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Abstract: The NCB(Na2O-CaO-B2O3)-doped Ca0.3(Li1/2Sm1/2)0.7TiO3(CLST) ceramics were fabri-

cated via the traditional ceramic process. The relation between NCB dopant contents and the crystal

structure, microstructure, sintering behavior, and dielectric properties of CLST ceramics were inves-

tigated systematically. The results indicate that the second phases are not found when NCB dopant

contents are in the range from 1wt% to 15wt% and the major phase of CLST ceramics is still orthorhom-

bic perovskite. With the increase of NCB content, the densification temperature and bulk density of

CLST ceramics decrease, the dielectric constant εr and the product of quality factor and resonance

frequency Qf value also decrease, and the temperature coefficient of resonant frequency τf increases

to positive. NCB can effectively decrease the sintering temperature of CLST from 1300 ◦C to 900◦C.

The sample of CLST with 12.5wt% NCB sintered at 900◦C for 5h still has excellent dielectric proper-

ties: εr=73.7, Qf=1583GHz, τf=140.1×10−6/◦C, which satisfies the design demand of high dielectric

constant and multilayer microwave components.

Key words: Ca0.3(Li1/2Sm1/2)0.7TiO3; Na2O-CaO-B2O3; low-temperature sintering; microwave

dielectric ceramic
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1294 X � B � � � 23 XO�j�K: �_O$-h�PL�1Z [1]. Cw�5uWSL> X� εr �LB�C� Qf l�?�V'f� τf �K:>�D�WS�1>?
O�q7$8Æ�(PC5?��x�.��FL�VUs+v�� (low temperature co-fired ceramics,

LTCC) �o.M<�_$l.M+g
�qp�1Z�3S�BN [2]. LTCC �1K:>�D�4ZL 
��?� 
 (l Pt � Pd �Au �Cu �
Ag �) Us
zJ��lyL0'℄
��Li�3�� Ag(960◦C) � Cu(1064◦C) ��?�5O 
D�3Oq{
Cw�[54XZ Ag � Cu�VUs�L> X�K:>�+vD�*
�r5u�)e<�
.R�+L> X�K:>�D���Vx%Q#1��m BaO-Ln2O3-TiO2 0f [3−5](I�
Ln O?fbC_��l Nd � Sm) l Li2O-Nb2O5-

TiO2 0f [6−8], 5�FLGm�i�,x℄l6z��s8&��<6.�s8V'
 Dernovsek� [4] %Q�m BaNd2Ti4O12 (+1wt% ZnO) �3�
10vol% B2O3-Bi2O3-SiO2-ZnO 6z�5Os8&i��m 900◦C s8�0f�> �4OÆ εr=67,

Qf >1000GHz(6GHz), τf=4×10−6/◦C. Cho � [5] m
BaSm2Ti4O12 ��m 10.0mol%B2O3 l 20.0mol%

CuO b�s8V'P 1350◦C .�� 870◦C, ��IK:> �4OÆ εr=61.47, Qf=4256GHz, τf=

–9.25×10−6/◦C.^0z� [8] ; B2O3-ZnO-La2O3 6zOs8&�+ Li1.0Nb0.6Ti0.5O3 +vC��Vs8%Q� 900◦C s8���+v�K:> �4OÆ εr ≈58, Qf ≈4800GHz, τf ≈11×10−6/◦C.WSL> X��K:>�D�zS (1 −

x)CaTiO3 − x(Li1/2Sm1/2)TiO3 0f� x=0.7 ��
εr=116.5, Qf=3254GHz, τf=42.43×10−6/◦C[9]. ��.RO
�z�S+ CaO-Li2O-Sm2O3-TiO2 0fC��Vs8�%Q
Cw�O�qL>K:>�D�Z Ag � Cu ��VUs�&%Q �L
Ca0.3(Li1/2Sm1/2)0.7TiO3( �[O CLST) O�0D��ShWS�i�� Na2O-CaO-B2O3 ,x℄�.�+v�s8V'�;G���4M|44ZE 
Us�K:>�+v

2 x�pu;?_r CaCO3 � Li2CO3 � Sm2O3 �
TiO2 � Na2CO3 � H3BO3 O a ��� ��
Ca0.3(Li1/2Sm1/2)0.7TiO3 ls8&� Na2O-CaO-

B2O3(NCB)�x���9��;9ql,x>W,-O>��W, 24h, Ipr���a�m 1100◦Ck℄s��V 3h, o^ Ca0.3(Li1/2Sm1/2)0.7TiO3 ��
s8&�a�m 750◦C k℄s��V 5h, o^Co,x℄ NCB.*℄sh���Z5"(u� NCB �o�jxW,�Ip��mÆ�� 5wt% � PVA 5t8��ow�I�^���^ φ25mm×12mm �.'b%0�m 850 ∼1200◦C ks^��V 5hr{�nd��V
.B�!'FL���
6J��Gx1^FL D8-Advance� Xuu&u8?_�.B�G�G�ÆG�0�OS XRD &u�SP3�3a6� ��
oK8W��\NFL JSM-6700F �U5uo% M
s8&� NCB�f� -Pf?_FL
STA449C �f� C Pf?_8
L Hakki-Coleman>�%
�6J�.B�> X� εrÆQf ��&L8OO Agilent 8719ET(500MHz ∼13.5GHz) G�?_8�
�+�O TE011,?�J�9MO 1∼4GHz.m 25∼80◦C V'9M1FLdS6J�
�?�V'f� τf , 4L 25◦C ��
�?� f(25) O.'?��I� S�O

τf =
1

f(25)
×

f(80)− f(25)

(80 − 25)I�Æ f(80) O 80◦C �
�?�

3 
Y\�m
3.1 wd�_ NCB P TG-DTA T�A 1 O,x℄ NCB o^d
� TG-DTA _u
b;\h�121.1◦Cl 191.4◦C m~mK��afA�+H� TG _uphq���|
PVo^
NCB �a��H	��?��5l H3BO3 ?9&

� 1 NCB � TG-DTA ^t
Fig. 1 Thermogravimetry-differential thermal analy-

sis (TG-DTA) curves of NCB
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6 F r
'��� Ca0.3(Li1/2Sm1/2)0.7TiO3 I8<�)t��Ur7#P 1295GK�
 590∼ 690◦C ���=fA�afA;ÆZ�+H���
PV CaCO3 � Na2CO3 {^C! CaNa2(CO3)2 4?9=h CO2 �7H&�
��afAm 802◦C DD�O NCB �Ui�T{�afA

3.2 �rP���HA 2 OJ 900◦C s8r NCB Sh CLST +v� XRD AE
PAb;\h�I#GxO
<H;k��S5q)ohx
m XRD AE��P5qSh NCB �x[x^?
|5<$
PVSh�
NCB s8&�#1;6zx���~m��5<$�PV Ca2+ �Na+ �(Li1/2Sm1/2)

2+ �p-�N5D�?3O 1.1200Å�1.0200Å�0.9995Å[10], NCB�� Na+ � Ca2+ k=Yj� CLST �GM���^EbYj0
tL XRD �S� h�E0f.B�GMX�ÆG�0�l1 1 &	�b �#*
Ca2+ � Na+ �a���s��Yj0G�0�!

� 2 I 900◦C r7q NCB Rg CLST )t� XRD�D
Fig. 2 XRD patterns of CLST ceramics sintered at

900◦C with different NCB dopant contents

a: 1.0wt%; b: 2.5wt%; c: 5.0wt%; d: 10wt%; e: 12.5wt%;

f: 15wt%C 1 CLST+xNCB |INi�G{[i��^
Table 1 Lattice parameter and unit-cell volume

of CLST+xNCB ceramics

Lattice parameter/Å

x/wt% Unit-cell

a b c volume/Å3

1.0 5.4223 7.6267 5.3345 220.61

2.5 5.4241 7.6235 5.3386 220.76

5.0 5.4246 7.6261 5.3535 221.46

10.0 5.4282 7.6289 5.3680 222.30

12.5 5.4234 7.6349 5.3696 222.34

15.0 5.4150 7.6476 5.3716 222.45

&s�
|
PV Na+ �p-�N (1.0200Å) �V
(Li1/2Sm1/2)

2+ �CZp-�N (0.9995Å), '�Gm
��G�0��s�

3.3 �rP	�dWT�A 3 OSh 10wt% NCB � CLST +vm>;s8V'k�oK8WA~
b;\h�m 900◦Cs8�+v0�~m��Qf�#*s8V'�}L�Qf!&�t� 950 � 1000◦C s8�+v��!'3L�|Z0�!'-x_ux5�
Gw��#s8V'}L5{)o-x�+vm 900◦C s8��Gw5\>Eb�Gw3�� 50 � 1000◦Cs8��GwY��+vGw1$$6zx�b�
1050◦Cs8�.B��~mN3�XY��Gw

3.4 �rPwdÆq

NCBSh CLST+v�0�!'#s8V'�-xlA 4&	
b;\h�#*s8V'�}L�
CLST +v�0�!'s��4m5"�s8V'\V�l
+V>; NCB Sh��+v�!'���l��s8V'>;�#*Sh��s�����l��s8V'!&.�
PSh� CLST +v�s8V'L� 1300◦C[9], Sh 12.5wt% �15.0wt%

NCB r�+vZbm 900◦C �s8�!�!'���l
Pwb�� NCB �Shb;|C CLST +v��!x�o$.�s8V'
PV NCB�i� (802◦C)3���Vs8�T{3x�3x�~m�h�+v�s8�'�z2�+v4m�Vks8
�Vs8�T{�3xn�Y0_w��_w���g�^�h^�m�h^�x�5Lk�_w5{�8�4�48i�?Qf�|C�+v��!x�;�T���h^x�5L��w��xt5km�>h�?*d�T���Hx�_w��|�5k�xs��_w5k�mY0x�S�z�'����j9l!_d
��3��_wj9�3��_wY��z2|C�Gw�{Y�.�s8V'
#* NCB Sh��s��3x�s��5km�'s��s8D$xs���!xV'!&k.

3.5 ~KP�EgRÆqA 5 O NCB Sh CLST +v�> X�#s8V'�-x
#*s8V'�}L� CLST +v�> X� εr s��4m5"s8V'k��3���#* NCB Sh��s��> X���3���s8V'!&.��U+v�3�> X�!&.��Sh�O 12.5wt% � 15wt% �+v> 
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1296 X � B � � � 23 X

� 3 Rg 10wt% NCB � CLST )tl=:r7U&j�)# SEM y;
Fig. 3 SEM micrographs for CLST ceramics with 10wt% NCB sintered at different temperatures

(a) 900 ◦C; (b) 950◦C; (c) 1000◦C; (d) 1050◦C

� 4 NCB Rg CLST )t�/� &"r7U&�,w
Fig. 4 Sintering temperature dependence of bulk

density for the NCB-doped CLST ceramicsV� εr k 900◦C���2��>2N 73.69�66.18.*U CaO-Li2O-Ln2O3- TiO2 .d�(s�;�V�
εr �'UE�.��� [11]. N/ 1 a��! NCBQf}�q��CLST�E�.�q��BQ)o+ Ti4+ k*�".���#
�q��	� Ti4+�o+	vÆ|J�y1�(s�;�V�q���4:"�NU NCB "/:5yv��}kUEvE:l�7
�'IÆ NCB 5y�;�V� εrN 6.34, 5yv�}k	4J|(s�;�V��

� 5 NCB Rg CLST )t�<�W� εr "r7U&�,w
Fig. 5 Sintering temperature dependence of dielec-

tric constant for the NCB-doped CLST ceramicsHJ|b%�UE�.�q��J|�	� CLST(sA�� εr ,��? 6 �<9 NCB Qf}� CLST (s���A� Qf 
!q6T%+v�℄s�!(q6T%�|J�P.7f�(s.��%,J� Qf 
q��!( NCB Qf}�q��(s���jq6T%�� Qf 
 %,��Qf 2.5wt% NCB� CLST(sk 1100◦C q6�H Qf 
N 2215GHz, 1Qf
12.5wt% NCB � CLST (sk 900 ◦C q6�H Qf
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6 F r
'��� Ca0.3(Li1/2Sm1/2)0.7TiO3 I8<�)t��Ur7#P 1297
,N 1583GHz. J| Qf 
�A��,:"��*Uo+E.Q [12]:

Qf = f/tanδ = 2πωr/γ=constantH�� ωr N��}#*�_�*�/=Æ� γ N��V��k,E(s��f��E:�
r\N γq��"/`A�k%"O��!( NCB e}�q��J$i5yv�e}q��1T�(s�Eve����E:�
rq,�E:lFJ�;�$iq��9�NU[�}4n\�Pe
r�q��	� γ q��;�$iq�� Qf 
i,�? 7 N NCB Qf CLST (s�=ÆT%d�
τf !q6T%+v�℄s�!q6T%�|J�
τf lqp��! NCB e}�q��(s� τf q�� NCB Qf}N 5.0wt% � 10.0wt% � 12.5wt%� CLST(s�>2k 1000�950 �900◦Cq6�H=ÆT%d� τf >2N 99.2×10−6 �124.6×10−6 �
140.1×10−6/◦C.NU�}=ÆT%d�"/`YUA��;�V��T%d�js:wd� [13], Q

� 6 NCB Rg CLST )t�A�B� Qf �"r7U&�,w
Fig. 6 Sintering temperature dependence of the qual-

ity factor Qf for the NCB-doped CLST ceramics

� 7 NCB Rg CLST )t�>�U&e� τf "r7U&�,w
Fig. 7 Temperature coefficient of the resonant fre-

quency τf as a function of sintering temperature of

NCB-doped CLST ceramics

R�� τf = −
1
2τε−αL, τε N;�V�T%d��αLNA�s:wd��*U�+(sA��4�s:wd�k 10×10−6/◦C 4T�vO<��{- τε R\NJ| τf �"/A��;�V�T%d� τε "/�o+	vÆ�J|�%:o+�	vÆ�J|�}=ÆT%d� τf �2"/A��! NCB Qf}�q�� Na+ � Ca2+ �`�}q�� CLST�E�.�q�� Ti4+ �	vÆ|J�(s��}=ÆT%d� τf !�q��

4 
m
1) NCB2Q�{A CLST(s��Tq6�1� 12.5wt% NCB, a( CLST (s�q6T%,Æ

900◦C. [v>^/&�H"EvN�:F9i��Q4p&mfv�
2) !( NCB Qf}�q��(s�q6T%j�j.��%,��;��2i,�
3)1� 12.5wt% NCB� Ca0.3(Li1/2Sm1/2)0.7TiO3(s�k 900◦Cq6 5hUQ2��H7;��2�

εr=73.7, Qf=1583GHz, τf=140.1×10−6/◦C.

4) Ca0.3(Li1/2Sm1/2)0.7TiO3 ( s � Q f
12.5wt% NCB a:k 900◦C q6��.(sWDTq�T%5!�H;�V� εr j Qf 
a:�.J;,KH7M!�w�/X�Fk�
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