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�©ïÄ
3ý�!�íÚ�í¥�(���n« CaCu3Ti4O12 >bá��0>A5. �6{|ÿþ(J
L²3 10—300 K §Ý��, n«�¬�0>§Ì¥þÑyn�²�, Ù>{¢ÜÚ>NJÜ3�A§ÝÑy
�Ñ¸, ý�^��(��¬äk�p�0>²�Ú�²w�>{¢Ü�>NJÜ¸�, L²�¹þÚ�� 
é CaCu3Ti4O12 �0>5�äk�K�, 0>§ÌÑy�n�²�©Ou¬â!¬.9�� �². §Ì©Û
L²¬â�-¹U��(í¨k��'X, �� Úå�>fá§a�9a��)�4zf´¬â>�Ú>N�
Ì�å. �� �²�-¹UÄ���(í¨Ã', �� 0.46 eV. �� é16f��²�^´ CaCu3Ti4O12 $
ªp0>~ê��å.

'�c: CaCu3Ti4O12, ã0>~ê, �� , �²�

PACS: 77.22.−d, 78.20.Ci

1 Ú ó

�X�>fó�Ú>fì��p5UzÚº
��.z���uÐ, p0>á��ïÄ��5�
É�À. �c&¢!ïÄp0>á�Ì�3ü�
¡?1, �´|^0��þ!4z. �0�äk�
kó4Ý¿�3gu4z�,  ¬äkp0>~
ê, Ì�8¥3c>N½öµþ.c>Nþ. �d
uÙ¬N(�Ú>Æ5��6u�CØp:, Ïd
3¢SA^¥, ùaá��¦^§ÝI�Ä, ¿�
�¸§ÝCz�, ��>fì�ó�½5��.
1�«g´K´|^0���S�4zÏ�, =Ì
�´|^.¡4zÚº��A�)p0>~ê. 3
ùap0>á�¥, CaCu3Ti4O12(CCTO) >b�ä
�L5 [1−6]. CCTO äk�`:Ì�k: 1) ØØ´
ü¬�´õ¬, CCTO ÑäkÉ~p�0>~ê, ¿
§0>~ê��Ñ3 10000 ±þ, ´�«ÃY!�
�ã0>á�; 2) 0>5U'�½. 0>~ê3
é°�§Ý��, 100—400 K Ú�°�¦^ªÇ,

100 Hz —1 MHz,½3 104 þ?, 0>~êÄ�Ø
�§ÝÚªÇCz; 3) ã0>á��g�(=�¼
�, ØI�p§!��í¨�õ^�!õóS��
Y?n. du±þ`:, CCTO ¤��cp0>5
U>0�ïÄ���9:. ,k' CCTO p0>
~ê�å¯K���3�Æ. �©©O3ý�!
�í!�ín«í¨^�e��
 CCTO >b�
¬, XÚïÄ
§��{|!0>§Ì, uy�¹
þé CCTO �0>~êÚ0>L§äk�K�,
�� é16f��²�^´ CCTO $ªp0>
~ê��å.

2 ¢��{

U z Æ J þ ' CaCu3Ti4O12 ¡ � �
� CaCO3!CuO Ú TiO2, æ^DÚ���A{�
� CCTO �¬. ²ngï�þ!, ,�?1ngØ
¡. ���gØ¡ò�¬3 20 MPa eØ¤�»
� 10 mm, þÝ 1.1 mm �m��¡. ��éØ¡?
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1ng�(, =ügý�!�g�ª�(. 1�g
ý�§Ý� 900 ◦C, �§ 10 h, 8�´Ø�Y©Ú
�u5,�, ¦��ÐÚ�A/¤�MN. 1�g
ý�§Ý� 1000 ◦C, �§ 12 h, ±¦/¤Ì¬�.
�ª�(§Ý� 1100 ◦C, �(�m� 12 h. �
ï
Ä�¹þéá�0>5��K�,·�©Oò�¬
3ý�!�íÚ�í^�e?1�(, ±��¹�
þØÓ��¬.

� ¢ � ¥, ·� æ ^ F � ) � � D/Max-3C
. X ��û�¤ (Å� λ � 1.5406 × 10−10 m),
ÏL®"û��{5(½�¬�¬N(�, ×£�
Ç� 2 ◦/min, ×£�� 10◦—80◦. CCTO >b®"
�¬� X ��û�ÌXã 1 ¤«, ã 1(a), (b), (c)
©O�ý�!�í!�í^�e�(��¬�û
�ãÌ. dã 1 �, 3ØÓí¨^�e�(��¬

�û�¸� �Ä��Ó, ¤ØÓ��´¸�rÝ.
�IOk¡'�,·��Ñ3ý�!�í!�ín
«^��(��¬þ�X�.

¦ ^ Hitachi S-5750 . × £ > f w�º
é CCTO �L¡/m?1*	©Û. lã 2, ã 3
Úã 4 �±wÑ, 3ý�¥�(��¬ (ã 2), ¬â
��©Ù4�Øþ!. 3���¬â (∼ 80 µm)
m Y ¥ © Ù X � � � ¬ â (∼ 5 µm),  3 �
í (ã 3) 9�í (ã 4) ¥�(��¬��©Ù
�þ! (∼ 5 µm). ¦+3�í9�í¥�(��¬
����C, üö�/m%kX���«O. 3�
í¥�(��¬�¬â¥ “¥” /, 3�í¥�
(��¬�¬âK¥ “õ¡N” /, �±wÑ3�
í¥�(��¬L¡ “c�” âÑ, ���1w.

ã 1 CCTO >b�¬� XRD û�ãÌ (a), (b), (c) ©O�3ý�!�íÚ�í¥�(��¬�û�ãÌ

� � � � � � � � �� � � � � �
ã 2 ý�¥�( CCTO �îä¡/mã (a) 100 µm ©EÇe�/mã; (b) 10 µm ©EÇe�/mã
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� � � � � � � � �� � � � � �
ã 3 �í¥�(� CCTO �îä¡/mã (a) 100 µm ©EÇe�/mã; (b) 10 µm ©EÇe�/mã

� � � � � � � � �� � � � � �
ã 4 �í¥�(� CCTO �îä¡/mã (a) 100 µm ©EÇe�/mã; (b) 10 µm ©EÇe�/mã

3 (J�?Ø

Xã 5 ¤«, ·�ÿþ
ØÓí¨^�e�
(��¬�>N�§Ý�Cz� (�¬þÝÄ
���). �±wÑ�í�¹þé>Nk���K
�. ·�@�, �¹þéá��0>5�K�kü
�¡. �´K�¬â��, �´K�.¡�>Æ5
�. �¹þé¬â���K��±d SEM /mã
��wÑ. 3ý�^�e�(��¬¬âº�'
�©Ñ, 3�¬â (∼ 80µm) �m�3�
��¬
â (∼ 5 µm). �í9�í¥�(��¬¬â�
�þ!, ���C 5 µm, �ý�¥�(��¬�²
þ¬â�'�í9�í¥�(��. du¬â��,
�>4²¡²1�²þ¬.�êò~�, >NO�.
�ý�^�e�(� CCTO >N�, ù�¢�(J
��. ,��¡, �¹þé¬.�>Æ5�k�
K�. ØÓ�¹þéAØÓ�lf�²�Ý, �²
lfé16fäk�Ï�^, ��u�fºÝ�>
N¿>, ��²��Ý��, 0��>NÇ��. 3
ý�^��(� CCTO �¬, du3.¡?���
 ßÝ�, �²���Ý��, �>N�� [7,8]. ù

�ã 5 �¢�(J��, 3�©¥·�édk?�
Ú©Û.
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ã 5 ØÓí¨�(��¬�>N�§Ý�Cz'X

�ïÄ CCTO �0>åÚ9-¹A5,·�
éØÓí¨^�e�(�¬�0>§Ì?1
ÿ
þ. ý�!�í¥�(�¬�0>§Ì(�aq,
Xã 6(ý��()!ã 7(�í�() ¤«, n«ØÓ
�¬ØÓÿþªÇe�0>§ÌK©O�uã 8—
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10 ¥. lã 6 ¥�±w�3¿§±e, ý��(�
¬0>§Ì¥*	�n�²w�¸. duÉ¢�¿
^���,·�8cÃ{ÿþp§^�e�0>§
Ì, Ïdéu�p§Ý�0>9-¹Ú��U?�
²,��0>�z�ïÄÿØU?1. ã 6 ¥, {
|¢ÜÚ>NJÜ�§ÝÑyõ�0>�Ñ¸, Ò
¿�X CCTO �3õ�>5�þ!«�. 3 CCTO
¥, ��·�òÙ0>å©�¬â!¬.9>4
�>.¡nÜ©, 8cÆâ.ÊH@� CCTO 0
>§Ì¥����Ñ¸éA���þ!«�, =@
�$§¸5gu¬â, ¥§¸5gu¬., p§¸
5gu>4��¬�>.¡. éu¬â¸ a, �±
^ RC ¿é>´ü���, òØÓÿþªÇe¤�
¸�§Ý^ Arrhenius ½Æ?1[Ü, ��ã 11. l
ã 11 �[Ü(J�±wÑ, 3�í¥�(��¬
� Arrhenius 9-¹½ÆÎÜ�Ð, 3�í9ý
�¥�(��¬$ªÜ©¿Ø÷v Arrhenius ½Æ.
L² Arrhenius ½Æ� l��(í¨¥��¹þ
k', �¹þ��, �¬¥�"��õ, �K� 
l Arrhenius ½Æ. Ü[�ÏLé$§�6>�?
1[Üuy, CCTO �¬â3$§e�3C§a�
>� (VRH)[9,10], =

σdc = σ1 exp
(
−

(T0

T

)1/4)
,

Ù¥ T0 = 24/[πκBN(EF)ξ3]. �� CCTO ¥>
� (½>{) �§Ý¿Ø÷v Arrhenius ½Æ, ù
�·� ã 10 ¥ $§eý� Ú � í ^ � � ( �
¬ ln(ω) � 1/T � l�ÎÜ. lþª��±w
Ñ, a�>��-¹U�§Ý�CzCz. C§
a�>�Ì�u>f3 Ti3+ � Ti4+ �m�a
�, du Ti3+ � Ti4+ �»ØÓ, ¤±>f3a��
Ó�ò¦¬�u)ÆC, �)4zfÆC. 3>|

��^e, 4zfòl�� Ti3+—O—Ti4+ �,�
� Ti3+—O—Ti4+, l�)4zf>�Ú4z>
N, Ïd CCTO ¬â>NÌ�u¬â¥du��
 �3¤���4zf. w,, 3ØÓí¨^�e
�(��¬��� �õ�kX����É, ý�
¥�(��¬��� �õ, �í¥�(��¬�
�� Ùg, �í¥�(��¬��� ��.
�� �õ, KC§a�>��²w, �í¥�(
��¬�� ��, �� Arrhenius ½ÆÎÜ�Ð.

ã 6 ý�¥�(��¬{|¢Ü�>NJÜ�§ÝCz
� ({|¢Ü¥�n�¸©O^ “a”, “b”, “c” L«, E>
NJÜ¥�n�¸©O^ “A”, “B”, “C” L«)

ã 7 �í¥�(��¬�E>N¢Ü9JÜ�§Ý�C
z�

� � � � � � � � � �
� � � � � �

� � � � � � � � �� � � � � � � ��� 	 ������
 � 
 ��  � � �� � �� � �� � �� � �� � �� � � � ��
ã 8 �í¥�(��¬3ØÓÿþªÇe (a) {|¢Ü�§Ý�Cz'X; (b) >NJÜ�§Ý�Cz'X
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������ � � � � � � � � �� � � �� 	 
 � �
 � 
 � �
 � �
 � �
 � �
 � � � � � � � � � � �� � � � � � � �� ��� � � � � �
ã 9 �í¥�(��¬�ØÓÿþªÇe (a) {|¢Ü�§Ý�Cz'X; (b) >NJÜ�§Ý�Cz'X

� � � � � � � � � � � � � � � � ������� �� �
� � � � � � � � � � � � � � � � � �� 	 
 � �
 � 
 � �
 � �
 � �
 � �
 � �

� �� � � ��
ã 10 ý�¥�(��¬�ØÓÿþªÇe (a) {|¢Ü�§Ý�Cz'X; (b) >NJÜ�§Ý�Cz'X

ã 11 ØÓí¨¥�(��¬�{|¢Ü¥�$§¸é
A�§Ý�ªÇ�'X

éu¸ b ½ B(ã 6), du¸��, ¿��ªÇ
�O\C�, Ã{?1ÿþÚ©Û, ¤±38c
^�eØU�Ñk'd¸��'½þ©Û. �´Ï

L*	 (ã 7),·��±wÑ, Ñy b ¸� �fÐ
 u>N§Ì� “²�” þ, ¤±·�@�, d¸
gu¬..

�§Ý?�ÚO\, >NJÜ9{|¢Ü¥
òÑy1n�¸, =¸ C ½ c(�ã 6). 3 C ¸Ñ
y��,CCTO �>N - >Ø'Xm©u)�~C
z. 3 C ¸Ñyc, >N�>Ø�O�~�, �
��>0�¥��¹��, � C ¸Ñy�, 3ªÇ
�$�>N�>Ø�O\O\, C-V 'XÑy�
~. ·�L��ïÄL² CCTO ¥�3�U?�
² [16], Ïd·�@�ã 6 ¥� C ½ c ¸5gu�
U?�² [11−15]. �â�U?�²�úª [11,12]

ln
( fm

T 2
m

)
= ln

(4π1/2σnm∗k2

h3

)
− E

kTm
.

^þªé>NJÜ¥�¸?1[Ü, (Juy3ý
� (ã 6) 9�í (ã 7) ¥�(��¬[Ü¤�-
¹UA����Ó, (J�ã 12(3�í¥�(�
�¬� c ¸Ø´AO²w, �vkë�êâ[Ü).
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3ý�¥�(��¬�-¹U� 0.4574 eV, 3�
í¥�(��¬�-¹U� 0.4566 eV, üöA�
�Ó, �-¹U��(í¨Ã'. éõÆö@�d
?�¸ (C ¸) u¬.,·�@�ù«Øä��û
'. ��5ù¬.�³^pÝ��(í¨, AO´
��¹þkX���'X, N´É�¹þ�K�,
ù�ã 12 �(J�gñ. �U?�²KØÓ, §
���u¬.?,«�>lf, X V ∗

0 , §���
�º��é ��½, É�¹þ�K���. Bueno
� [13] [ÜÑ SnO2-CoO ¥�� �-¹U� 0.43
eV, � 0.46 eV �~�C, �·�@� 0.46 eV �
- ¹ U  u V ∗

0 � ² U ?, C ¸  u � � �
U?�².

ã 12 1n�¸, = c ¸?§Ý�ªÇ�êâ[Ü, ÏL
[Ü����²��-¹U

�¬�Ñ��¬�� ßÝ�ké�'X. 0
��Ñ���)ü�Ü©, �´åPlfÏ4z
�)�0>�Ñ, �´16f3>|�^e�½�
¤£¤�)�î09, =¦��Ñ. 0>�Ñ�3
A�ªÇeÑy, 3ªÌ¥Ly��Ñ¸, ¦��
ÑK�ªÇÑyüNCz'X, üöþ�l0>Ì
JÜ�NÑ5. 3 CCTO ¥�� é0��>Æ
5�k�K�. ��¡�� ���U?"�,
é�²ï16fäkÐ¼�^, lé0��4z
k�z, Ïd3A½ªÇ�)0>�Ñ. Ó���
 Ï9-¹U�$, 3>|°Äe�½�[£, �
)î09, é¦��Ñ�k�z. ¤± CCTO �¬
��� �O\, Ù�ÑA�AO\. ù�·�¢
�y¢. ã 8(b), ã 9(b), ã 10(b) ©O«Ñ�í!
�íÚý��( CCTO �¬>NJÜ�§Ì, JÜ
¸��g� 3 nF, 5.7 nF Ú 11 nF, L²�X�� 
ßÝ�O� CCTO �0>�ÑO�. 0��¦�
�ÑK�N30>>NJÜ��.þ. lã 8(b),
ã 9(b), ã 10(b) ¥�±wÑ�§Ý�,p, �.
,p, L²¦��§Ý,pO�. Ó�lã 8(b),
ã 9(b), ã 10(b) ��±wÑ, ��� ßÝO�,
�¬¦��Ñ�AO�. ~X3 T = 300 K �, �
íÚ�í¥�( CCTO �¬�>NJÜ��� 1
nF, ý�¥�(�¬3 2 nF �m (�ã 8(b), ã 9(b),
ã 10(b)), L² CCTO ¦���� ßÝO���
AO\.

Rg

Cg CT

Cgb

Rgb

RT

UDR

ã 13 CCTO �$§��>´ã

·���, 0�¥�0>1�Ï~�±^ RC

��>´?1£ã. 3{|¢ÜÚ>NJÜÑy�
0>�Ñ¸��¡�U´du,ü�Gé� RC

¿é>´ü�3,�ªÇã���� RC Gé>
´���, ��U´á�g��,�«�Ò�¹

 RC Gé��>´ü�, X�U?�K�. eá
�¥Ø�3�U?�²½�U?�²é>N�K
�é�, ·�K�±òá����õ� RC ¿é
>´ü��Gé. @o3{|¢Ü�§Ý�Cz

¥, z�� RC ¿éü�ÒéA��¸, õ�¸�
`²á�¥�±^õ� RC ¿é>´ü�?1�
�. E>NJÜ½�B¥�¸Kuõ� RC ¿é
>´ü��?�Ú��. ÏL±þ©Û9·�cÏ
é CCTO � C-V �ÿþ, ïÄ(JL² CCTO
¥�3�U?�², �U?�²é CCTO �$ªÚ
p§>Näk�����z [16]. éu�U?�²,
�±^�� RC Gé>´ü�éÙ�6>5?1
��. du CCTO >b�¬¬.Ó��3¬.>
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NÚ�U?�²�)� “�²” >N, üö3>´
þ�¤¿é'X, Ïd3 10—300 K, CCTO >b�
¬�0>�A�dã 13 �>´?1��. 1�Ü
©�d RgbCgb ¿é�¤�¬.���>´, 1�
Ü©� RTCT Gé�¤�fU?�²���>´,
=¬â¥�3�4zf>N, UDR ���¬â�
0>�A, � RTCT Óá¬â�z, �¤¿é'X.
1oÜ©���²U?���>´, u¬.¥�
U?,�lfé16f (CCTO ¥��@�´>f)
��Ï�^, �¬.>N�¤¿é'X, ´ CCTO
¥ C-V $ª�~!I-V ��5!>{9>Nµþ
�A9p§>N�Ì��Ï.

4 ( Ø

Ï L é ý � ! � í Ú � í ¥ � � � n
« CaCu3Ti4O12 >bá��0>§Ì?1ïÄ,
(JL²3 10—300 K§Ý��, CCTO ¥0>§
ÌÑy�n�²�©Ou¬â!¬.9�� 
�². ¬â¥Ï�� Úå�>fá§a�9a�
�)�4zf´¬â>�Ú>N�Ì�å. ¬.
¥�3��� ��U?�², �²�-¹UÄ�
��(í¨Ã', �� 0.46 eV. �U?�� é1
6f��²�^´ CCTO $ªp0>~ê��
å.
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Effect of oxygen content on giant dielectric constant
and dielectric process in CaCu3Ti4O12
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Abstract

Dielectric properties of three different CaCu3Ti4O12 ceramic samples sintered, respectively, in vacuum, air and oxygen are

investigated. Three plateaus are detected in the dielectric temperature spectra within 10—300 K for all the three samples, meanwhile

the three corresponding peaks of the real impedance and imaginary capacitance occur at a certain temperature. However, the sample

sintered in vacuum presents a higher dielectric and clearer real impedance and imaginary capacitance peak, which indicates that oxygen

concentration and oxygen vacancy have a great influence on the dielectric property of CaCu3Ti4O12. The results reveal that the three

plateaus observed in the dielectric temperature spectra come from the grain, grain boundary and the oxygen vacancy sitting in grain

boundary, respectively. The analysis of dielectric spectra indicates that the activation energy of the grain is related to the sintering

atmosphere and the oxygen vacancy results in a variable-range-hopping conductivity and polarization for the grain. The activation

energy of oxygen vacancy trapper is about 0.46 eV and is nearly independent of sintering atmosphere. The high dielectric constant at

low-frequency or high temperature is caused by oxygen vacancy trapping carriers in CaCu3Ti4O12.

Keywords: CaCu3Ti4O12, colossal dielectric constant, oxygen vacancy, trapping states
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