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 SEM (- V2O5 !tZZj!_��U�H�`k59*
 XRD (- V M�XRw	�_d�F2�℄s�* >1.0mol%. Qf-<�

V �VE~=h7M��V Y �Mg 7 BaTiO3 _�C�
�\'M��V�_�=M<�q8D[��GÆ�A_��mn V Egal�QÆj*1\� ��*�#H
3> V �V��	
J=e +3 � +4 	H�E�jk'Æ}�	H�gat� \. (1013Ω·cm) �H�T U� (0.63%). Zj!M� 0.1mol%V &�T RDz� 2600, 1Y X8R *Q
x ~ qÆ hN���V�;��(�Po�T HE�3G`k �`��u�zÆTM534 ��l��ÆA

Influence of V2O5 on the Properties of BaTiO3-Y2O3-MgO Ceramics

LI Bo, ZHANG Shu-Ren, ZHOU Xiao-Hua

(School of Microelectronics and Solid-State Electronics, University of Electronic Science and Technology of

China, Chengdu 610054, China)

Abstract: The microstructure and dielectric properties of V2O5-doped BaTiO3-Y2O3-MgO ternary

system were studied. SEM shows that V ions can promote grain growth of BaTiO3 based ceramics,

but decrease the density of sintered ceramics. XRD indicates that V-doped samples have pseudocubic

structure and the solubility limit of V is more than 1.0mol%. The results show that V can increase

the intensity of Curie peak and improve the temperature stability of dielectric constant, because of

the formation of core-shell-grains with thin shell layer, which is attributed to the fact that V ions can

effectively inhibit the diffusion of Y and/or Mg ions into BaTO3 grains and change the distribution of

doping ions in the grains. Moreover multivalent V ions can reinforce the nonreducibility of this system,

and the insulation resistivity increases to 1013Ω·cm and dielectric loss decrease to 0.63% consequently.

The high performance materials with dielectric constant of 2600 satisfying the X8R requirement is

achieved when 0.1mol% V is added.

Key words BaTiO3; V2O5; microstructure; dielectric properties; multilayer ceramic capacitor

1 ��iO� (BaTiO3) *U;A)|�^bUb�$I�}"w�8�4Hal!�a (multi-

layer ceramic capacitor, MLCC)[1]. ℄H
�t�1 BaTiO3 N�℄I%� X7R eI (−55 ∼ 125◦C,

∆C/C ≤ ±15%) � MLCC |�p�����+�
$I�	%yD�qw�{91�eY��l�!W"x�|�jbpD���[p^jb�+�/hb	 150◦C, X7R-MLCC �:2Z(G:�[p�no� X8R-MLCC(−55 ∼ 150◦C, ∆C/C ≤ ±15%)�Sh�z="�$NC[��� [2−4].
%I��P\!�~7he%f�V? Ni'
Cu b
!0A)�~�
al"x BaTiO3-R2O3-�w	�� 2006–08–31, �r�vw	��2006–10-16!�}�� � 4 (1980– ), A�5/Rg�� E-mail: lbuestc@163.com
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MgO(R ..�}�L)[5,6]. }"Sh=+�ok"X{	 X7R+R�2lw�u
!℄M��U!V�Mb�x� [5,6].

3d�L V3`A�>�N�7��3v� VN� BaTiO3 * X7R ' X8R A)IF�Sh3W
B�
�!�Bw V2O5 1 BaTiO3 *al[FN�℄If[℄�^U!IF2�	UÆ X8R [p�U;A)�C�Sh% V2O5 1 BaTiO3-Y2O3-MgO"x�)�Qp�U!IF�t5�2^b% V�WN�℄I��x-��
2 
��F|?8��bi BaTiO3(Ba/Ti=1.00,U x � d 0.4µm) O k > �< 
 N � i �
1.5mol%Y2O3�1.5mol%MgO�0.5x mol%V2O5 N�7�f 1.0mol%BaSiO3 
L�7�̂ > x=0 �0.1�
0.2 � 0.4 � 1.0. 
)�v�WF>#Æn? 12h,b�_��Æ����OP�JJ����
dK>
1250◦C �Q 3h. w SEM(Hitachi S-530) xJal�

)�QpE3�w XRD(Philips X’ Pert Pro MPD)N�YS�Qp_\�w LCR b (Agilent 4284A)� 1kHz � 1Vrms � −55 ∼ 150◦C E8^U!�+eI�wu
!℄b (HM 2672A) � DC 100V E"6�u
!℄�
3 �y|Æ�| 1 .e V2O5 N� BaTiO3-Y2O3-MgO al� SEM )�Qp��
N� V2O5 '�`��V,S�};x�^nE�^Ux`�ax ∼ 0.39µm,�| 1(a). N� V2O5 ���\al��xE3(�#M=)�};`�mw�3f%nO;`����e+%kS�V�KE`� (∼ 1.15µm), �| 1(b)∼1(e). ST V �"�<�̀ �
B�$��r1�B9}`�:-�4�Qp>J2le+�&�x-�z^3 x=1.0mol% '�xQp�6�i
)J�(.= V N�"u[ BaTiO3 `���V��3W� Y2O3/MgO mN�1 BaTiO3 al�$`>q�|� V2O5 ���� (Æ 690◦C), ��Q

{ 1 0.5x mol%V2O5 M� BaTiO3-Y2O3-

MgO `kÆ SEM %O
Fig. 1 SEM photos of 0.5x mol% V2O5-doped

BaTiO3-Y2O3-MgO ceramics

x values: (a) 0; (b) 0.1; (c) 0.2; (d) 0.4; (e) 1.0



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

708 � + ? ' L � 22 q~_<�iCZ℄17_�K�6
av�z7� V2O5 L� ~2%$z �Z^�D�℄1
m>..�p7sZ℄1�O0:M�9=��̀?�4^�T|�2�:1
L�	Qz� SEM$N<�>;'{d^�%R2R}℄1�}��2�d�"
2 BaTiO3 _j^�;'T|�:^�y*�|^��0	z 2 2 V2O5 � / BaTiO3 (_j48)
9W-
r3	�L� V2O5 
WQo}L`
48)
9W-�'� SEM #^On^4	L	
V2O5 �_j
48)'IG��0kRS V2O5L� 
���48)℄*�?q0��GS8,?:�'� SEM wIO|1T�{i�_j<�%�w,
d*	9W-sQ�dAudj&
�O148�m
�z7pz<{d��m:
x=0.1mol% 
� V �9W-y'z%G�8~�: V2O5 �d)9W-FE� �� x ≥0.4mol%9W-5�8�&��H;~ 
 V2O5 08}���Oq��Z	lm� V2O5 Dqr3 BaTiO3j&
�O
G�;'�G��Z_j
48)	z 3,d8u V2O5 L�WQ
 XRDzX	�d{d�� 45◦ W\

*P(�L*� (002) 

(200) P�H;Y}WQv2�^

�E1	RS V2O5 � 
�:��;'
�:1
T�Pd*�',; V �mi <
r�) >1.0mol%. �A�L� ≤0.5mol%
 V2O5 5�8 r3 BaTiO3(_j
^iOn
�1^Z	p, 1 <{d�1/� Ba �U�e=\
 V(� Ti 
�U�
h�N\	gn ABO3 ^g	On
�KlU
Zo�V�UY	 BaTiO3 ^
1D!n Ti Æ	s~�
�K8P<*� V �UY	 B Æ� +2 � +5 
 ∆r/r L|� +3 � +4

{ 2 V �!� BaTiO3 )T:Æ59*�:X.Æu!
Fig. 2 Density and shrinkage for BaTiO3-based di-

electric as a function of V content

{ 3 9v V M�!XRÆ XRD {Y
Fig. 3 XRD patterns of samples doped with different

V contentm 1 � j� r {j��o∆r/r

Table 1 Ionic radius and ∆r/r ratio

Ba2+ Ti4+ Mg2+ V2+ V3+ V4+ V5+

r/Å 1.610 0.605 0.720 0.790 0.640 0.590 0.540

∆r/r/% — — 19.01 30.58 5.785 2.479 10.74
 ∆r/r y�:�7���bI�O%�V GZd
+3 � +4 C+v��lm V F�"�r��^
<�0k�Z
�)"KC&�:�p7�[&
BaTiO3 S��)
G�h�'I��z 4.

{ 4 V n;!0 Y/Mg lM� BaTiO3 `kÆT �*dHÆs4
Fig. 4 Dielectric temperature characteristic of Y/Mg

codoped BaTiO3 materials with various V content

(a) ε − T ; (b) ∆C/C − T
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4 Z � 3��Æ V2O5 0 BaTiO3-Y2O3-MgO `kHEÆs4 709z 4 � V2O5 m: / Y/Mg kL� BaTiO3_j
S��)
G
r3 (ε − T , ∆C/C − T ).pz 4(a) <�A�Y}WQ
k�� (Curie point,

TC) v� 129◦C, ',;L� x ≤1.0mol% 8 r3� BaTiO3 _j
r��G�1M&�)	�L�
V2O5 ��+d ε − T t0�N��0kRS V � �:���S�P%G
u%k�PyFE[`�y\� x=1.0mol%%�k�Pyz|Sf ��z 4(a) Y,	�L V 
WQo}``
S�QC�'2{_j
#^Ond1`48)o_�7�: V �4S�QC
G��2{\2�%
�wOnd1^�r��Z	pz 4(b)�d{d��
x=0∼0.2mol%%�����&�- ∆C/C &�8;'�7`� ∆C/C .4�f`�4) ∆C/C 
�)�"G;'f �0X X8R)P�� x=0.4∼1.0mol%��� ∆C/C ;'G��k`� ∆C/C 'I��|��4 ∆C/C ||Xd# X8R 
GC�	'H;4 
 V2O5 Dq� Y2O3 �MgO?uav�CZo}4�� / �"
��On�p7$�YJZ
�)
G	Pe-;��)�"B BaTiO3 (_j<v��KH�1
^���On
^���r�1
h BaTiO3, ^���G�1
L� BaTiO

[4−7]
3 . ��L� V %� ε−T 2"LT℄
EPt0�'H; Y2O3/MgO kL�
a�d� BaTiO3 _j<CZ��^��0k Y �Mg (Dq}<�N6
 �k�P	 V L��A7)k�P `�'H; V 5}NP
 Pav	gn��On�/����̀ �S�P
i)L/{^����
i.LCr" [8]. {m~,�RS V L� 
�:�^��
i.LCpY℄?:
q0	

Kishi � [7] Pe# BaTiO3-Ho2O3-MgO i /d����-
 Mg Dqg6L��U Ho 6
BaTiO3 ^�B
���p7CZ��On	/�
V2O5 L� BaTiO3-Y2O3-MgO  w��6���
Mg1I�V ���On
CZ<\_�#/\BZ
av	{� V2O5 
������O~_< V� BaTiO3 �L��)j<�ApCZ�F�0k{� V � BaTiO3 <
��-�DHQ���2"
Mg 
��-h��V�U�d�}<�[0\Z�9�U Y �2 Mg ~2�6 BaTiO3 ^��B
�)���4)�d^�<�F
L��UI)?:�2�
�9�U�d�h2
h BaTiO3 ^�av�p7CZh2o}��On
^��8~\<^��
i.LC1/L:�2^��&�

���p7�Z ε − T t0
&��2��S�P%G�7k�P
i)f 	�d���� V2O5L	 L`%�/�i� Y2O3 � MgO 
Hv�L;_�#'Iav�'p{i� V �Uo}
���-�d1{m[&
 Y � Mg 
��G	
V2O5 � /S�T��)
G
r3 (tanδ−

T ), �z 5 Y,	� x=0∼0.4mol%%� tanδ − T CN1I�(2"LT℄
t0�l7�+d�s(,*d�S�T� tanδ ≤1.5%,0k tanδ RS�) `7T��G��'2l��L`�)%�
M6YJ
D L�	m�� XRD O|',WQ�
�E1�G��F
�bav)S9
r�T�||?:�lm� TC h� tanδ �<�y&	� x =1.0mol% %� tanδ R�)
&�z,fz8u� tanδ − T t0� 50◦C W\'z� �'�D2{�\�s��[-�`�%O�
+��T��|�Z	a~��bI�O�<G V L�$zo_U�ÆI)�|�7U�Æ�	�w,�S9<
gay2o_s��[?:�0`?�4s�GD5�
�l�y\2�`�oC%�1��g�^"
:M;>D7oC%�'�<p RS�)
 `7�<'I�lm�`�%,*�h|
S�T�	�d~/�4 
 V [�S�
G
u%f`\s�GD��2~2
 V $z/
MLCC 
|s��[Æ�G�Z8�r3�p7G� MLCC 
)v;>	z 6 fd# V2O5 L� /5�S�T� (Di-

electric loss, tanδ) 
s��[- (Insulation resistiv-

ity, IR) 
r3	m: V2O5 �S�T�
s��[-(<�#C 4
[&�� V � � 0.2mol%

{ 5 V �!0XRT U��*dHÆs4
Fig. 5 Temperature dependence of tanδ for speci-

mens with various V content
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710 � + ? ' L � 22 q

{ 6 V �!0T U��t� \.Æs4
Fig. 6 Dielectric loss (tanδ) and insulation resistivity

(IR) versus V content%� tanδ |S%G2`� 0.63%, 7 IR q&2
1013Ω·cm. 'GZ2l� V }<�g6# Ti �U&=o_
S�T���i#j&
|��G	'z V �U�w,T�<a�7W6�}K��`
Ti4+ 
�"�Ap�%


V5+ + Ti3+ → V4+ + Ti4+ (1)

V4+ + Ti3+ → V3+ + Ti4+ (2){���Ap
av��^"C�Bm: V 
_jS�T�G��s��[� 	pz<{d�RS V m: 
�:�S�T�&%G�FE� �7s��[-& `�8,G�	'�D2l�_j<{ Ti4+ ��O�

Ti3+ 
�UI)2}.
��:	 V 
I)�+
(1) � (2) f�D7W)w,y�T��'%( ��8 Ti3+ �U
av�) tanδ y�`:�u%
IR �|	RS V � 
Y^=�:� tanδ �|�
IR �?�S�GD5��'�D2{��^Rg2�
 V o_
	�d�d� V 
L� �� w
S�T��2�BX�UI)}t	�|� w
S�T�8`��41/L�I)
 V jXd6$�U7}<�G�S�T�y�Zo	(9��/� V2O5 L� BaTiO3 (_j���bI<�O%�1}:>L V Fd V5+ u~ Ti4+a�#G�U�7|>L V5+ �i���� +4&
+3 =��2/� 
 +2 =�{� V5+ " Ti4+ hi����� V �UL	^
h� V5+ FCZ,e6$�U�p7[0# Ti4+ ���A+ (1) �
(2); ����
 V3+ � V2+ u~ Ti4+ a�<G�U0O�U�Æ	{m~,���ULN%�V �

UFd2=\C+v�� w<�u%,*�#G
<G�0d�&�G�'{l� V �K
&=
G	
4 ��� BaTiO3-Y2O3-MgO_j<�L� V2O5  r3\�OGD�s)^�jQ�T�G�_j48)��2V�#^On	m: x ≤1.0mol% V 
WQv2�^
�E1�k�;'
�:1d*�H;�mi < V 
r�) >1.0mol%.L� V2O5 8 r3 BaTiO3 _j
k��
(TC=129◦C),� 'IN� ε−T t0�0k�: V� FFE[`k�P�� x=0.1mol%%�∆C/C
�)�"G;'f �0X X8R )P	'2{� V � BaTiO3 <
��-�� V �UD}<[0 Y � Mg �9�U6 BaTiO3 ^�B
���CZh2��F
��^��p7$�YJZ
�)
G	2= V �U���bI<d +4 & +3 =�G�a�<GL�D�i BaTiO3 _j
|��G�}<G�S�T��f`s��[	� BaTiO3-Y2O3-MgO i  < �m : 4  
V2O5(∼0.05mol%) ��d$�GDx�
 X8R-

MLCC |��j&�\GZCC�%
 ε =2600,

tanδ=0.63%, IR = 1013Ω·cm.n���
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