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Abstract: By means of ferroelectric differential hysteresis loop spectra, the polarization fatigue of

Ba0.99Sr0.01TiO3 ceramics was carefully studied. The effects of conductance, paraelectrics and pure

ferroelectrics could be definitely separated. The results show that the polarization fatigue arose from

180◦ domain appears much faster than that arose from 90◦ domain. Ferroelectric differential loop

spectra are proved to be a much more powerful method to describe polarization fatigue than traditional

hysteresis loop.
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2 �hq��h�
���V� Ba0.99Sr0.01TiO3(BST) (U S
�H\� φ16.6mm, G�# 1.0mm. k)?G�P4>G�� l=0.15mm. �?h� Au Y�pxY�1�?�k Au xYH\� φ2.0mm. �RxY9a�PU/"k4r&?�!>&?xe�:*s9k�`
:*{��>�	�`*+k�u~m,x} U(t), \!�a t k$K��5 1 E

t >0�~m,kH[ τ=20s,�;x}� Um=200V.8x}:p`��V��3;�Vkx3 I(t) �.�Æ pA &:N�\��� 0.1pA, ng�|JV#
1kΩ. � XY >�^4�:p�N I ! U $Kk2P�iNkn\"�>�xCP\
=Y:*d��V�T� 50Hz �;� 250V k6Ux}Y�#
30min; '26Ux}�;N<d> 0, ��V;s6YK
0>�P\k:*) t=0kK&�� U=0k6YKO&
5 1 k tn(n=1,2,3· · ·) k�aI �Du�ma�^ t0=0. )ma tn−1 < 1 ≤ tn � XY ^4��Nk�>�P\ks n 7
 ;��C�F/25/k
�3;&D�s n C (n+2) 7>�P\T�/;sGDk�b! n k-^)1l�GD
0R?�7z�s n=21 C 22 )7�Y���N
5 2(a) $N� zLk)7>�P\�x3 I ;) U = ±Um �NX-$�0�Nk)7>�P\WD�,�Dkn\


4 1 7_v|+o
Fig. 1 Waveform of applied voltage

4 2 BST 'Tj.v=�O[
Fig. 2 Differential hysteresis loop of BST ceramics�5 2 �DVqk~m,x} U �^kx3
I �D~ 2�


I = Iσ + IP + IF (1)\E Iσ �xek-Y�{5 2(a) tI\#�

Iσ ! U k$K ����:3:*uw
8x}/%^�xe�\rk
b�if;5k>�P\�t�U/^k Um, 2�TQNX�\rxe
5 2(a) ) U = Um � Iσ = Im=36nA. ℄�xV
Rm = Um/Im = 5.6 × 109Ω. :*�)�D{pk
Æ (1) k IP ��/xYK\rxz CP k-Y


IP = 4CPUm/τ (2)5 2$N IP=30nA, CP=0.75nF.�� 1kHz:ikT�xz� 0.490nF,T8$o��xYKxz-^
5 2(a)k�I\$N)7>�P\k (Iσ +IP).#�Æ (1) ifkS/xx3 IF ks n=21 7��5 2(c) kE\
��q�iS/x>�P\ks
22 7
$) IF <0 k�W?�0;�t�C
�if5 2(c) kt\�Cs 21 7kE\℄|b/;sGD
0?kxCP\:*xg�dO�V\rxV Rl k�`
5 2(a) &D Rl << Rm. 0�9q Rl�ke n �ks (2n±1) 7 I(t) � t Y�SV�
ifxA Q(U) n\��5 2(b), CEY�gk/�DP\�? [4−6]. M�<Nk��Wn\E Q I
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3 Z A B�l�.v=�O[Y8�BXJQ� 463k�tI�uz�O�V�Z t=0 Æ
�*uwK&	;s6YK
S/x>�P\	�'uhkL 
�
℄
n 7��Z�VR&?�W	>�&?k6xA Qk}&y�F� [7]

dQ/dt = IF = Q0g(U)dU/dt (3)\E Q0 �R&?�+W	kX�xA�*� g(U)�W	 dQ #t�$kB�8�K�0>� [7]. 5
2(c) ks n=21 7k g(U) ��t�) ��>�9C

g(U) =
A1√
2π∆1

e
−(

U−U1
√

2∆1

)2

+
A2√
2π∆2

e
−(

U−U2
√

2∆2

)2

(4)\E A1 + A2 =1. ^ Q1 = A1Q0, Q2 = A2Q0. ,










IF = I1e
−(

U−U1
√

2∆1

)2

+ I2e
−(

U−U2
√

2∆1

)2

(5)

Iα = 4UmQα√
2πτ∆α

; α = 1, 2
�$N










I1 = 0.192µA, ∆1 = 21.2, U1 = 15.0V
(6)

I2 = 0.104µA, ∆2 = 70.7, U2 = 37.5V5 2(c) k�I\$NÆ (5) �tNk) a
 α=1ka� 180◦ Jk-Y�1�a� 90◦ Jk-Y [8].
�$N (Q1, Q2)=(0.252, 0.461)µC. ^�xY?V� A, ,�Vk�C/xYKf�
Ps = Q0/2A = 11.4(µC/cm2) (7)�,
K��Q C#�℄������5

2(c) z�S/x>�P\\� I0, ��\� 2δ, C�Bx} U0. 
 IF E=NX� ��a� [7,8]

δ = 1.1774∆ (8)5 2(c) kt\CE\/;sGD�&D�V�R) &?kO&/}℄2
℄ n7$NR&?k
g(U), O n 7$N�&?k g(U). 
 Um �1z;� (Im, IP, I0, δ, U0) D��W/x�Vko;sk&49�

3 �de*b�|�%�0��� 1/2, �; Um = ±110V, H[ 2msk�,x}`��V
\EkYK=A�",�bY
N
)�" N Y
NH���k��:*>�P\�ifks9��5 3. 5/! N -^��Kkj�0;J 9�os?qV�N�
) N < 105 ��"9�ANXDV�K
 I0(N) C

U0(N) n\&DR�;F���) q�
s�q�NX) N = 106 ∼ 107, s�q�) N > 109. U0p|b/n�l9x}
)�5 2(b) �nkxCP\&4R���� Q I�tk/uzr�l9x}�,�/K�uzN�b U0 k:z���U/�uk
Æ (5) $N Qα ∝ Iα∆α. EY�� Ps &4R� [6]. 5 3 k Q0 E=�k I0 C δ �Æ,
℄�����k�^k I0. 5 3 &D� N = 6.39 × 109� I0 	de>p|xek Im, 5/	/K��/x
N`f
bW���\� 2δ $iF^��xCP\x�if/%ek Ps 0 Ps /���R�k _9�


4 3 Q�%38� �MX�j#J
Fig. 3 Dependence of characteristic parameters for

ferroelectric fatigue on reversal numbers�S/x>�P\k{�1�N&D�s�q�kR�K�� 180◦ J�[s α=1 �*�^k
) N < 109 ��s��*k (I2, U2, ∆2) F�$K
5 3 &D�) N = 109 �| 90◦ J�^s�q�R��!Pxe Im k�^�;�℄�k�xrk IPd�
)W9d��VEkAxtZ�8>Y�=K=�eB�*+�xYK��V���!
)R�;FE2htZ�8>Y��b) &?
�� Im -^� IP de
tZf℄�Vk)xY�|&?H��xJ=�y/g�
EY�?C�u?FÆ (interface scenario)[9]. u?FÆ�NX�) &?�	,w��R�k��9� [6].�?=�N,℄ n=21 7k>�P\
iN�VpxY�|&?W	6X�xA (℄���xY�|&?W	�X�xA) k77
}�NO n=22
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7k>�P\��iN℄2k Im C IP. b2�S/x9�9�/2���k�R&?W	�X�xA (�&?W	6X�xA) kkO�9e5 2, .��Vk�RxY7�/25/C/2(�
s9/z℄O n 7>�P\kS/x9�NXG^<(�( Im C IP n�/x9��NXVL/2
����D��(���Ru?�R��`k�&��

4 ~�t#�%)�uL k�NE�� L *${xA Q!�a t k$K}K�>��F����,) t=0�kK,f�	8kj�R� t >0 �k Q(t) ��;suz
) BST (U/x>�P\k:*E�
N /2�8Y�~�5 1 Ekx} U(t), *iK,f~� t=0 ��VQ�6YK&
b>�P\k:*s9C N ℄2
2F�?��uL kuz;�NkX
��F"�^Æg�
�,x}�$,�Vk&?O&��}&y�FÆ (3) Ek Q0 C
g(U) �! N �$
5 3 $Nk6�2F$Kk
�s9
 N D���"�^Æg�k9�
 N /2�Æ (3) $N/2k}&y�F

�M<N�) N /$� IF = dQ/dt MC9� n �2��) n /%e�s n Cs (n+2) 7>�P\6|�GD
2�t��Æ (3) Ek Q0 C
n �2
) n=1 �6YKK&�

Q0(n = 1) = APs (9)

n -^� Q0(n) Jglb 2APs ;
Æ (1) Ek�/xYK IP ���j�
�) n /%e� IP 6lbFz; [3]. 2�<YKg�#+Dk
 Q0 C IP !
n $KkX
���F"�^Æg�
\
5 1 k~m,x}`��VY:*���VEkYK=H[�
N,)Y
 n %^� g(U)�Q�$
0�Eo n=21C 22 k/%e�/%^k;
2� Q0 	p|Fzb g(U) A�DV$K


�e���"�^Æg���f n C N n�%$*
 Hilger *N,(vC�%$*3��NkS�yi ; [10], *�����E�y [11]. �ELB	�"�^Æg�
2Fi�y ;�[������I�ELBk"�^Æg�

5 w�nÆ�_+xCP\�>�P\��/x5/Vi'�^}Cuh
Z�)��/xR�E�kxe��/xYKCS/xYK9�k$K�Æ
2�M��(��) xYC�Vku?�R�k/2-Y
R���F"�^Æg�
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