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Total control of the transition, dynamics and spatial configuration in nanoscale
domains of strongly correlated electron materials

Kanki, Teruo
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Research on next future electronics are actively conducted in strongly correlated
electron materials with orders of magnitude change in conductance by electronic phase transitions. In
this study, | have established the methodology for spatial control in Metal-Insulator domains randomly
generating, which are elements of the transition. Furthermore, | controlled the transition of individual
domains by apﬁlying current or voltage biases and succeeded in change of transport characteristics by
controlling the domain configuration.

This achievement will contribute to realize new functional devices with low power consumption such as
multi switching and memories.



B X C—19, F—19., Z—19 (GtaH)

1. WFZEBIA Y DY =

SRAERE T R L. mIRREECEBE
WA AR IR B Il SNy i Gk A UN. e 2 2 Y
HAMMENRELT 5, 2SR HERESE
X, EMBICHEEKLE “EFMHERE
(Mott #ixf8) NE&KER-oTWVD, T
FNF— (W - S - BE) 2k, BH
RKELSAZEB(L ST DR ERIA L, H ek
@R Y e AFY RS v F S
FA~OISARPFIN TV S (2011 FEEEE
PR e — R~y 7%, itk 7 b
0 =7 Ak T3 2D EERE L~ DB R
X, HiES b, R - KIBUENL A AR P 2
e E b R L CE 2, =L b
0 =7 AW TH RO T8 S
\ZNLo TFEICET R LTV D, — 5T, 58
BE TR EHE., BTOZEFEIC L v AE
NS “EEff OB NFTEL, &< MEE DR
HEFHENT ) A —ILTT v LMY
HELCWb, Zhik, minEESSERICE
W T b @ =R 2 FH R RS A 2 15 0 A R &
LTHNELTWAZ EERLTWVS, ZOM
B fRPT D72 010E, “FREBENELT 2
B/ NENLTH DT ) AL V7 I8V RA
v N CHGEIERSELZ ETH D, AiFZE
TiE, B+~ Er /A XEvnbiTng
EWHRAA L ER%E T 7 ADF ik
MR ZERI L, 2 D R AA K LEEEE
Wi BWENA T AN TES L9, &
FHHEIOMAELER, KOVETHERmOT /W)
PEDFEIIC X - TEZERGIE O 7= D O Wy B
INTGA—=BEFDTF 5, MUMNBICE DT/
B iR T8 E)) TZEMfdE ) o
k— & U HIEE 5 1 DO WEST & HT T2 T HEBE D 3
WEITH)ZEICE T, SBOEBBFHME - T
NA 2B ORBIZRKESHRTX S
Waesr—~ThodbLE X,

2. WHEOHM

F ) D F 7 BN LA OERIC L v |
TN, AP A R/ NELFTDHZLITL- T,
ffl = D EFEHOMEIENBH T D L HIZ
o T&ER, ZOMRO—ImE LT, —DD
HERIL, BRI —RAER 2k = 32
M/ EZRERT D FAAL L THhDH L
DR SN TWD, HHIRAIRIELZ, BIRIEAE
L7 RURZERERRLEA D RAA
OIS H S FTREIZ 7o X, /B HH R
AA v EEy N ETHIEFREE, EHEHES
ZHE L= E AR —% Y M, B L

Fa =7 Z~DORERNHT D, LLRBDL,

PER DR EHZ B 1T 5 BLRAZER E TIE.
fflx @ RAA L OEMEITHEE L, 2% T8
LU UGS Z ENTET, Ak
B HEER ORRKOFFEZ 5 & H s
STWRhole, £, B AL O
R - BlE & BRURERFME & Oxf SRR ITAR
72053 o TR,

AWIEO B, Bk —Lv 7 tr=7 &
B OX—L75laxDEBFHEAL D

ROBDNCHE R 2 Y T, 0B R &R IR
k¥ TdH o ik L (VO2) TOHF
JeaB L TH— FAAS 2 BECHET S
IZODEFZTHLD THEEE) T8RBE)) 22
PIBCTE ] 2 O S HIMEE T T 155 O fESL 21T
L& ThD,

3. WFEED Ik

WNILVA L —HP—FRIT g Bk,
VO, B AERI L, F /AT v MER
W SR AT IC K 0 T o 2 & R
L7z, BT e AagE, K OHE—
RA A O“FEERR”, “Bhiy», “ZEfRIEdE "D
AN LB 2R IE B X, ()~ 1 & A
DAL BTH AL L OH UIADE AR E
THEZODF ) A7) v hE—ILRER
DR L BT 7 A A 2 MO R,
() FERHEE ARG AR A > FER Y
H—IZ XD RAA HHEEBHE & Bt T
JUAREE, () B S o B
WA ET DMHNRT A —F DR E, K
R & ERRAC L DABEBDROBREND
DEFZ A F I 7 A FHVE DR 21T
9. BHFFEERBICE LZMEE - Ta ST A%
B L, EBRZ1T-72,

4. WFFERRE

VO X =RIEITH T, &R - i X
DEHIZ S MSEIE(LZRZTHEITH
(1), 4G (B BEX. LS 12koT
i EHlfEcE 2 Ehn, |EZL 7 b
0 =7 AT 72 A% < O
THEIZ L > TlhENTW5D,

MITHE S

10°F I ~
1= 27 2 )
10“* i

3 . §
10°} .

D e ]
107 §§§L~‘

320 330 340 350 360 370
Temperature (K)

B 1 VO, BRDIENDEEKEFE

INFET, BIHFEAAL L ORE - FHEEE
FPENT A0 EMYIEFTHI & Ex O R
A A VARERR & P T 5 B AR S E
BNZATON T E 2, M ORERZ %t
T BIZiE, RIRFICHEEIT O LERZH 5,
F 2T AR T, TiO2(001) AR Bl /ER L
72 VO BB WT, RAA VA A~ A
IR = RS EEFER L@,
NP TR EE A W TR TV X A AT
KA A OBRNTE, BB IR 2
DY TN EEEL ZEICEo>TEA DR A
A DOIRDE L ERSE RO [F R
DERGNATIR 2 D HEE EZHAL T2 (K 2
@), M2MITiZ, WEEHELEBIZEBR

Resistance (ohm)




AL IERT DR AR LT,

(b) =xa3 —K

sl
a
=

P
E
E

Al

H2 (QFRAUEHLEERIEEFEDRBMES R
TFLEIrTIT. OYEBRFAM U DERDETFEE
BUI- A EMEEE.

KA A P EORE RS A AT, &
JBRAA R, SR T X ML
B0, REHEZ KA A YA XTI Lz~
A7 a0 A Y —HEETE, RIS
L, TNHDRAA /@Eﬁﬂi ERAGE R
ERELELATHEETHD Z LN, [AFE
HIZ L - Thhrot,

(@) saga

electrode

A=

10° BER
§ 107 p— ~
S 10 \ |
% 10? *
8 LD i B ]
10*

290 300 310 320
Temperature (K)

294.4K 295.3K 299.8K 320.5K

G

Conductivity (Q" cm™)

00 02 04

PM

B3 (—RTEA(VET- LHNEEDHFEHEL
F=RZEMRBERFFAEL: 3 /X3 —U R A VEE
(ZRT &AL, —RTEH: FHh, —RTikF]: )
DESEERFEORERFE DEREFHOES
(Py) EBESIGEERLDBER. EREITNTIOER
HI#RETY.

4 3 (@23 T, —RIThlS L7 @J@ N A A
¥ DFEADHITNT T D B EFFE DI

DENEBTCHD, — KT KA AL VESNZE
Wi, BB EOEITICART 256 (EIHK
#&ﬁ)t$@ﬁ%%¢%ﬁ(ﬁﬂﬁﬁ%ﬁ
EMEBZ NG, BIRERICK T 548E
FHRAAL > OFAEICK LT, EXIEITEIL,
BE BRI x ICHEEIZEA LT
W<, DR LRy 7 Elpo TV Dk
KR AL DO&EBFEBICIG L T—HL L
WZH M SBABRHIES N > TWnDHZ &
DR TE D, —FH T, WIS TIX.
B DEE R A A 2 NEMmE 2 B 7B
IZ AR TEALDN K E WIRFIR OB N =
S TWN5, X3 MOIE, SEFBEMEUER & FAE
Loz BN EOLEE (Pu) ZRifHC
EWRALEE it T — 227y LTz
%@T%éoﬁﬁ@@PM&%“f%\F}

A VO E « IITHEIC X - TESUE R
KRESELSTWBZ ENGND,Pu & EXR
REE L ORfRIX, “RTEBRIZEB VT,

WA }\/i’»«:x L—3 g VEF I
ETXAH, N—alL— g rEFNE, RA
AV OEE - HCOREEZRETHNCED
~ 7 v IR T OMRENM: & B T & 5 B

Th b, BEXALERFHMIZI W TIE, Pu DB
ML LT, o(By) x (P —P)ICETZ LN
T& 5, PolIii iR & MET, FEIRiE
LRBINE (BB KAA DB TAH—
DNEMREZEE W TREE) OB SICBIT 54
B RAAL OEEER L, B ¢ 13
B OIREROIR D A oRT, IRIT
DY A b=z Lb—2 g BT LTI, FE
fEHTHIIZ, Pc=0.59. t=1.4 L RO HNTEY
AR GefR) 1T Pec 22 TovbD3FERR
. (FEH) SIRIETREBIC—FHLTWABZ LN
WRTE 5, bito 2,872 — (I HIHE
ﬁ Eﬁﬁ#%ﬁ)@ WIE B A A RN

BiF5BEXLERIL, om. a1 TN, &
EW M HOERBER LT 5 L, W
BHET IV 2 0, = 0Py + (1 — By ). 1HS
EHE TV Vos=Pwlom+(1-Pw/or. Tidih
ID TR R PLER O S A R C R
TX %, EREGRIL, FHIE, BEEmihir R
M.OER) FREOV—HAEL WD I ENSgn
5o

5.06 (a) 285K (c) 335K (d) 355K

(b) 305k

Work Function (eV)

B4 (@7 ILEVITHF—AIAIORT—T(KFM){E:
FENEREI. FENREARSDERT . N\ —DOF
SR —)LIE 100 nm. (b)KFM 0o RigL -2
DEIEP)EEREEEIOYN 2 RT/A—aLb—
LIV BRIEEETRT,



X 4(a), X OD)DTF / KA A 2 &R RIC
BWTHEBERBEHRZITo T2 & 2 AR
DT Fa U= EOFER E 5T FRSC®.
@, ®l,

ZZFET, BEALEBELC, AR NAA
v ORE - MR & BRIE R & OBIfRE
RCE722, BRI R A A ARERR & HIE
TAHZEE, =7 b= X GHIZHETT
EERZIETHD, WOFEERE LT, BN

R X DL OR R LT,

(a) (b) Au
Y: Ta;Os
Parylene-C

Y: Ta,05 218 nm

Parylene 100 nm
VO, 20nm

TiO,(001) substrate

VO, (001)

TiO, (001) substrate

100 nm

E5 (E#ESE Vo, EFvrILELT
Parylene/Ta,0, /\A L A ¥ —/7—MEZIEDER
MBI A(FET)DBIE SEM 2. (b)(a)lZxt
9% FET

EHMK%%%%%?/Vx&(NH)@
Wi&EE T, £, K@i, EEOT N
A ADWr SEM 8% /~r9, Z® FET % L
T/ — REBEZHML Y —X-F LA UHE#H
EMELEEZ A, ARR 25 0.2 % at
Va=10 V 7*% 0.6 % at Va=30 V OHHIE
TRk Lz (®6) Gax®l,

TACRITE /NS DA, AL, k.,
EHR CTEIE-HIFRIE B A A OFEER % H 15
T DM o TN TH A,

3
A

20F —_— 20F — ﬁ

0WE e= 2op f 6 ! WE = 1 i L

[1] S T N S e ok —

[1] 100 _200 300 400 500 0
e (seC

- [ ar 300 K (@) | ar30s K )

; ﬂfl

g 61.50 .‘L,m 44.60 -"-‘J'J’L_m/

g

§ 61.25 | 44.40

_ ,n"- — 107

SR U 4 10

N e e -.-"‘-.. ¥ 10k “ﬁ—hx‘ﬂm “
(T e s Y s S A lu‘;z? he NP S

= E

JE ) -
100 _200 300 400 500
Tame (sec)

'F a0k (©) 190F 443115 K | @

Resistance (Kohm)
-
%
T T
£ —'
PO
% &

..........

Va(V) Iollp

Formm 7 i: b
Obrd b= = s | by

100__ 200 300 400
Time (sec) Tame (sec

ImBEEE L
0 Bt q—l = = = 300 310
3] 100 200 300 400 3500

Tame (sec)

B 6 (a)(e) 300K, 305K, 310K, 315 K, 320K (25115
F—REEMMICEHEREROERIKEFLE. D7
—hEEENE (V=10 V~30 V) TOIERELER (A
R/R) DB EREME

320 330 340
Temperature (K)

JEBTHRAREOM T, &2<mED
7 DD E— MBI R EICAFIET D
ZLThDH, Bk L s b= AR
WZESTHEBERILEF, ZOAKIZEZGN
727 RV ARZEMEZMIZRIHT 50 Th 5,
@ﬁ@ﬁ%m%f4/®@$%ﬁﬁﬁb +

2 E AR OF LR HIEE T 2 i
4?6 ElE. R AL CRNCITFEAAER T
ET 500 2B FHAEOEREIZED
iﬁc:&oTW\éam>°ku\9+/ il
FET HREEO MBI L CHEmE 5 2.
BRI OO IEAPGFIND,

5. ERBRImIE
GEERm ) (RH9 1)

(D N. Nicola, L. Pellegrino, T. Kanki, S.
Yamasaki, H. Tanaka, A. S. Siri, D.
Marre, Programmable Mechanical
Resonances in MEMS by Localized Joule
Heataing of Phase Change Materials, #t&
FiA, Advanced Materials 25, 6430-6435

(2013).
@ S. Yamasaki, T. Kanki, N. Manca, L.
Pellegrino, D. Marre, Metal-insulator

transition in free-standing V0,/Ti0,
microstructures through low—power
Joule heating, &#ef, Applied Physics
Express 7, 023201(4) (2014).

® H. Takami, T. Kanki, H. Tanaka,
Multistep metal—-insulator transition
in VO, nanow1res on Al1,0,(0001)
substrates, Z @t A, Applied Physics
Letters 104, 23104(4) (2014).

@ K. Kawatani, T. Kanki, H. Tanaka,
Formation mechanism of a microscale
domain and effect on transport
properties in strained VO, thin films on

Ti0,(001), #LHiA, Physical Review B 90,
054203 (5) (2014).
® T. Wei, T. Kanki, K. Fujiwara, M.

Chikanari, H. Tanaka, Electric
field—induced transport modulation in
V0, FETs with high-k oxide/organic
parylene—C hybrid gate dielectric, #&
st A, Applied Physics Letters 108,
053503 (4) (2016).

® T. Sasaki, H. Ueda, T. Kanki, H. Tanaka,
Electrochemical gating — induced
reversible and drastic switching in VO,
nanowires, #rgef, Scientific Reports
5, 17080(7) (2015).

(@ A. Shon, T. Kanki, K. Sakai, H. Tanaka,
D.-W. Kim, Fractal Nature of Metallic
and Insulating Domain Configuration in
a VO2 Thin Film Revealed by Kelvin Probe
Force Microscopy, ##tH, Scientific
Reports b, 10417(7) (2015).

A. Shon, T. Kanki, H. Tanaka, D.-W. Kim,



Visualization of local phase transition
behaviors near dislocations in
epitaxial VO0,/Ti0, thin films, #FHiH,
Applied Physics Letters 107, 171603 (4)
(2015).

® N. Manca, T. Kanki, H. Tanaka, D. Marre,
L. Pellegrino, Influence of thermal
boundary conditions on the
current—driven resistive transition in
V02 microbridges, % #t A, Applied
Physics Letters 107, 143509 (2015)

(&) (G40 1h)

@® T. Kanki, H.
metal—insulator
characteristics in size— and aspect-—
controlled oxide thin films, 2013 EMN
meeting, 2013 4£ 10 H 22 H (AL, EH)

[HRFFaR ]

@ T. Kanki, H. Tanaka, Design of
electronic transport property through
electronic phase manipulation in
correlated electron materials, 3rd
International Conference on Nanotek &
Expo., 2013412 H 2 A (Las Vegas, US)

[FRFFaR ]

@ #E ML V0, /I —F AR
AT~V F = 3R L D &R - MRS
A, FARAFST S AT B AR
X BN T L DR B R R TR
EAFOTE) , 201447 A 14 B (KKR
T VENE, F) (R R )

@ T. Kanki, T. Sasaki, H. Tanaka,
Reversible and Memristive Modulation of
Transport Property in VO2 Nanowires by
an Electric Field via Air Nano—Gap,
TIUMRS International Conference in Asia
2014, 2014 4-8 H 28 A (f&[ K., &)

[HRFFa ]

® T. Kanki, Memristive metal-insulator
switches in correlated electron oxide
nanowires using electric field—induced
redox Treaction, 4th International
Conference on Nanotek & Expo., 2014 4

Design of
transition

Tanaka,

12 A 1 A (San Francisco, US) [#B%5:%
1]

® T, Kanki, H. Tanaka, Designing
Transport Characteristics by

Manipulating Metal-Insulator Domains
through Oxide Nanostructures, The 18th
SANKEN International Symposium, 2014
FI2A10H (T rarxyryast
A= KB [HERRERE]

@ i HER, £/ o — T HEESEE A
TR & 72 2 W PEERI, KBRS S/
VAR AV A= Rtk 4R L NN e R =y vl
7Ty N7 —LbtIF—, 20154 12
A 10 B CRBrRKRZ, KB [HEfwmEE]

T. Kanki, Electrochemical
gating—induced hydrogenation in oxide

nanowires at room temperature, EMN
meeting on Titanium Oxide, 2016 4 3 H
27 H (Honolulu, US) [4R4Fi#nH]

(£ Dfth)
http://www. sanken. osaka—u. ac. jp/labs/bi
s/

6. MR

(1) WFge s
ME B (KANKI Teruo)
KBRRY:  FEEFRVFOIERT  #EBE=
W78 2% 5 40448014

(2) WFge s
B

(3) 1 HERFIEH
B



