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ZnO ØØØ¯̄̄>>>bbb���000>>>ÌÌÌ*
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3 −160 ◦C—200 ◦C§Ý��S!0.1 Hz—0.1 MHz ªÇ��Sÿþ
 ZnO Ø¯>b�0>ªÌ, uy�±
æ^>�ÇÌ$ªà�a�6A55L�¬. Schottky ³^�>fÑ$L§, ¼�� Schottky ³^pÝ� 0.77 eV.

Äu���V Schottky ³^�., JÑ��3�6 Ø�, ³^pÝò��6 Ø�5O�. Äud³^�.O�

 ZnO Ø¯>bü¬.��6 Ø��, ?O�Ñ¬â²þº�� 6.8 µm, TnØ��ÏL×£>fw�ºä
¡ì¡¼��ÿþ�� �3 5%±S. ��æ^0>ÌØ��±¼�³^pÝ¢y>í5U�L�, �U¼�¬
âº�¢yw�(��L�.

'�c: ZnO Ø¯>b, 0>Ì, Schottky ³^, w�(�

PACS: 73.30.+y, 77.22.Gm

1 Ú ó

ZnO õ¬>bäk4Ù`É���55U, T
��55gu ZnO >b� “� - %” ª(�, =�
�z�¬â9¬âL¡ý�z�Ñ¦� [1−4]. ù
« “� - %” ª(��L
ý�õêõ¬>b��
Ä��(�A�, Xã0>~ê CCTO >b [5,6]!
p0>~ê - Ø¯ SrTiO3 >b [7,8] �, Ïd ZnO

Ø¯>b(��5U�m'é5�ïÄéuÙ¦
aq>bäk��/�¿Â.

ZnO Ø¯>b�÷*5UÌ��)�6 I-V

A5!�60>A59]�ÀÂA5. 8c, ù
n«÷*A5�ÿþÄ�þ´�pÕá�, XÏ
L I-V �¼�$|�6A5, ÏL0>Ì¼�
$|�6A5, ÏL 8/20 µs >6óÀ¼�r|]
�A5�. Ó�, (��ÿþ�)w�(�!:"
�(�9¬.>f(�n��g, ùnö�ÿþ�
´�pÕá�, Xw�(�  ³/×£>fw�

º (SEM) ä¡ì¡5¼�¬âº�, :"��ÿþ
Ì�´³/1Ì!�U?]�Ì!*Ñ�Ä�L
§¼��¹zU\±«©, ¬.>f(�Ì�´Ï
L C-V A55¼�³^pÝ!.¡��ÝÚ�Ì
ßÝ. 8c�ù«ïÄyGQØUòïáuÓ�«
(��ØÓ÷*5UÚ�å5, �ØUòØÓ�g
w�(��S3éXïáå5.

éu�pÃ'�ÿÁ, Ù¢�ÿþØ�J±?
1Ú�µ�, �Ø^JØ��È\�A, XÄkÏ
L I-V A5ÿþ³^pÝ, ,�2ò³^pÝÿþ
�^u¬.>f(�9:"�ßÝ�O� [2]. I-V

A5��3 30 ◦C—150 ◦C§Ý��Sÿþ, ¿�
â9>fu�Ån5O�³^pÝ [9,10]. �¢S
þ, T§Ý��S�>6Å�¿���´9>fu
�>6 (��©9©z [9]), �3À� ln j-E1/2

�þ�5Ü©��3���<�Ï�, ��³^
pÝ�ÿþØ���, $�ë³^pÝÿþ��.
´ ��´ ��J±µ�, u´ÏL³^pÝO
�Ñ�¬.>f(�Ú:"�ßÝ�Ø�Ò�J
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Cc5, 0>ÌEâ��
2��\�u
Ð, XÏL0>ÌL� ZnO Ø¯>b�:"�(
� [1,3,4]!¬.>f(� [2] �. 0>Ì´�«{
B!¯$!Ã��ÿÁÃã, Ù��ÿþ8I�Á
�3	��C>|�^e�÷*0>A5. du�
6A5��Ò�¹
�6A5, Á�÷*�0>A
5��Ò�N
ØÓ�gw�(��&E, Ïd=
ÏL0>Ìù�«¢�ÃãÒUÓ�ÿþ�«÷
*5U9��g�w�(�, ùòéu�\ïÄ(
� - 5U�m�'éC½j¢�nØÄ:.

�©òÏL0>Ì5L� ZnO Ø¯>b��
6A5, ¿�â(��5U�m�'é©Û ZnO Ø
¯>b�w�(�. �©�ó�ÃØéu�þ!(
�á��ïÄ, �´éuò0>Ì��Ê·zóä
?1�IOzïÄÑäk���Æ¿ÂÚ¢^
d�.

2 ¢ �

�âDÚ��>f>bó²�� ZnO Ø¯
> b Á �, = k ò Bi2O3, Sb2O3, Co2O3, Cr2O3,

MnCO3 �V\J� 0.5 mol%¿©·Ü, ,��Ì
� ZnO ·Ü¥� 20 h, ZH!Eâ�Ø�¤�¡G
).. ).3 1150 ◦C e�( 2 h, ²à¡����
7�� Au >4, �ª���»� 10 mm, þ 1.8 mm

�Á�.

Á��0>Ìæ^ Novolcontrol 0>Ì¤ÿ
þ, ÿÁ§Ý��� −160 ◦C—200 ◦C, z 10 ◦C ÿ
þ�gªÌ, ªÌ�ªÇ��� 0.1 Hz—0.1 MHz.

3 (J�?Ø

3.1 ZnO ØØØ¯̄̄>>>bbb¬¬¬...³³³^̂̂pppÝÝÝ���000>>>ÌÌÌ
LLL���

£ãü�0>µþL§�²;nØ´ Debye

�§, �Ä�Á���6>�Ç σdc, Debye �§�
±L«�

ε′ = ε∞ +
εs − ε∞
1 + ω2τ2

, (1)

ε′′ =
σdc

ε0ω
+

(εs − ε∞)ωτ

1 + ω2τ2
, (2)

ª¥, ε′, ε′′ ©O�L0>~ê�¢ÜÚJÜ, εs,

ε∞ ©L�L·�Ú1ªe��é0>~ê, ε0 �
ý�¥�0>~ê, ω ��ªÇ, τ �µþ�m. >
�Ç�0>~êJÜ�m�'X�

σ′ = ε0ωε′′. (3)

d (3) ª�±��>�Ç�äNL�ª

σ′ = σdc + ε0(εs − ε∞)
ω2τ

1 + ω2τ2

= σdc + gr, (4)

ª¥, σdc, gr ©O�L�6>�ÇÚµþL§Ú\
���>�Ç. $ª^�e, ωτ ¿ 1, u´k

σ′ ≈ σdc ∝ exp
(
− φ

kT

)
, (5)

ª¥, k �Å�[ù~ê, T �ýé§Ý, φ �¬
. Schottky ³^ [11]. éu©Ùª0>µþ, ¦+�
§�E,, ��ª�(J��§ (5) ��, Ïd�
§ (5) ·^u��0>µþL§.

ØÓ§ÝeÁ�>�Ç�ªÇ�Cz�X
ã 1 ¤«. lã 1 ¥�±wÑ, >�Ç¥y9¹z
�A�. �XÿÁ§Ý�,p, Á��>�ÇÅì
O�, >�Ç�Åì�pªà£Ä. $ªà, cÙ
´�ÿÁ§Ýpu 90 ◦C �, ÑyØ�ªÇCz�
²�«�, éAu�6>�Ç [11]. pªà, �ªÇ
�5O��«� (éê�Ie) éAua�>�Ç.

3 90 ◦C—200 ◦C§Ý��S, À^ 0.1 Hz ªÇ:
e�>�Ç±� lnσdc-1/T �, ¿O��6>�
Ç¹zU. äNO�L§Xã 2 ¤«, �6>�Ç
¹zU��� 0.77 eV. �6>�ÇÑy3p§$ª
à, d�Á�¥�3�þ�9¹z>Ö. du	�
>|�ªÇé$, ù
>ÖU���þ	|�Cz,

Ïdù
>Ö�Ñ$ØÛ�uÛÜ, ´0B��
Á�, �Ò´`?1�´0BÁ���6Ñ$ [11].

�6Ñ$Ì�É�u¬.?� Schottky ³^, Ïd
�6>�Ç�¹zUÒéAu Schottky ³^�p
Ý φ0. Tê��ÏL I-T A5ÿþ¼��³^p
Ý�ÎÜ, ��©z��� 0.7—0.8 eV �¬.³^
pÝ���.

3.2 ZnO ØØØ¯̄̄>>>bbb¬¬¬...³³³^̂̂���...

3Ø�Ä¬. Û��cJe, ¬.³^�Ä
��.����V Schottky ³^. XJÿþ0>Ì
�Ó�3Á�üà�\����6 Ø, K¬.>
fU?òu)ÆC, lK��³^pÝ�ÿþ.
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3	��6 Ø�^�c, �müý³^��é
¡, ³^pÝ�ûu¬.?,���Ý�.¡�U
? Ns, =.¡��¹S�^¦�³^pÝ�u.
¡�¥>f��pÓâ�U?�³^º�m�>
³U��, Xã 2(a) ¤«. 3	��6 Ø U ��,

du� ý³^«�>{��u� ý, u´	�
�6 ØÌ�üá3� ý, ù�� ý³^��
�Ú¤�U?ò�éu³^ºeü U0 (ü�¬.
þ��6 Øü). �Ä�.¡����Ý�,é

p, �Ù©Ù¿Ø´IO� δ ¼ê, 3�½��S
�3��, ���>f��ÝwÍ$u.¡�¥

���Ý. Ø����¹, b½²ï�e�¤�U
?pu.¡�¥% �, K�� ý��9¤�U
?�X	�>Ø�O��éu³^ºÅìeü�,

.¡�¥U?�p�>f�òÅì��>f±¦

.¡�¥�pÓâ��U?�¬âS�¤�U?
ªu��, Ly�³^pÝ�X	�>Ø�O��
5O�, Xã 2(b) ¤«.

ã 1 −160 ◦C—200 ◦C§Ý��S�>�ÇÌ (a) 9$ª�6>�Ç¹zU (b)� �� � � � � � � � � �� � �� � � � � �� � � � 	 �
 � 
 � � 
 � 
 �� �
ã 2 ¬. Schottky ³^�. (a)	� Ø U = 0; (b)	� Ø U 6= 0

3.3 ZnO ØØØ¯̄̄>>>bbb���www���(((���

�6 Øe³^pÝ�ÿþ� 3.1 �Ó, äN
(JXL 3 ¤«. lã 3 ��, ³^pÝ�	� 
Ø¥�5O�, �Ç� 0.00376 eV/V, =	��6 
ØzO� 1 V, ü� Schottky ³^þ��6 Øò
O� 0.00376 V, =k

H

d0
× K = 1, (6)

ª¥, H �Á�þÝ, d0�¬â²þº�, K� φ-U

���Ç. ò H = 1.8 mm, K = 0.00376 V �\
þª, �� d0 = 6.8 µm. Á�w�(�� SEM ì
¡Xã 4 ¤«. ¢�þ~~æ^ Mendelson ��{
ÿþ¬âº�, ¬âº��¢Sÿþ�� 6.5 µm,

¢���nØ��m� ��� 5%.

4 ( Ø

�©�â Debye �§, ÏL ZnO Ø¯>b�0
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ã 3 ³^pÝ��6 Ø�Cz

>Ì��>�ÇÌ, ¿@�>�ÇÌ$ªà�²
�«éA¬. Schottky ³^�>fÑ$L§, �
� Schottky ³ ^ � p Ý� 0.77 eV; Ä u � � �
V Schottky ³^�., @�éAu¬.>fÑ$
�³^pÝ�.¡�U?���º�>³U�,

T³^ò�X	�>Ø�ÅìO�O�; ÿþ

 ZnO Ø¯>b3 0—40 V �6 Øe�0>Ì,

uy³^pÝ�(�	�>Ø¥�5O�ª³, ?
O�Ñ¬âº�� 6.8 µm, ù�ÏL SEM ä¡
ì¡¼��¢�� 6.5 µm �~�C. �©�ïÄL
²���± �â0> ÌÓ�¼� ZnO Ø¯ >b�

� � � � � � � � �� � � � � � � � 	 
 �� � � �  � 	 � �� � � � � � �� � � � � � � � �� � � � � � �� � � � � � � � �
 � �
ã 4 Á�ä¡� SEM w�ì¡

�6A5Úw�(�. ��|cÏ�ïÄL²0>
Ì�¢y ZnO Ø¯>b:"�(�Ú¬.>f(
��L�, ù�, ��|®Ä�þïá
=ÏL0
>Ì¼� ZnO Ø¯>b�6A5!�6A5!w
�(�!:"�(�!¬.>f(���{NX,

Ïd0>Ì����«Ê·�IOzïÄ²�5
Ó�ïÄ>f>b���g(�ÚÌ��÷*>
í5U.
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Abstract

In this paper, the dielectric spectra of ZnO varistor ceramics are measured by Novocontrol wide band dielectric spectrometer

in a temperature range of −160 ◦C–200 ◦C and frequency range of 0.1 Hz–0.1 MHz. It is found that electron transportation can be

characterized by the flat region on a low frequency side of σ′-f curve. The Schottky barrier height is 0.77 eV obtained from σ′-f

curve, which is consistent very well with the data from I-V curves given in other literature. On the basis of back-to-back double

Schottky barrier model, Schottky barrier height corresponding to electron transportation across grainboundary is explained to be the

energy difference between interface state and barrier top. According to this explanation, Schottky barrier height will increase linearly

with the increase of DC voltage applied. The linear variation of barrier height with the increase of DC voltage applied is confirmed

experimentally. Finally, the theoretical value of averaged grain size is obtained to be 6.8 µm, which is almost identical to 6.5 µm

measured from SEM images. Therefore, the macroscopic electrical properties and the microstructure can be expressed at the same time

by dielectric spectra.

Keywords: ZnO varistor ceramics, dielectric spectra, Schottky barrier, microstructure

PACS: 73.30.+y, 77.22.Gm

* Project supported by the Scientific Research Plan Projects of Education Department of Shaanxi Province of China (Grant No. 12JK0434),

the Doctoral Scientific Research Foundation of Xi′an Polytechnic University, China (Grant No. BS0814) and the National Natural Science

Foundation of China (Grant Nos. 50977071, 50972118).

† E-mail: pfcheng@xpu.edu.cn

187302-5


