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Study of Tungsten Trioxide WO3 by Atomic Force Microscope (AFM)

Toshikazu HIROSE, Toshifumi NISHIURA , and Yasuaki KOORIYAMA

Abstract

WOj3 has the spontaneous polarization along the c-crystal axis. The cleavage plane of WOj is the c-plane. The
twin domain structures holding in common (110) axes of a WOj3 single crystal have been measured by Polarized
Light Microscope.  The twin angle on the c-plain have been measured by Atomic Force Microscope (AFM) at
room temperature. The twin angle 6 calculated from the lattice consatnts a and b is represented 6 = 2tan™'(§)
-90°,and 6 = 1.78° calculated from the ratio a/b=0.969. On the other hand, the twin angle # measured from

AFM is 1.48°, and the obtained ratio a/b=0.974.
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Table 1 WO3 ORI DGR, Z2MBE, HAMENTTHL T2

Temperature (<) -40 17 285 710
(°C) (=) -20 20~30 330 740
Crystal ststem  monoclinic(Il)  triclinic monoclinic(I) orthorhombic tetragonal (cubic)
Space group P. - C2 P1-C/ P2;/n-C3,  Pmnb-Di P4/nmm-Dj  (Pm3m-Oyp)
Z 4 8 8 8 2 1
Lattice constant a=5.28 a="1731 a=17.31 a=17.34 a=15.25
(A) b=5.16 b=17.52 b="1754 b=1757
c=17.67 c=17.68 c=17.69 c=1.75 c=3.92
a=888"

3=91.7° £3=909° 3=909°
4=909"°




Toshikazu HiroSE, Toshifumi NisHIURA and Yasuaki KOORIYAMA

Table 2 WO; D& KA & SAHEEBIREICBITA Y 7 b7 5/ L OdifEE— 1,

(°C) -40 17 285 710
— -20 20~30 330 740
Monoclinic(IT) } Triclinic ‘ Monoclinic(I) Orthorhombic Tetragonal (Cubic)
| | |
I's R R3; (MgY)? My
(X5) R3; My 3(X3)Y
(X3) 155 155

WO; OB, B 2(b) IZRTEHIC ¢
AT (110) il 2 347 L 72 AU o i 12 %2 %
ML (110) THH, M 2(b) IZ/RT &9 12,
Bl Lo BRI T a il & b dilATscHR S 90
CHIDNE S TWhb,

(a)

2 WO; ODNEREE ERICIEMIRE R

WO;3 DEIRIZBIT AT ERIE, £1LITRT
E912a=731A0=754ALE5>TVBEDTR
SR 90° 20 S TS 0 F o,
TITRT LIRSS 013

9:2tan_1(%)—90° (1)
THEbED,
7
Q
Iy
e
b
o}
a

(b)

X 2: (@) WOz D ¢ HIND AL 0, (b) (110) AU, () WO3 O RS2




Toshikazu HirosE, Toshifumi NisHIURA and Yasuaki KOORIYAMA

KB OB EIRITRIE n* =n-ik TEDLEN DL, n
FIBITRT, kIEHERETH 2, B AGE
L 72 O dRME B r (X
n—ik—1
ikt 1 2)
THz26Nb, TAVF—FERRIZ

(n—1)> + k2

R=|r|’=—F——,
(n+1)" +k?

THzZbN5b,

(a)

(©)

WO; OJEITHIE 23°CHEBKE T, n, = 2.703,
ny = 2.376. n. = 2.283, VD = 2454
LPESNTWA [1]o 2Ty cHNT a B
R n, & b WORRITE ny ITEDVFDHLDT,
(i BB 555 O A AR % 38 - 72 BUSF i\ B RE 2° C
X 7. (i ciii#ss (Nikon LABOPHOT-POL) T
o 72 WO5 O ¢ NG HEO Bl %[ 3 12777
R EE (110) ThH D, B2 (b) IZRT LI,
W1 > BUEh5rI8 T a #il & b ElASZEHR S 41 90
*HIAE S TV,

[ 3: WO Ol LBIMEEE 2. BLghiiE (110) TH %,



Toshikazu HirosE, Toshifumi NisHIURA and Yasuaki KOORIYAMA

3

RFEDERSE (AFM) DRE

JEF- A HEE (AFM) 3R T CHT- L
NVOGEREE AT HEBBETH ) A
DRGHTARD A7 & F R S % EAF 512 H
ETELEVCIFEPDH L, BIHERE L TR
BT TR BT % EOMERY O
BBICOAMTH L. I7ZMEDBIERRE
THiMEE (SEM) o XH12, €BRELELRED
AL 2 LB L L v, TP TOHETSE
LWV FIRiNH b, AFMOEMEEIIZ, 7
¥ FLoN—= EIHEN B B 2 PRET & R T
B R RSB E510) 2R L,

FONN—EIZ b L) IR EREZERL, %
HMMNMEHEHET LI DTHD, ik, &
YFUN—DEMTHMT 5, B FLN-F
ML —HF—%2ME L, KFHEx 4 5807 +
NFA T IICA SR, BOENEE L TH
e 2, METEE LTRRNHEBTHET S
Ay yE—FNEGINEETEMET S, v Oy
57— NO2HELNDH L, BiEIXEEMFE %
EOMVEHEHIE L, %EIIES TR 4K
KB ERZSPVRBOBBRICAMTH S, K
TS (AFM) 25EOBBEX % X 4 12
R

S,

N FL—

T A

ZHhY— AR 2T A ayta—4

PZTA X v F—

zifz2 o fhao—L

X, Yfh=a ho—L

JRaH g

B4 4: S-S (AFM) 2B OB



Toshikazu Hirosg, Toshifumi NisHIURA and Yasuaki KOORIYAMA

B ENDH v FLAN—DEMII, (EHT SN
B—EI b LI \74—FN77’;U%
VINEORIELYET (EET VT —
yH#F) Oz lhE LTéﬁé%% & e L
TRDFE T, FBFIZ oy D ELVHEL &
Ax v v ABEEELXMEL T, 32—
¥ T3RTEOEKMMGEMS I T,

4 WO; DAFMEE

o] 2Bk |2 L 725 DS (AFM)
fEti Et‘d%k%itfﬂk Lt o 7 — 2% &

172 Digital Instruments #1#¢ NanoScope 11 7
HR 70— 7THEMFE S AT L (MMAFM-K) T
5

W03 O c HOAFMEGEZ 5, X6 I125R
To X 5(0), K 6(b) DRVER EOT—5%Z T
Va—yEL, EEOMME 77 7{LLcd
D% 5(c), 4 6(c) 123 F . [ 5b), X 6(b) (TEH
EroomgTHhy, FT-HHEESE (AFM)
HEDT — ¥ WEOBET ML, Y — /=D
FILE % 5#4% L SELECT DIRECTORY 7°5 i &
7wt L7 b RS,

nm

50.0

AL, 3RV HEFOIL Fa—IVEFFH,
3IRTEOERMEDEREGA T T #F LT £
EChk [14], [15], [16] # B L TW/z72& 72w

& 5(c), [ 6(c) 1&. ¥ — )V N—O ANALYZE 7»
%SHﬁDN%%KL?#ZTMﬁM@NMW
WA AT <o MEELZMAIZIEY =N =D
DRAW %27V v 7 L, ¥— ﬁ~%§mé%ww
HO2 AR ZOMFAEN L, SASNL
FEE AU A A IE T o X 5(a), A 6(a) XA
FMEEOTF—4 42 ¥a—FMBLT, £
HONMYOMT % 75 7EREIELZHDTH S,

X 5(a), M 6(a) 1Z=KTE7HY M THY, #1E
FELE 1, [ 5b), [ 6(b) DW{%ET, VIEW 205

SURFACE PLOT % j#4R L~ 7 A CHjf O %
Db,




Toshikazu HirosE, Toshifumi NisHIURA and Yasuaki KOORIYAMA

(b)

6=1.53°

nm

25.0

SR AR
ik

ﬂ\ﬁ v

-25.0 . .
0.0 10.0 20.0 um

(c)

[ 5: WO3 OBfEE (AFM) B2 & RS 60



Toshikazu Hirosg, Toshifumi NisHIURA and Yasuaki KOORIYAMA

nm

50.01

0.0 +

-50.0-
0.0

(b)

nm 6=1.42°

25.0
‘ 1.21°

] 600 ] 57° \ \ 1 030 ] 36°.
: 15771 1. 54%

ATV

"25.() T T
0.0 10.0 20.0 30.0 um

[ 6: WO3 OBfMEE (AFM) G2 & B 0



Toshikazu HIROSE, Toshifumi NisHIURA and Yasuaki KOORIYAMA

WO 3

(0%

4 7: K& FE 8o HEHE L 72 BUs 4 0

A 5

5

B e B bt sz ] & ARM il
MoROONIMGM L ERIET S, KT7IR
T LT B E WAL 0 = 2tan 1 (§) -
9 DA HY, 0 =178 L%b, AFM {ll
EN S RO ONFBEAII S, BI6 I2RT &
21537 1.42° TH YL T148 Th b,
BT EHD SR S NS & 13 16.9%:E
Wb, HTEHa & bDIa/bld 0969 Th
D, —5 ARMIED 53K 5 bt 0974 TH
%

SZ Xk

a = tan

monoclinic I phase
&1 EE
a=r131 A

b=175A
c =769 A

B = 90.9°
at room temp.

SR

14 _ o0
b 90

1. 78°

6 HE

AFM (2 & %5 2 OERRIE, FEIRE K g3t [H
by — DR E SN R T o 7285, BOn ik
FAZHIE - 387272072 2 L 272w LS
72LFET, IR HEMELFH ST TV
WARBLL BRI 2 L 9,

[1] Ferro- and Antiferroelectric Substances, in Landolt-Bornstein New Series, ed. K. -H. Hellwege (Springer-

Verlag, Berlin, 1969) Vol.3, p.88.

[2] P. K. Biswas, N. C. Pramanik, M. K. Mahapatra, D. Ganguli and J. Livage: Materials Letters, 57, 4429

(2003).

[3] A. A. Tomchenko, V. V. Khatko and I. L. Emelianov: Sensors and Actuators, B46, 8 (1998).



10 Toshikazu Hirosg, Toshifumi NisHiURA and Yasuaki KOORIYAMA

[4] V. Guidi, M. A. Butturi, M.C. Carotta, S. Galliera, A. Giberti, C. Malagu and B. Vendemiati: Sensors and
Actuators, B100, 277 (2004).

[5] Y. Xu, S. Carison and R. Norresam: J. Solid State Chem., 132, 123 (1997).
[6] J. F. Scott and J. P. Remeika: Phys. Rev. B1, 112, 4182 (1970).
[7]1 J. E. Scott: Rev. Mod. Phys., 46, 83 (1974).
[8] M. Kawaminami and T. Hirose: J. Phys. Soc. Jpn., 46, 864 (1979).
[9] T. Hirose: J. Phys. Soc. Jpn., 49, 562 (1980).
[10] K. Furukawa and T. Hirose: J. Phys. Soc. Jpn., 55, 4137 (1986).
[11] T. Hirose and M. Kawaminami: J. Phys. Soc. Jpn., 50, 843 (1981).
[12] T. Hirose and K. Furukawa: phys. stat. sol. (a) 203, 608 (2006).

[13] A. G. Souza Filho, J. Mendes Filho, V. N. Freire, A. P. Ayala, J. M. Sasaki, P. T. C. Freire, J. F. Juliao and
U. U. Gomes: J. Raman Spectrosc., 32, 695 (2001).

[14] NanoScope III Contact AFM # XL —> a » A4 F (W77 =7) .
[15] MW= BEAE#E 2 7,No.8, 531 (1992).

[16] JIK %, - boka]. deHEm, JURRESC | FARYH 2 9, No.2, 139 (1994).



