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Improvement of elastic and piezoelectric response of ZnO nanorods grown in agueous
solution
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Arrayed ZnO free-standing nanorods are synthesized on a patterned substrate in
the precursor aqueous solution for potential piezoelectric applications. Mechanical and piezoelectric
proEe(ties of single hexagonal ZnO nanorod are investigated by unique nanoprobe-CL(cathodoluminescence)
techniques, which is based on a low-temperature SEM-CL nanospectroscope with an in-situ nanomanipulator
of a metal probe-electrode or a force sensor.

We have revealed that lateral growth sectors of a hexagonal ZnO nanorod has a higher residual carrier
concentration than the axial growth sector which can be a short circuit of the piezoelectric charges
degrading the output power and that the as-grown ZnO nanorod exhibits a high mechanical strength with
uniaxial fracture strain as high as 0.04 which is promising for nanoscale piezoelectronics. We have
succeeded to suppress the nanorod lateral growth and realized the direct growths of ZnO nanorods on Au
film, to improve the piezoelectric properties.

Zn0



B X C—19, F—19. Z2—19 (GtH)

1. BB EFIDE R

AR KA IR T oA G R & R B & 5
DR REE, JEBEMEHEK Zn0 0 B L
Jvay REBREER EICKE - K22 T
EAR Y VREARERTFIETHD,
IR E D In0 B ) /vy REE
BRTIGHL, BWEBENFEL EB T
I, OMMERAENKE <, QOEBENR
DEY HLEENE, BERDHD, D%
ik, OfSE XD 70, @QERN—FET
XY ) TIREMED, ZEAHEETH D,
TaITZNET, Zn0 BT/ vy REE
EOBEL - B TERIMIC = B X X 3 v LAk
T2 MEBRAOTEF X vy VBRIRREE)
ZBA%E Lo, ARFIETIX, Zn0(0001) Kbk k-
274 b L UR MEZEA L, BRI
KO LML Z SRR E L CHIBRARE
WP CRINIC o E X T2 v LkET D,
BT, WMEIE SEM 1 Y — RV I Ry B A
(CL) BEf Y@ IC | 7 — 7 &g &
/) v =FEa b —#&%&$i# L7~ Nanoprobe-CL
B ERE (K1) 2B L, 2tk
V. T HEESOEOBISIIEIIN - ) WG
BREL - B RS ESRGHI & . SEM-CL Bk
PR & DRE . ARTREE ol FT0.
Nanoprobe—CL BEf#/y Y25 % H W TZI I
VD Hi—J / H3ERET 24T 9 . Nanoprobe—CL
BERE L,

~ N
SEM

XYZ
Nano-
(18 Rods

1 J

1 Nanoprobe—CL BHf 4y 35 &

2. WEO B
AWFZE T, T oM A Bl 2 BE LT,
VIR Zn0 F 7 1 v ROEBISEHRE % H

R Y i

3. HRDOFE

BRI T X & v VIEBRREIEIC L D
Zn0 BirF /vy FESIREEIZOWT, E£E
JSE W ET DT, MEIE - BRRSRME (RITBE
TRV « BCRIRLEE IR - PR R &Y
A RSB - wWIN) O AR TS, E
To. ARFFETIE, Bi—F /vy RoIT) - &
e - FEEARERHE AN M EBIFE L. Zh
Z In0 F /v v REHEIZ W CHeEfRSH 2 15
7o

4. WFFERRE
2014 £
OZn0 EAR « 7/ v vy FOEEBEEF R

Zn0 JEt & AW EBEM R A2 1T,
Zn0 JEMR A B DEBINERE 55257z, — T,
n0 7/ vy RMLITEZRELNRN- T,
ZOFEAE LTUTORED - @% R LT,
(@Nanoprobe—CL & % V2, F / #EENE
DX ¥ VT RESH O EBFMEDOBRFE

Nanoprobe—CL #E & % HWTEE DT / #
EEBRR L, BRA A E—kIC I VS
Lzl L= gl 25 <. -/
WERD 2 v U 7 I oy Ai A Wil SEM-CL {4 &
LT L, 2o, R v U TIRE A E
BT FIEERIE LT,

RPEE RAR OB Zn0 7/ 7y R
WA LRER, /vy RN O TER K E
e (CL=95) AMlmpik (CL=3) 2250
FRE A AL L, 2D F v U TIRE (3
X 107em™® / 8X10%em™®) ZEEFGTH Z &
WZRE L7,

U EORER G, F vy ROMESE O
EREOARE)—KE X v ) TIREDORWHE
WA, mEES (SEFHEGD 12X D EEIS
BRIECTERE X v U 7S X DIEE B AR
DK &R0 Z N1, AR,

Nature Communications &8 (IF=11.47) i2#g



Wiz, GfEsEsmsc1])
(®Nanoprobe—CL & % FV 7=, BE— Zn0 F/

vy RORT - EReEFAAEN - & - N F
Xy v SR A OB R
Nanoprobe—-CL BE 4 YIE&E IS 1 oW

VAT AEEAL, ﬁ—hmf/mwam
77 - EEB A HTT21C Lz, F/my R
WIBIZ, BRIl DCa T Ly & v AHSRORE
e KMERFIEL, ZRbEEAE LT, 4%2L
o> 1 TR CRENT - AT D 2
W otz, £72. In0 N2 RF¥ v v 7Ol
JISEDFALC, EARUZLDERART vy
JVFO Zn0 b - KU 7 b O=IBBHNZ bk
BT,

UL EOFERIX, F 7 R — VR O R
ZFALT, EEBISEORE LA ATRETH
52 & aRET D AR, —itEs ACS Nano
2k (IF=12. 881) L_J%%zémto (Meskamsc[2])

R « BRAEGIZBI L TIE, 2016 423 A D
IS LS SRR S R Y T AIST,
Frell (P dE&(2]) AT 7o, 2016 4F
8 H® EMN Meeting (Berlin, Germany) C®
BrEEE (FarEll]) 2 TFELTWD,

2015 4R
@Zn0 BT/ vy FORIERE O
Zn0 HNZF /vy ROEBBR OIS
A YGET DX, EXEEEEZ D 5
VERH DN, OO F v U TREN
O LRI 2 R MER S D, ARIFFET
X, Fey FosRRBEZERD 52 LT,
AT AR OMHIZ S Lz,
®Au #RE/Si(111) AR E~DBEL Zn0 F
oy FOBERT B & %3 v VREEHT
Zn0 F /vy ROEBISEHRE - EEHT)
DA ED 7= Au #HEE/ST(111) B E~D A
N Zn0 F/ |y ROGEEA T B4 F 2y LRk
iz Lz, BiZ, =¥ %y
/vy FAMBEDO KL ZX 5720, Au
TR D VERISAT & fat L7z,

BLZEAAE I L DI Au i E TR
fr& L THWLHT, ER Rz Wiz

B OWHEREFHRHUIC & 2 I8 HE AR T <0
JJEERE TR TE D L s D,

5. ERERH/XE
(EEER-0 Gt2M)

[1] Kentaro Watanabe#*, Takahiro Nagata,

Seungjun Oh, Yutaka Wakayama, Takashi
Sekiguchi, Janos Volk, and Yoshiaki
Nakamura,

“Arbitrary cross—section
SEM-cathodoluminescence imaging of growth
sectors and local carrier concentrations
within micro—sampled semiconductor
nanorods”

Nature CommunicationsT, 10609-179 (2016).
DOT: 10. 1038/ncomms10609

[2] Kentaro Watanabe#*, Takahiro Nagata,

Yutaka Wakayama, Takashi Sekiguchi,

Robert Erdéryi, and Janos Volk
“Band-gap deformation potential and

elasticity limit of semiconductor

free—standing nanorods characterized in

situ by scanning electron

microscope—cathodoluminescence

nanospectroscopy’

ACS Nano 9, 2989-3001 (2015)

DOI: 10.1021/nn507159u

(FoRRKR) GreH)
[1] (Invited) Kentaro Watanabe

“Nanospectroscopic investigation of
individual free—standing semiconductor
nanocrystals”

Energy, Materials, & Nanotechnology (EMN)
Meeting on Smart & Multifunctional
Material, Berlin, Germany, (Aug 23-26
2016)

[2] (iBfeamiE) 1 RIS



[Nanoprobe—CL {EIZ & 2 -8 KT/ flidh o

BRI R AT

[2016 4EHZCH 63 [AD IS M2 ],

19p-S011-11, HAELZERY:, 2016 43 H

SREE S VRV T LS. 6 [RNA A=

7 H31 0 Hh < RS - T3 AR OB

DVAK ]

[3] P50 fEKER, HkF

MRIRR R Zn0 Bifdh T/ 2w R RO

AR FE R —DR Y IAZ LFE X v U

TR

Th A BR P2 BV SRR 2 7 AR EE S 2

[EFEE ], P-03, KIRKFEHZEE 2 —,

2015 49 A

(4] &0 fERER, KW H54, AL, B
0 RS, 74107 ¥/ va

MSERT ) DA VYOERRT v v - il
PEBRIR D & D35 B 5y SeaF Al )

[2015 4EHZCH 62 [AD IS M2 ],

12p-A20-1, AR, 2015 43 A

(6] D (KRR, 2 7K, KH HIL, A
W&, BN s, 7y vova

MR R IR Zn0 F 7 1 v RO R E— Rl
IZ XD N —REY (k)

[2014 4EFKZECH 75 DS ERE 2 ],

18p-A6-1, ALMFE R, 201449 A

[6] Kentaro Watanabe, Seungjun Oh, Janos

Volk, Takahiro Nagata, Yutaka Wakayama,
Takashi Sekiguchi

“Multi-directional ZnO nano—rod growth
visualized by SEM-CL technique”
Poster52, ‘The 10" International
Nanotechnology Conference on

Communication and Cooperation’

Gaithersburg, Maryland, USA, (May 2014)

(Zoft) —ikmiTeE - Bre

(1] ) fERHR

EERT ) DA PEEFAN Ry v
D% O L WA )

nano tech 2015, W E v 7 ¥ A k. 20154
1 A 28-30 H

(2] P50 HERRR

KT ) U A Y DN NInERRT
¥y b b P E - R

SAT 7 /vt ¥—+3 g —~—2Z 2015, P-16,
O TEBREFY. 2016421 H 21 H

6. BrFCAERR

(D) WF7eAREE

JEID fEAHES (WATANABE Kentaro)
PN N e 5 S
WoeEF: 40582078



