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ABSTRACT

Effects of B,0; and CuQ additions on the microwave dielectric properties of the PbWO,-TiO, ceramics were investigated in order
to use this material as an UTCC material for fabrication of a multilayered RF passive components module. We found that PeWO, could
be used as an LT'CC material because of its low sintering temperature (850°C) and fairy good microwave dielectric properties (£,=21.5,
QX £,=37200 GHz and 1,=-31 ppm/°C). In order to stabilize T; of PhWO,, TiQ, was added to the PbWQ, and the mixture was sintered
at 850°C. A near zero 7; value (+0.2 ppm/°C) was obtained with 8.7 mol% TiO, addition. er and QX f, values were 22.3 and 21400
GHz, respectively. It was believed that the decrement of Q > f; value with TiO, addition was resulted from increasing grain boundary.
In order to improve Q X{,, various amounts of B,0; and CuQ were added to the 0.913PbW0O,-0.087TiQ, mixture. The optimurn
amount of CuO was 0.05 wt%. At this addition, the 0.913PbWQ,-0.087TiQ, ceramic showed £=23.5, 1=-2.2 ppm/°C, and QX
£,=32900 GHz after sintered at 850°C. In case of B,Q; addition, the optimum amount range was 1.0~2.5 wt% at which we could
obtain following results; £=20.3 ~22.1, QX{,=48700~ 54700 GHz, and t=+2.4~+8.2 ppm/°C.
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Fig. 1. Sintering and dielectric properties changes of PhWO,
as a function of sintering temperature : (a) relative
density, (b) £ and (¢) Q X f,.
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Fig. 3. SEM photoglaphq of (1- x)PbWO4->("l“1O7 specimens sintered at 850°C/15h :
x=0.125,

7}.2]— lr_,__ Aé\
PbWO, A|¥#<] vL%
-31 ppm/°Ce)1 AT

ﬂ]ﬁl

Hole 850°CeA 1547 23%
< g=21.5, QXf,=37200 GHz, 1=

ok

3.2. TIO, M7 of 2 .?ragguﬁ}
PbWO,S] FRFE 2EATE 231 ppm/'CE & &(-)

9| & Bt X7 vzﬁﬂﬁ‘ﬂ FRAFHT LA 7Y
e __rfj']- q]u:qo] tﬂl.])ijo]]‘__ ‘7:_ =2 o]}g-g] ol:(+);r_Jr -O_(_)
o] 2EATE e BEHES EFet B /ﬂho}/%
o, TEAE DEC FHFAE MAsks Wle) F2 of

£ 249 e 77 Fc’e}EJ oee o
244 48RS T ERERE 0 88jo] o= A
27 % 1 Fhssiet, vt z%:-na] A5 3 At
SFA A

(a) X—O 0, (b) x=0.03, (c) x=0.087 and (d)

ﬂ}o]- CQ] 0}] 34011—}~ O‘%' 991‘1_]__13.14)

B A7das PoWOSl 2 )Y 12H+450 ppm/°C)
S ZHE TIOE H7WA (1-x)PbWOHXTION EEFL
850°CIA 1.5AIZF A3t AlEd F, TiO, H7hkl] &
FAFHr A s} 7Red R 2ule] £ (g
2 FAAGROXL e 339} Fg. 30 TO, % W
3lo] W2 (1-x)PbWO,-XTIO, E3H4 9] vlA 24 AL
STt Ti0,e] Hrbe waor AAHE Welete o
PbWO,8] 27 "uth ZhiaE ZAYH I7E BSTh T,
A7} BN 12,5 mol% * /} ol AR = BT 97% o)
9] AZWTZ Wolt} TiO,2) H7Fo] 12.5 mal%gl 7%
= 850°ColA Ade| =R o= rigiddt TiO, TFe] 71
2 9l3] FEaA Y oj2e 2ALESL 93%0] A



CuO 2 B,0, 7Rl 2 PbWO,-TIO, Alehg=e] vlolsg2ydl fAE4 1049

v{ppm/C)

-30 - m—u -

2386 (b) s
23.0 -9
2261 ./ 4
®
w" 22,0 e -
2151 i
21.0- . |
2 10 1 2 3 4 5 6 7 8 8 10 11 12 13 14
45000 e
400004 (€) a
35000 \
. ]

Q x {{GHz}
)
o o
o o
o o
o o

2 10 1 2 3 4 5 & 7 8 9 10 11 12 13 14
TiQ, Content (mol%)

Fig. 4. Variation of (a) 1, (b) £ and (c) Q X {, of (1-x)PbWQ,-
xTiO, specimens as a function of TiO, content.
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Fig. 5. XRD diffraction patterns of 0.913PbW0Q,-0.087TiO,
specimens with CuQ additions.
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Fig. 7. SEM photographs of 0.913PbW0Q,-0.087TiO, specimens with CuO additives sintered at 850°C for 15h : (a) 0.0 wt%, (b)
0.05 wt%, (c) 0.1 wt%, (d) 0.5 wt%, (&) 1.0 wt% and (f) 1.5 wt%.
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Fig. 8. SEM photographs of CuO added PbWQ,-TiO, specimens.

Table 1. EDS Analysis on the A, B, C and D Regions in Fig. §

Pb W Ti Cu 0O
A 1.89 28.28 69.83
B 48.95 51.05
C 7.16 8.36 12.0 72.48
D 0.64 45.63 53.73

(in atomic %)
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Fig. 10. SEM photographs of 0.913PbWQ,-0.087TiO, specimens with B,O; additives after sintered at 850°C for 15 h : (a) 0.0 wt%,
(b) 1.0 wit%, (c) 2.0 wt%, (d) 3.0 wt% and (e) 4.0 wt%.
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