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Y2O3 1 ZnO + U' BaTiO3 D"%G.5,17&M=%TLk i�qml�rnj�p o
(^hba℄e d^hf`
^heg�\_ 610054)V R
 �Gv Y2O3 w ZnO VDS� BaTiO3 "[|Ad0Yw5���|1l	 XRD 7X(Æ� Y2O3w ZnO 
s BaTiO3 |�*0Y:�1j�#D�l1j�V^℄4y Y2O3 |_H��� 1.5mol%, % ZnO|_H�M 3.0mol%. SEM 
u Y2O3  ZnO Q�=t�EYAd0Y�(
�|�o(t�5i,�7V��3|	(j Y2Ti2O7 ��odK|�^�5	|s Y2O3 w ZnO |w1�5=���P[ - y0Y�-
�EY BaTiO3 "[|5�M�P��	V BaTiO3-Y2O3-ZnO }*℄y
y>y X7R |J��V�H5v	- 4 #
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Abstract: The effect of Y2O3 and ZnO on the microstructure and dielectric properties of BaTiO3

materials was researched. XRD indicates the crystal structures of BaTiO3 transform from tetragonal

to pseudocubic by Y2O3 and ZnO codoping. SEM shows Y2O3 behaves more effective grain-growth-

inhibition than ZnO owing to the intergranular second-phase Y2Ti2O7. Sufficient Y2O3 and ZnO can

help to form the core-shell structure and improve the dielectric-temperature characteristics markedly.

The high performance nonreducible dielectrics satisfying X7R can be achieved in the BaTiO3-Y2O3-ZnO

new system.
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1 SO��� (BaTiO3) �E6w9{�g/6A#�#\�L. (Multilayer ceramic capacitor, MLCC),�^&/oWf��
F�&zu��}�LN�&� [1−7]. X7R &��8�W –55∼125◦C N:��L$�� ∆C/C ≤ ±15%. N�Q�� X7R &�}�z�z;A BaTiO3 Æ#\z�Qw�K}Ap\ - z1Z��.�k}Apz (Y BaTiO3) ���k}Ap\ (ET BaTiO3) ��m [4,5]. =�
�
X7R � MLCC ;A)�LN�Q���ht06Ar���K^Y}��G!�

BaTiO3-Nb2O5-Co3O4 #\^5$�QT6AfGW5}j7� (Ag/Pd) ��� MLCC[4]. Ew(�Q��<6!7� (Ni 
 Cu) ����}W�I6w+^ BaTiO3-R2O3-MgO(R j)[;F�)�(U.zu,g/}�I [5,6].m ET Y2O
[8−10]
3 x ZnO[11] �\>u�FZ BaTiO3 #\}Be1Zx6����ozbA

Y2O3 x ZnO W2ET BaTiO3 #\^5}�Ip8H#�w��S�(U {�� X7R �8}W�I\{TF^5 BaTiO3-Y2O3-ZnO, .|
�I
Y/Zn ! C+^}Be1Zx6���}2m�C*�?Æ 2006–06–09, C$N)*�?Æ2006–09-01[X38Æ h 0 (1980– ), ��1w�He
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2 AP&�C,zQ} BaTiO3 9+EI{�-�8YY} Y2O3 �ZnO &��\� BaSiO3. Ew!,
Y2O3 �ZnO }ETul�q��2#) 1. I{UQ�z~W?e��z7� 12h, C|H�oW�Yp�
���*~�W�I/5z 1250◦C \1
3h. 6 SEM(Hitachi S-530) eB#\}Be���6 XRD(Philips X’ Pert Pro MPD) 8Y�!}A+1ZxWk�Q�6 LCR " (HP 4284A) >})6�N�&�� � 1 Q>Z! (mol%)

Table 1 Sample compositions (mol%)

BaTiO3 YO3/2 ZnO BaSiO3

YZ1 100 1.0 1.0 1.0

YZ2 100 1.0 3.0 1.0

YZ3 100 3.0 1.0 1.0

YZ4 100 3.0 3.0 1.0

3 6/2E;9 1 EET42t Y2O3 x ZnO } BaTiO3 #\} XRD �`%�b9 1(a) ^#�EP 0.5mol%

Y2O3}�! YZ1x YZ2UEm �2k} BaTiO3`I+�q Y2O3 }stfu 1.5mol% o�)�m�}
)k Y2Ti2O7(JCPDS 27-0982) &Uf,R}%;�	�_+^z Y2O3 }`I� <1.5mol%.~ 2���>�!�HUf ZnO }�`;� Ca-

ballero � [11] �I+f�W ZnO mET} BaTiO3#\z�-�^t 1.0wt%(N 3.0mol%)ZnO }�!He>u ZnO ;�ozqETt >5.0wt% o�U

f�d} ZnO ;�-_��+^z ZnO W BaTiO3z}`I�N 3.0mol%.;9 1(b)^#�YZ1 W 45◦ A=}&f;8|E (002)x (200),&�
 Y2O3 x ZnOst�[��;�$z.�e)�)A+1Z;�2k	$E�m2k�C_ 0�A�=� a~�>aL�c ~����2� c/a�$ r�e�	� Y �Zn;P.2mw BaTiO3 AM�OO Shannon e��E)�
A J (12 �J): Ba2+=1.610Å, Y3+=1.233Å; B J (6�J): Ti4+=0.605Å, Y3+=0.900Å, Zn2+=0.750Å.xq[��.a1Z} ZnTiO3 )� Zn2+ }e��E�r&4�&FR ABO3 G�a1Z [12], & Zn2+C Ti4+ }e��ER�.=�-_S
FE^t} Zn2+ &`O B J&+���6�;A Y3+ }e��EMA Ba2+ � Ti4+ k�� Y &OO A/B !&�)��)fU�o>j�6 [8,9]. ;A Zn>j
Ti~�Gfot} TiO2 .sr A/B <1,_o YR6oA`O A J&)fEk�� Zhi � [9] �I)��W Y2O3 mET4�
�t BaTiO3 #\z�Y}`I�W Ba J (N 1.5mol%) K�AW Ti J (N
12.2mol%). q Y ETt[hu 3.0mol% &No)W A J}`I�o�ot} Y2O3 C TiO2 &.0fQ
)k Y2Ti2O7. -_�W BaTiO3-Y2O3-ZnOTF^5z�Y2O3 }`I��A 1.5mol%,& ZnO}`I�NE 3.0mol%.9 2 E42 Y2O3 x ZnO ETt�!}Be���N9 2(a) � 2(b),  A-� 0.5mol%Y2O3 }#\dvU!,kÆ}Be1Z��Aphr4U�*IfL}hAp (≥2.0 µm) C`Ap (≤ 1.0µm)We�4oq ZnO [hu 3.0mol%, `A}!j��k[�� Caballero � [11] �w�W ZnO mET
BaTiO3 6wz�ZnO -�t 0.5wt%( N 1.5 mol%)

8 1 31 Y2O3 w ZnO rs� | XRD 8$
Fig. 1 X-ray diffraction patterns of the samples with different Y2O3 and ZnO contents
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8 2 31 Y2O3 w ZnO DSs� | SEM b�
Fig. 2 SEM micrographs of specimens with various Y2O3 and ZnO contents

(a) YZ1; (b) YZ2; (c) YZ3; (d) YZ4n?n
JK�[~tb��'s�dBR	{
A/k2��q�℄=�q?n�3�'i�+CU XRD #xTia�_:Te�CR 1.5mol%Y2O3 {���P<TP{_?/X�dB%1{ Y2O3 lCR BaTiO3 !Z{ÆF/ki= [8]. YZ3{"T?ngqL 0.8µm,p ZnOZ�t 3.0mol% n YZ4 {"T?n:�5�qo
0.5µm. d�
>f Y v Zn �℄%'s BaTiO3{?n
J�ny Y2O3 � ZnO P�<s�DX
BaTiO3-Y2O3-ZnO \3{�
/X�9?℄r{ Y2Ti2O7 �'i?n{q�,TP6U?!Z?nNV�℄U SEM x Y2Ti2O7 G�*e�B$ Lin ~ [8] U 1.0 mol%Y2O3 lCR
BaTiO3 {!Z��x�;4 TEM 
AtI??2V{�'i?n Y2Ti2O7. R	EC� Y2O3 b�{?n's�4/Bh+?6UU?29D{�'iM Y2Ti2O7 �?n
J{�℄�4�7 3 C Y2O3 v ZnOUCR��{4ÆL�$�;g (ε-T ). ULi� (Curie point, TC) �< YZ1Te�Q{4Æ:�ny�� ZnOZ�t 3.0mol%,

YZ2 {4Æ:2�~tb��s�p Y2O3 Z�t 3.0mol% n� YZ3 8'y YZ4 { ε-T ;gU –

55∼150◦C L9"x�+"��℄"�Zg Y2O3 v
ZnO CRr�b��DX℄)\4ÆH�{L�O���

M7 3 �t�YZ1 v YZ2�yl:;g�YZ3v YZ4 �btTu�:;g�dhJ?}'
xZ - x/X?n{�O�Park ~ [13] #hp�L�IL4Æ:{2�6*9?nZ�x{)�6�R���� Y2O3 v ZnO CRr{Z��P!{CRdÆ Y3+ � Zn2+ %n BaTiO3 ?nxb�bU�a$.*?nZZg�?nx�q�Li:g<a'"`��L:2��I�9℄<�� Y2O3 v
ZnO {v0�4<�?�O>X{Z - x/X�a$'g BaTiO3 !Z{ÆJL�O���97 3 ℄"�YZ1 {Li� TC C 125◦C(BX
BaTiO3 -<); p ZnO Zgt 3.0mol%, TC a'u
6◦C, � YZ2 { TC '�o 119◦C; p Y2O3 Z�o
1.5mol%, YZ3 { TC ���gIt 131◦C; YZ4 {
TC C 129◦C, �'�u 2◦C. Caballero ~ [11] �*e��r{ ZnO�['� ZnOlCR BaTiO3 { TC,dB�p�{/k�q�TC {!�-3T Y�ZndÆCO BaTiO3 ?L� ZnO '� TC /hJ??n_�%��_I{�O�$�_Iyp Zn2+ �C~�=i Ti4+ nF
�}�0��Z� Y2O3 �'I TC, dBgdÆ�DZ:M La�Ce{/k0ti-��	�<s�'� T

[14,15]
C . $4 Zhi~ [10]�v Y2O3 �'� Ba(Ti1−xYx)O3 !Z{ TC, dB�ÆF{/k2�q�℄�y9ÆF)\20XO{�℄=� Sato ~ [16] 'T�? BaTiO3-R2O3-
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8 3 Y2O3/ZnO VDS BaTiO3 "[|5�M�%�<h
Fig. 3 Temperature dependences of dielectric

constant (ε-T ) for Y2O3/ZnO codoped BaTiO3

ceramics

8 4 Y2O3/ZnO VDS BaTiO3 � |�K#��M�%�<h
Fig. 4 Temperature dependences of capacitance change

for Y2O3/ZnO codoped BaTiO3 dielectrics

MgO)\�?nZ�xj�{2{℄�F
/q,'g TC, dB BaTiO3-Y2O3-ZnO )\l6i
�+CU YZ3 v YZ4 xZ - x/X#B>g�O�7 4 C Y2O3 v ZnO UCR��{ÆJ"��L�$�;g (∆C/C-T ). YZ1 P<{g{ILÆJ"�� ∆C/C. p Y � Zn qrZ�o
3.0mol% n� YZ2 � YZ3 {IL ∆C/C �6Ba'�n}
'<Pg��
 Y2O3 {�:�4�
ZnO PCb��p0n,� 3.0mol% { Y v Znn�IL ∆C/C l%:�5'��,qr ∆C/C{L�O��
b'g�YZ4 �� X7R %
�d'
n<UCR�r{ Y2O3 v ZnO,:�S6*�'
{v0D��4,xtP<{p{Z / x�{Z - x/X�a$	x���{L�$��R	iv�?nxR�IL ∆C/C �?nZR��L ∆C/C, +$�?P<Z�x/X{ BaTiO3 6x�?n{Z / x)��KR�u
∆C/C-T $��+℄��� Y2O3 v ZnO Z��
∆C/C-T $�{<sD:/h+?Z / x)��{Zg�℄=�Armstrong ~ [17] EC?nZxj�i��.*{�/q�DX4L$�<���4�}=�R	EC�'i Y2Ti2O7 {dU�yrq ∆C/C-T $�7�{+��>fUÆFx�<*e Y2Ti2O7 �SJ��u~��0�{?�s/�ny Sakabe ~ [18] \mT�'i�!ZÆJ,{℄X�0�<p��%�'i�?I℄X�IO� MLCC{A3�4%<k?:�5{bOÆF�+℄℄%EC� Y2O3/ZnOUCR BaTiO36x�Z - x/X?n{�O8'y'x{p{

Z / x�y'IL�$�{��G+�$�'iM Y2Ti2O7 99*`��4�
4 6;U BaTiO3-Y2O3-ZnO SE\3x�	xu�� X7R{|~4u6x�'4Æ��7)� ε25◦C

≈3500, tanδ ≈0.7%, IR = 1012Ω·cm, Gav ≈0.5µm.

XRD hpU℄)\x Y2O3 {^G��?
1.5mol%, $ ZnO {^G�L 3.0mol%. �� Y2O3v ZnO Z�� BaTiO3 {?)/X9
0i�"C�k0i� Zn �C~�=i Ti $F
nr{
TiO2 ,rq A/B < 1, +℄ Y P5n?_N A I$'eCj��p Y2O3 MT'U A I{^G�}%B TiO2 -/
O�'i Y2Ti2O7.

SEM bt>f Y v Zn ��'s BaTiO3 ?n
J�n Y2O3 � ZnO P�<s�DXB\3{�
/X�'b�{?n's�4h+?6UU?29D{�'i Y2Ti2O7 �?n
J{�℄�4�
Y2O3 'ILi� TC, h+??nZ�xj�i�F
{�/q�$ ZnO '� TC, hJ??n_�%��_I{�O�{r Y2O3 v ZnO {v0�4<�?�O>X{Z - x/X�a$DX

BaTiO3 !Z{4ÆL�O����? Y2O3/ZnOUCR BaTiO3 !Z�Z - x?n{�O8'y{p{Z / x�y'g4L$�{��+��$�'i Y2Ti2O7 99*`��4�
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