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ABSTRACT

The compositions for LTCC embedded capacitors based on BaTiO; ceramics with 5~15 wt% of lithium-borosilicate glass frits were

studied. After the glass frits, which is chemically stable and has acceptable ability of low-temperature sintering, were added to the host
dielectric materials, the sintering behavior and dielectric properties were evaluated. As for BaTiO;, relative density of >95%,
permittivity 990, and dielectric loss 3.1% were otained when sintered at 925°C with 5 wt% of glass frits. As for (Ba,Ca}(Ti,Zr)O;
ceramics, relative density of >95%, open porosity <0.5%, permittivity 700, and dielectric loss 2% were obtained when sintered at

875°C with 10 wt% of glass frits.
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Table 1. Physical and Electrical Properties of BaTiO; and (Ba,Ca)(Ti,Zr)O; Ceramics

Sample Optimum  sintering

Relative density

Dielectric constant Dieletric loss (%)

code Composition temperature [°C] (%] [1 MHz] [1 MHz]
BT BaTiO; 1350 99.8 >2000 19
BCTZ (Baogscaoos)(Tloggzr012)O3 1260 99.7 >3000 2.5
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Fig. 1. Sintering properties of BaTiO; ceramics with HA-03

glass additions : (a) linear shrinkage with glass content
and (b) relative density and open porosity with 5 wt% of

2 24 S-S ksl s 7IEA f3A BEAl st glass frit.
Table 2. Physical and Electrical Properties of the HA-Series Glass Frits
Code Density k tan & (%) TEC T, T,
[g/em’] [1 MHz] [1 MHz] [x107%°C] [°C] [°C
01 2.37 75 0.58 15 430 460
02 2.35 7.1 0.68 14 450 480
HA 03 2.37 73 0.57 14 430 460
. 04 2.34 8.2 0.65 12 420 450
seres

05 2.46 8.6 0.48 12 410 440
06 2.52 84 0.89 12 400 450
07 2.32 8.7 0.51 12 385 400
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Fig. 2. Sintering properties of BaTiO; ceramics with HA-07
glass additions : (a) linear shrinkage and (b) relative
density.
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Fig. 3. SEM images of BaTiOs-based ceramics with 10 wt% of
HA-07 glass frit sintered at 875°C for 2 h : (a) surface
image and (b) cross section image.
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Table 3. Sintering and Dielectric Properties of the BaTiO;
Ceramics with Glass Additions

Glass Firing Dielectric Dieletric

temperature constant loss [%]

Code  wt [%] °C] [IMHz] [l MHz]
HA-01 10 925 570 23
HA-02 10 900 520 2.2
HA-03 5 925 990 3.1
HA-03 10 900 510 2.2
HA-07 10 875 590 2.9
HA-07 10 900 580 2.9
HA-07 15 850 270 2.9
HA-07 15 875 280 2.7
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Fig. 4. Sintering properties of (Ba,Ca)(Ti,Zr)O; ceramics with
10 wt% of glass addition : (a) linear shrinkage and (b)
relative density.
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Table 4. Sintering and Dielectric Properties of the (Ba,Ca)
(Ti,Zr)O3 Ceramics with Glass Additions

Glass Firing Dielectric Dieletric
temperature constant loss [%]
Code  wti%l  pq [IMHzl  [1 MHz]
HA-01 15 875 440 22
HA-02 10 875 660 2.1
HA-03 15 875 520 1.8
HA-07 10 875 720 23
HA-07 13 875 600 22
HA-07 15 875 490 19
— T T 1 T 1T v 1 T T T T 7
gs0 L HA-05 (10 Wi%)
o HA-06 (10 wi%) T
I 900 | — HA-07 (10 wt%) .
- 850[: E
© 500 -
€
8 750 4
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1 1 i 1 PR R SN R ) I
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Temperature (C)

Fig. 5. Temperature dependence of the dielectric constants and
dielectric loss in (Ba,Ca)(Ti,Zr)O; ceramics with glass
composition.
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Table 5. Sintering and Dielectric Properties of the Sintered Laminate of (Ba,Ca)(Ti,Zr)O; Ceramics with a Glass Frits

Ceramics Glass Firing _ Open Relative Dielectric Dieletric

< ————__.~-temp -~ porosity. . density constant loss (%)

Type wt% Code wt% [°C] (%] ) [%)] {1 MHz] [1 MHz]
BT 95 HA-03 5 925 0.53 96.6 950 1.8
BT 93 HA-07 7 900 042 96.8 750 2.6
BCTZ 87 HA-03 10 875 0.32 95.2 490 1.9
BCTZ 90 HA-07 10 875 042 96.3 720 2.3

Embedded capacitor layer =3

-

Fig. 6. A SEM image of the interface between the low-k layer
and the embedded capacitor.
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