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Abstract: The composite piezoelectric ceramics with periodical ferroelectric domains were prepared

by traditional composite technology, and the bulk ceramics with periodical ferroelectric domains were

produced by a periodically poling method. The thickness-shear resonance and frequency properties

of those two kinds of periodical ferroelectric domain ceramics were investigated. It is concluded that

periodical ferroelectric domain structure can effectively restrain the bad effect from longitudinal or

radical high order harmonious oscillation, and thickness shear resonance frequency can be increased

by the periodically poling method, therefore the piezoelectric ceramics with inductance characteristics

could be produced by the method of resonance and anti-resonance at some frequency region through

adjusting the size of periodical ferroelectric domain.
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2.1 L%2��?�.���
&|H	�+�6 ,g
s3PwSsY�/*V�x S{U�
D$U�\�s�gMk�,3PdV��x
V�x S{U�f5o!snQ6n℄�oh|�gM8%QV��,S{U�f�� [3]. \.3PdfV�x S{�F 1 /��SoÆ X�on℄�Æ Z �o�yk7s6�GD XY Q�3�{x: (F 1(b)), � XZ Q3�
�ox (F
1(c)). D� s6k7\�So3�^oR�Æ X�ofx S{�'fL$�oGÆ Z �o�9x 'QR' [4]. AD\.3PdfV�x S{U

�f�Z�*
>sGjn�8
s3P (F 2(a))fV�x S{U��F 2(b) /�

2.2 L%2��?�.��JN��b/*
s3P!b�'�=Æ�
�/75f PZT-5 
s3P�/* TF Analyzer 2000s`af1��1
qs`af (F 3), UFb*
�J6 Ec=1000V/mm.!N�8fjn>sG
s3P (A) !�V�Q 0.5mm f PZT-5 3PdÆMF 2(a) bf��AD/j5e�Hr (^s�) HND�r#D 140◦C\:℄ 3h ℄w�?f
Iys6
on℄
 [5,6] ℄�fjn>sG
s3P (B)!D PZT-5
s3P�℄wjnsn��XDsny�63Pn℄�oh
;D PZT-5�J6 Ec=1000V/mmfOD,s
�asG
mz?�F 2(a)/�fjn>sG�8�q���!F�F 4 /�
,3*Bn�>sG���f*M*B�9*��r*Djnn℄f
s3P!Qz?�C*hf{8U�*<2`R��:fjnG�8
�T�*Cp+Jz�+W�Q 2:1 fbN���D 100◦C \&9�� 20min [7], q��X<2`fFz�F 5 /��!�/jn>sGf
s3P�q�jnQ 0.34mm.

E 1 [-2O
eU�w�Rz
Fig. 1 Thickness-shear resonance of single piezoelectric ceramic plate

E 2 im�7=qF2OppU�w�RzT�
Fig. 2 Ceramics with periodical ferroelectric do-

mains and its thickness-shear vibration mode E 3 PZT-5 eq_`e
Fig. 3 Electric hysteresis loop of the PZT-5 ce-

ramics
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E 4 Hxq5�nm\	\�eim=qF�q2O� E
Fig. 4 Schematic illustration of the ceramics with

periodical ferroelectric domains prepared by the pe-

riodically poling method

E 5 ��WeF�7El
Fig. 5 Photo of periodical ferroelectric

domains

3 ���/�.) Agilent 4294A ei�X��{ei0?�0aT~P 0.7mm d PZT-5 �p1NbdT~v�QyS�s$ei�D 6 .��

E 6 0.7mm U PZT-5 ew�Rzt%fj
Fig. 6 Frequency dependence of impedance

| Z | for thickness-shear resonance of 0.7mm-thick

PZT-5 ceramicsSDa�X"0�� N5=fal(fa P�uQeK� l P1NbdT~) (aHoT~v�QyS�deK7$ N5=1075mHz, SDa�(�#H+0#qm
�mQyd*Q�"d%i��%&��W�0a?B (A) [ad�L�6hl<pE�p1NT~v�QyS�ds$ei ( D 7(a)) H
Cs ei (D 7(b)). SD 7 (�a_oT~v�Qy

d�uQeK fa=2167kHz, O4T~P 0.5mm d
PZT-5�p1NbdT~v�Qy�uQeK �Zd�SD 6HD 7(a)d��a(V�D 6a+0#qm
�mQy*Q�"%iE=d�%&��BD 7(a) a+0.)hl<pE�6�[AO
*Q�"d(8%i�OH.)�℄
�(
℄?��)yQyS�1�[�%&�dtA ��d [8]. "ySD 7(b) a(�a_o Cs XB fa=2167kHz V_A"X��� '1NB fa=2167kHz #
�_H'}�0a?B (b) [adhl<pE�p1NT~v�QyS�ds$ei (D 8 (a)) H Cs ei (D
8(b)).SD 8(a) (�a_oT~v�Qyd�uQeK fa=3232kHz, O4T~P 0.34mm d PZT-5 �p1NbdT~v�Qy�uQeK �Zd�SD 7(a) HD 8(a) a(�#_=
��[vH1dhl<pE�p1NT~v�Qy�uQeK�|4o�hlT~�p1Nbdv�Qy�uQeK �Zd�"y|(�-tj�[�%d&��SD 8(b) (�#_o Cs XB fa=3232kHz #
�℄V_"X�Y ��Xg��q�OH�Æ�p1Nd��E�6H�ml[��Ed�9+[��/X-; [9]. ℄(�~vd ?B�2�;}d%�K}(�.)Gwp4�ml[�?BtThlWq[�H�veKÆMZ�_H�-'}d�p1N�
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E 7  M�7im=qF�q2OeU�w�Rzt%I Cs fj
Fig. 7 Frequency dependence of impedance | Z | and serial capacitance Cs for thickness-shear resonance of the composite

piezoelectric ceramics with periodical ferroelectric domains

(a) Impedance | Z | curve; (b) Serial capacitance Cs curve

E 8 Hxq5�nm\	\�eim=qF�q2Ot%I Cs fj
Fig. 8 Frequency dependence of impedance | Z | and serial capacitance Cs for thickness-shear resonance of piezoelectric

ceramics with periodical ferroelectric domains made by the periodically poling method

(a) Impedance | Z | curve; (b) Serial capacitance Cs curve
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