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ABSTRACT As a ferroelectric material, BaTiO3 single crystal has the domain structure which
can be changed by the application of mechanical stress and electric field. Therefore, the fracture
behavior of the crystal is closely related with the domain switching. To understand the relationship
between the fracture behavior and the domain switching clearly, the change of the indentation cracks
and domain switching around the indentation under electric field perpendicular to the polarization
of the samples were investigated through in situ observations by a differential interference contrast
microscopy. The results show that for in–plane polarized sample, after completion of domain switching
under the in–plane electric field perpendicular to the polarization of the crystal, the indentation cracks
and the domains around the indentation are the same as the new indentation on the sample with new
polarization state. In the case of applying in–plane electric field on the anti–plane polarized sample,
the speed of the domain switching increases in the initial stage and decreases in the end stage, it
has the maximum value as half of the domain switching completed. And the speed fluctuates in the
first stage.
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.?@ (c @), ��A/0*0,)/1;1'7856
2363 90◦ ) 180◦ �B�, ;CB�323$ 90◦ 0
�) 180◦ 0�. 4;'4/07856<'4D, <05
3$ 90◦ 05, 5505=66/0=>$ 45◦; 4;'
4/07856<'74 (56'Æ), <053$ 180◦

05, 550574�66/0. 3$6/�&�/0�
�*0,1)/1A2363�8 [3−7], 7> BaTiO3

���0+4$?=.0�89'?. Vickers @@+8
*-)7!�&0+4$�/(9A, A/BB:>5C
BaTiO3 ��:4;-)

[8−14]. Busche ) Hsia[10] E
8, *@@9:D<�*BB05, ;;C05<=>�
*+8; 7856B6=0,56� 90◦ 0�;=0,
�Æ?2D<;+8�>E; C�?@78 (/0785
64D�<F@@) � BaTiO3 ��, @@+8A@@F
-3B.E0�A, ;.E0�A* 45◦ 56Æ'F, '
46E0�A���CB;+8*G<(2D3)>E.
Fang ) Yang[11] =$, C�@/78<F (78567
4�<F@@),*6E0�A�F5<HG**A0�A
)>0�A�F5<(2D3+8.E?@C+8�HG�
CI)@@F-�03FA/;DA�=B [8], ;C/
1;1'@@F-�0�)+8��8IE/�$CD
�-). ��6/�&FG*/1AJ;, .0+KG?
H*=/1)/0/?, 35, ;L.@@+8*/1'
��8KG*+3#5�. HEIJ; BaTiO3 ��*=

78564D�/1;1'+8�J8)@@F-�0
�; 5F, ��@@F-�0�=/1)@@0,1/?,
;$KK, HEICM/1'L?@@A.�0�:4;
-).

1 IJKL
BaTiO3 ��<F�LM$ 5 mm×5 mm×1 mm,

A 5 mm×5 mm (100) @H�=@< Vickers @@;$
NN@, @@MO$ 0.98 N, ÆO5P$ 20 s. 1G3
QH'PR (DIC) NN@@+8�@@HI, 1MFJ
N�NN<F�/03F (*MFJN�', >I/0S
3$>I�O�!2QP>I�K%). J 1a *RI78
567 [001] 56�@/78<FÆ�@@HI, J 1b
*.L@ (7 xz @) KQJ [8]. JA, O ) O′ <$@
@, @@'5/RESNH+8 (α=19◦), +87-SN
�� c 0 (78564D�<F@@) �B; A = A′ C
0, OAB(O′CA′D H O′EF ) A$ c 0A (β=16.3◦),
O′CE ) O′DF $ a 0 (785674�<F@@) A;
J 1b A OA <TUS3$@@HB5 OAB A. [001]
56 a 0B�$ [100] 56 c 0T@@�L8S3.

$;-) BaTiO3 ��@@+8)@@F-/0
*=7856'4D�/1'��8, > 3 C5MNU
/1: OP, C@/78<F (4J 2 A78567 [001]

O 1 BaTiO3 	
�
T����M��VQ
Fig.1 Surface morphology (a) and schematic cutaway view

(b) of indentation for BaTiO3 single crystal sample

in–plane polarized along [001] (loading 0.98 N, load-

ing time 20 s)

56) U4D�7856�@//1 (/15674�<
F@@, 4J 2 A7 [010] 56)E=500 V/mm, NN@
@F-/0)+8��8; .U, C@/78<F (4J
3a A78567 [001] 56) UIFVÆ�?@/1 (4
J 3a A7 [100] 56), NN@@F-/0)+8��8;
PT, C?@78<F (4J 3b A78567 [100] 5
6) UIFVÆ�@//1 (4J 4 A7 [001] 56), N
N@@F-/0)+8��8V<FQ��0�.

WR*FNW@�WXR/7$<FU@//1, *
SGO'X"NN<F@@�0�; 12YP� Cu X=
*<FÆ'@@$<FU?@/1, YP/1TC<F@
@�0�QR:4SX"NN.

2 IJTU
J 2 *78567 [001] �<FU [010] 56/1

E=500 V/mm T, @@0�A)@@+8��8. J 2a
) b 32*>U/15@@<<F� DIC JZ)MFJ
N�KS. J 2b AZT[*78567 [010] 56� a

0, ;CZT[��*UT<F>FVW78, Y<F>
*�0, *78567 [001] 56�V�/0 (KT[) P
=/XU�78567 [010] 56�/0 (ZT[), 7>
<FÆ�@@+8=\S�@@+8 (J 1a) /7>I,
;;=>U[HE7YV�Z[. J 2a A OBEC A.

�*@@LW, *G< a 0B�$ c 0��;, �� c 0
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Fig.2 The changes of the domain and cracks around an indentation after application of electric field E=

500 V/mm for 0 min (a, b), 10 min (c, d) and 50 min (e, f), the left column (a, c, e) corresponding to

differential interference contrast photos and the right column (b, d, f) to polarized light photos

O 3 ��	
] [001] �������	�
�� [100] 	
���� E=500 V/mm 50 min (
���) �\

�
���
Fig.3 Morphologies of the domain and cracks around an indentation before (a) and after (b) domain switching

under an electric field E=500 V/mm for 50 min along the direction [100] for the sample in–plane polarized

along [001] direction
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E/O�!,7>*JN�KSA>NN^^T� c0,*
G<\^�*]_<� a0. J 2c) d*U/1 10 min
T�QH. J 2d = b _�2>\^ZT[�], Y [010]
56 a 0`B, J 2c = a _�2>\^ OBEC AL8

S3�Æ, Y c 0�X, I5* F ) G 6<D3;a�

c 0, +8 OA ) OD ?/7``. J 2e ) f *U/1
50 min TQE<FVB0�T�JZ. J 2f ATZT[
b), UT<FAVWB�$ [010] 56� a 0, J 2e A
@@Æ5�+832>EY A′ ) D′ <, *@@'5c
D3;RTa�+8 OE′. OA′E′ A.�B; c 0A.
S@, @@+8)@@F-�/0=*5<F (7856
A�$ [010] 56) Æ?a@<�@@+8'`, Y@@
+8*=<F7856 ([010]) B 90◦±16.3◦ �56Æ
>E [10]; =^>�6T+8PHB c 0A.

J 3a ) b 32*78567 [001] �@/78<F
U [100] 56?@/1^T�@@HI. J 3a A OACB

A.$@@5HB� c 0; U/1 50 min T, <FVW
�B c 0, 55 OACB A.>d/@@L8Pe, =_
* F ) G <D3XB�@@W_, 4J 3b 7K.

CJ 3b AAa?@78T�<FdU7 [001] 56
�@//1 E=500 V/mm, <QE<Fb@@<� c 0

F`ZcB�$ a 0. U/1 2 min T<F@@8PR
Cda�b7T[, ca*aD3� a 0, 4J 4a 7K.
d5Pf`, ;C a 0[Z`�], 2a� a 0[c>0

8P, 4J 4b—h 7K. e,bc ('Cf%$ 20%) A
ÆO 75 min T, @@>FA.WS�$da� a 0, ;
+87- OAB ) ODE A.g@ÆO$ c 0, 4J 4i
7K. C�J 3a 7K�@/78<F, @<@@5, @@
0,1; OACB AA� a 0�B c 0, e<FFa6
U 90◦ 0�, ?ab^Xd�78Gh5, Y.7856
Fe [001]→[100]→[001] �8T, OACB A/�0,1

?IFbc, cg3[\GA.� c 0B�$ a 0. ?
0��>%\, Xd c 0A��dFa6U0�THG)
VÆcb^Xd�Gh, 25*;/g�bPfA c 0�

$ a 0, <#@hWQE<F�0�, 7>#iVe%f
`VF/1g/23iP;R0�. �J 4i 2>\8, *
OACB AAA�*XU�dab7T[, ca* a 0.
?-*U, 500 V/mm �/1AFCGA./U[ (gf
gGÆ).

A*0�ahAX"NN7i�KS (B�J 4 7
KKS) AK[]%`U�H)=7j5P�_]jk$
0�j%, hk2i0�j%=5P�?C, 4J 5 7K.

O 4 ������ (Q 3bk� [001] 	
���� E=500 V/mm �
���

Fig.4 Process of domain switching in the anti–polarized sample (Fig.3b) under electric field E=500 V/mm along

[010] direction for 2 min (a), 12 min (b), 15 min (c), 25 min (d), 30 min (e), 37 min (f), 45 min (g), 55 min

(h) and 75 min (i)
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Fig.5 Speed of the domain switching (v) vs loading time

of electric field

3 ^_
@/78 BaTiO3 ��<F� Vickers @@'5/

RSNH+8, SNH+8/S$ c 0 [8]. SNH+8l
� Hertz +8, c**UMiA�@@MOD3�l!0
,hW�+8. C�mmgVj6I!l!�, n@@M
O$ P (n,), <l!�/h?@@ (O) $ r � A <�

i6 (OA 56) l!0, σrr $
[15]

σrr =
P

2πr2
[(1 − 2ν) − 2(2 − ν)cos θ] (1)

MA, ν $�&� Poisson _, θ $MO56= OA �=

>. *@<@@�oj, @@>V5;S30,lV";
1, 455D3+8, <S@M (1) A@C3�M0,5
D3kH+8. ��imAANN^@@'5�SNH+
8 [8], 7>;RSNH+85n�@@i6+82D3,
?-*U, @@mi6+8�@@'523�*SNH+
8. SNH+8/S� c 0*oMahA��@@pp0
,hW�. oMT@@'5�0,2@K$ [16]

⎧⎪⎪⎨
⎪⎪⎩

σrr = B
r3 4[(5 − ν)cos2θ − (2 − ν)]

σθθ = − B
r3 2(1 − 2ν)cos2θ

B = 6
5π Y δV

(2)

MA, B $Go, 1�@`kS0,1�l%; δV $@@

��d; Y $�&� Young′s mU; σθθ $ A <*MO

56) OA HB�7@/4D� OA 56�0,. 2l,
*@@'5 (θ �Æ), *4D�<F@@56Æ/q0,,
*74�<F@@�56Æ/@0,, 2;6E0,M*
q;SN/S c 0HB�X3.

C�@/78<F, ?<F@@Æ\, =>$^>�
6T@@+87-�A.$ c 0A, c 0A/TS�@@

L8Pe; =>$p>�6T+87-�A.$ a 0A,
@@+8* c 0) a 0�35@ (J 1a). @@+86_

%>E5=>4D�<F@@, 2*7.Ln@, Y (113)
@ [10], 5@=@@>o> 71.57◦ 6 c 0Aor (J 2b
A+8<�mA, c*or�+8@HB�). ;f c 0�

HB?2>?M (2) ArRM�n+8a62i8. pR
E a, c 05< (J 1b A AB) ��0,�Æ2E/D3
+8.

�J 2 2l, o<FU [010] 56/1T, X/b7
56+8 OB ) OC `%=mV��8, *qD56Æ
5D3a�+8 OE′, 0�A?/'0��8. ]ibQ
�*, o<FU [010] 56/15, 2;`@7 [001] 56
� a 0�$`@7 [010] 56� a 0, ?2; c 0�$

a 0. ;E/1>3; a 0�$ c 0, ;�J 2e 2c,
OA′E′ A) G <A� a 0�$ c 0, ;=>*/1hW
�, 2*�@@0,1hW�. GAU [010] 56/1^
OBEC A$ c 0 (J 2a), U [010] 56/1T, qVS
3 c 0AB�B a 0 (J 2e). c 0B�B a 0T>r"

Æ [010] 56�`, 2_Ln@ (113) ?p�;56, *
4M (2) �@@0,1', W7a� (113) @D3+8,
HBa� c 0, 4I*a78Gh'�<FÆ?a@<�
@@+8RF, 4J 2e 7K.

J 3a *78567 [001] �@/78<FÆ�@
@, U 500 V/mm �?@/1 ([100] 56) 50 min T<
F�0�VB, YQE<F$ c 0, 55+87- c 0A

OACB >dL8, 4J 3b 7K. e<FQ��B c 05

QE@@5rÆ, ;@@F-XdAF* c 0�A.s�

drÆ, ;-'e�*`s�&AqsREtdue, 7
>QE<F>3`str2WSB�$ c 0, 4J 3b A
F ) G <t/XU a 0�*. *;R0,�rahA@
@+8?/7>E.

J 4 *J 3b A�<F*e,bcAU [001] 56
500 V/mm @//1T��;. J 5 *.0�j%dN
U/15P��8uv. ?J 5 2>\8, QE<F�0
�j%=>Mj, 25 min 5s^PV, @Twdwv, D
^0��u. ?J 4 2>\^, 25 min 50�VÆVB
Rm, Y<FA a 0) c 0jlRm (J 4d). ;*��
0[ax5, '40tP�*'<;1, sy�x)0[
b)j5tF�3U, 32j5]B�5P. Ya0Hu
)w0b)5, .j%u�Æ, 7>eaw0oU'e5
0�j%_�V. pF, ?xv0�^j%PV�ahA,
0�j%QPNv!�8, ;*�� a 0Hu5, .j%
�Æ, e0[`]5j%�V. wK;F�Lw, J 4b A
<FM*:4a a 0�Huah, 32.j%�v; 2J
4a ) c A<Fa0AFHB, M*`V, v.j%�V.
*;RiA, 0t�`B?5bwRj�3U, ?2;j
%�7Æ]?*Z`xÆ. 0�j%Nv!�8�X3_
�cz, I>*+3Dx, y4bcA7!b3e*>I
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0ÆxD�oU>IC0�?S/U[ [17], ;j5:R
c�-).

4 T_
(1) @/78<FU4D�7856�/1T, X/

@@�HI=a78Gh'a@<�@@HIRÆ, Y@
@HIf=78Gh/?, 2=78eym?.

(2) *e,bcAC?@78� BaTiO3 ��<F

U 500 V/mm �@//15, 0�*REyvah, 0�
j%P`VTxÆ, 0�VBRm5, j%PV, 2_0�
oviAj%QPNv!.
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