < 6
(=]
J g 4
g
21 cycle Z= 2
10*10 ! ! ! ! 0
o 1 2 3 4 5 o 1 2 3 4 5
Voltage [V] Switching voltage [V]
10 T
8 |
g s (d)
36 4
P
(=]
5 4
El
E 2
0
0

1 2 3 4 5
Switching voltage [V]

Voltage [V]

M6 BEZSESTTI9H@ b)E5%5 ) ).
REINhf-F/ TAVY—DEFR—BEHMEELE XA
YFUTBEEDER RS L

X 61%, BREFAKHCBILLI-T /DA
Y —ZHAWTIER L 72 FF OB iR-—EERM
L2AAL O F U TBEDE AN T T A TH D, 1
4y DFREFOSET, RESETEE DO KMEIZZNE
NL72V, 0.52 Ve /h&L, F£2, IV
T4 RTHERELSHNTEY ETHRNA
A v F U THEMEERLTWNT, AV ELT
BIEL CWDONRHERTE 5, 5 DORED
SET, RESETEED R KEIXZENE L, 4.3 V,
0.64 VL7725 TWW5, SETEFEICHBWNTI~5V
D TRERBEDITLOENE LN, [V
T4 RUIIHERTET, AEV L LTOH
ELfERTX 2wy, 5y oikHL, 7/ VA Y
—DEEN200 mE KEL, 74T AV M
RZEM OHIE BTN T, 74T A MR%
B SNTWDZENFRREEZOND,
AN T LERTHRD E, SET, RESETZ
FILORMIZ, 157 DFECTL1.72L1.86, 557D
HET3.26L16TH D, 14 DB ORMOE
IELSET, RESETC2% Flal> TV DA%, 543 Dk
BHI2 ZRELSBATWE, ZOZ Enb,
FIIOAY—FHNTT 4T AL MEKZER
OFHZFTH & XX, T/ IA ¥ —DEZREN
MNZERERITHD EERD,

[£&0]

AW TIE, BB AT DAL v F
TR ICER SN2 EEET 0T
A FOEERSTZET, AL v F U IE
JEOIX X 2#MfilT5Z L2 HME L, #
IR 2 U4 Y —%dkxik s L CHWEK
PIE AT ZERIL, ZDOAAL v T Tk
MEFHI L7, ZO/E., ZOFRFTIE, B
FREEEE b O AL v F v ZEEBEH
SNz, TOZEXY, T 4T AL N
ENDHZEMERIRTHZ kD, 74T
VENEEELOERLZ N AL vF U E

JEOBBEN EICKREFENTHDLZ L1
Mote, £, B AL v F TR
FAF OMIRAEOIEED 7 nm & Mg IZ# -
T2 en, MERBIEEZ VWA Z & THIK
P AV X, BIFR AL v TF o T HE%E
AT ERHIRS L, BEICE LT, 1D T
BRM 72 ERME R T ZENTE,

5. ERFEEmmLE

UdEREam 30 (R4 1)
@ T. Aono, K. Sugawa, Tomohiro Shimizu, S.
Shingubara, and Kouichi Takase, Switching
behavior of resistive change memory using ozide
nanowire, Jpn. J. Appl. Phys. 57, 06HDO07 (2018).

@ Tomohiro Shimizu N. Tanaka, Y. Tada, Y.
Hara, N. Nakamura, J. Taniuchi, Kouichi Takase,
T. Tto, and S. Shingubara, Fabrication of
nanocone arrays by two step metal assisted
chemical etching method, Microelectronic
Engineering, 153 55-59 (2016) ##HtdH Y

@3 Kouichi Takase, Tomohiro Shimizu, Kosuke
Sugawa, Takashige Aono, Yuma Shirai,
Tomohiko Nishida, and Shoso Shingubara,
Fabrication and optical property of metal
nanowire arrays embedded in anodic porous
alumina membrane, Jpn. J. Appl. Phys. 55
06GHO09 (2016) EHid v

@ Kosuke Sugawa, Koji Uchida, Naoto
Takeshima, Shota Jin, Natsumi Tsunenari,
Hideyuki Takeda, Yuki Kida, Tsuyoshi Akiyama,
Joe Otsuki, Kouichi Takase, and Sunao Yamada,
Extraordinary enhancement of porphyrin
photocurrent utilizing plasmonic silver arrays,
Nanoscale 8 15467-15472 (2016) &tV

(¥R GH161F)
(D The 7th Nanoscience and Nanotechnology
Symposium organized by MRS-Indonesia (¥1%
1) (|EIFR74), Kouichi Takase, T. Aono, K.
Sugawa, Tomohiro Shimizu, and S. Shingubara,
I-V Characteristics of Nanowire Based Resistive
Change Memory, 2017

@ Electrochemical society meeting (EIfEF%),

Kouichi Takase, Takashige Aono, Kosuke
Sugawa, Tomohiro Shimizu, and Shoso
Shingubara, /- Characteristics of NiO Nanowire
Based Resistive Change Memory, 2017

@ International Conference on Physics of
Light-Matter Coupling in Nanostructures ([E B
2¥), Kouichi Takase, Takashige Aono, Kosuke
Sugawa, Tomohiro Shimizu, and Shoso
Shingubara, Fabrication and optical properties of
Ni/Au bimetal multilayer nanowires, 2017




@ EMN Meeting on Memristive Switching &
Network (Hif#3#1#) (EIFR¥4), Kouichi Takase,
Switching property of nanowire based ReRAM,
2017

® IUMRS-ICAM ([H FE¥23), Takashige Aono,
Kouichi Takase, Kosuke Sugawa, Tomohiro
Shimizu, and Shoso Shingubara, -V
characteristics of nanowire based resistive change
memory, 2017

©® International Microprocesses and
Nanotechnology Conference (MNC 2017) (FEIEz
%#:4Y), Takashige Aono, Kouichi Takase, Kosuke
Sugawa, Tomohiro Shimizu, and Shoso
Shingubara, Switching behavior of Resistive
Change Memory Using Oxide Nanowire, 2017

(@ GLOBAL RESEARCH EFFORTS ON
ENERGY AND NANOMATERIALS (355
1#) ([HB5#4Y), Kouichi Takase, Takashige Aono,
Kosuke Sugawa, Tomohiro Shimizu, and Shoso
Shingubara, Resistive Change Memory using
Oxide Nanowires, 2017

PVSEC-26 ([EBE*#42), Tomohiko Nishida,
Tomohiro Shimizu, Kouichi Takase, Shukichi
Tanaka, Takeshi Ito, and Shoso Shingubara,
Formation and evaluation of Cu2ZnSnS4 films
prepared by electroplating and sulfurization with
CS,, 2016

@ 13th International Conference on Nanoscience
and Nanotechnologies (NN16) (EIFE5%),
Tomohiro Shimizu, Kouichi Takase, Takeshi Ito,
and Shoso Shingubara, Formation of Si moth-eye
structures using 2-step metal assisted chemical
etching, 2016

13th International Conference on Nanoscience
and Nanotechnologies (NN16) (E FE5%),
Kouichi Takase, T. Aono, Tomohiro Shimizu, and
S. Shingubara, Fabrication of Ni nanowire based
resistive change memory, 2016

@ EU PVSEC 2016 (FEFE5:4), Tomohiro
Shimizu, Kosuke Nishida, Tomohiko Nishida,
Kouichi Takase, Chonge Wang, Shukichi Tanaka,
Takeshi Ito, and Shoso Shingubara,
Opto-electronic properties of Cu,ZnSnS, films
prepared using electroplating and CS,
sulfurization process, 2016

@ International Microprocesses and
Nanotechnology Conference (MNC2016) (& B
:4%), Norihiro Tanaka, Tomohiro Shimizu,
Yoshihiro Tada, Yasuhiro Hara, Noriaki
Nakamura, Junichi Taniuchi, Kouichi Takase,
Takeshi Ito, and Shoso Shingubara Fabrication of

nanocone arrays by two step metal assisted
chemical etching method, 2016

@ International Microprocesses and
Nanotechnology Conference (MNC2016) (/& B
4), T. Aono, K. Sugawa, Tomohiro Shimizu, S.
Shingubara, and Kouichi Takase Switching
Properties of NiO Nanowire ReRAM, 2016

@ International Microprocesses and
Nanotechnology Conference (MNC2016) (& B
4%), S. Igari, R. Miyasaka, S. Jun, K. Uchida, K.
Sugawa, Kouichi Takase, and J. Otsuki, Precisive
Tuuing of Surface Plasmon Resonance
Wavelength of Anisotropic Silver Nanoprisms by
Removing Surface Protective Agent, 2016

Rare Earths 2016 (FA#F:#1H) (EBRFR),
Kouichi Takase, Electrical and Magnetic
Properties of the Layered Oxypnicide Natural
Superlattice, 2016

® International ~ Microprocesses  and
Nanotechnology Conference (MNC2015) ([
#4Y), Kouichi Takase, Tomohiro Shimizu, K.
Sugawa, T. Aono, Y. Shirai, T. Nishida, and S.
Shingubara, Fabrication and optical property of
nanoparticle using anodic porous alumina
membrane, 2015

International Workshop on Advanced
Nanomaterials for Future Electron Devices 2015
(HifraE) (HBEF =), Kouichi Takase, Y.
Tanimoto, S. Otsuka, Tomohiro Shimizu, and S.
Shingubara, Current-voltage characteristics of
ReRAM using anodic porous alumina, 2015

6. HFFTHEARR

(D) RFTE

Bl — (TAKASE, Kouichi)
AAKY: « BRI 20 - Ho
WIEE S 10297781

(2) W ge s

15 /K5, (SHIMIZU, Tomohiro)
RATE K5 « BT 280 « W
WIEE 5 : 80581165

(3) HHEMF I

W o (MAKTHARA, Katsunori)

A i RKE « KRB TR - HEHdz
WIEEF B 90553561



