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Abstract: Dielectric resonators with BT (BaTiOs), TiOz, and ZrO> powders without using the rare earth oxide powders were
fabricated for the target relative permittivity of between 30 and 40 and the filter characteristics of metal cavity filter with the
dielectric resonators inside were evaluated. Powder characteristics such as particle size distributions and specific surface areas
were measured for the composing raw powders to evaluate the powder states. After measuring and comparing the relative
permittivity and dielectric losses of the dielectrics of three different compositions, the specific composition was determined
(BT:TiO2:ZrO2>=1:4:1 in mole) and the dielectric resonators were fabricated with that composition, which shows relative
permittivity of around 35. The powder characteristics of mixed powders with the determined composition were also evaluated
to investigate any agglomerates possibly formed in the process of powder mixing. Dielectric resonators were fabricated by the
powder compaction (compaction pressure: 31 MPa) and firing method. The peak firing temperature was 1,300 C and the holding
time at the peak temperature was 3 hours. After firing, cylindrical resonators with one end closed were mechanically machined
to eliminate any size differences in dielectric resonator which can be caused by the shrinkage difference during each firing
process of resonator fabrication. After measuring the resonator characteristic in the frequency range from 3.6 GHz to 3.8 GHz
by changing the height of dielectric resonator, the height of the resonator was determined to be 11.7 mm. Finally, filter
characteristics of TM (Transverse Magnetic) mode metal cavity filters with the dielectric inside were measured and evaluated.
The metal cavity filters with the dielectric resonators showed the insertion losses of below 1 dB with the band widths of 200
MHz and over 20 dB return losses from 3.6 GHz to 3.8 GHz, whose filter characteristics well satisfied the requirements of the
band pass filters for the base stations and it was proved that the dielectrics using the proposed composition could be used as

dielectric resonator.
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Table 1. Powder mixing composition ratio.
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Fig. 1. Particle size distribution of the raw powders: (a) BaTiOs, (b)
TiOz, and (¢) ZrOa.
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Fig. 2. Specific surface areas (BET) of the powders: (a) BaTiOs, (b)
TiOz, and (¢) ZrOx.

Table 2. Measurement of specific surface area using BET method.

Specific surface area

Powders Test method (me)
BaTiO; BET 3.39
TiO2 BET 4.94
ZrO> BET 11.5
MW-BTTZ-2 BET 6.63
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Fig. 3. (a) Measured relative permittivity (@ 1 MHz) and (b) tan loss
(@ 1 MHz) of the dielectrics.
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Fig. 4. XRD patterns of the dielectrics.
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Table 3. Theoretical calculation of relative permittivity of the
dielectrics for the three compositions (assuming the relative
permittivity depends on the volume fraction for each phase): (a)
relative permittivity of TiO2 is assumed 100 and (b) relative
permittivity of TiO2 is assumed 60.

(@)

Powder BT TiO2 ZrOs
Relative permittivity 1,000 100 20
Molecular weight (g/mol)  233.19 79.86 123.21
Density 6.02 4.23 5.68
Volume/mol 38.74 18.88 21.69
Mixing ratio in mole 1 3 1
Calculated relative 52
dielectric constant
Mixing ratio in mole 1 4 1
Calculated relative 59
dielectric constant
Mixing ratio in mole 1 5 1
Calculated relative 64
dielectric constant
(b)
Powder BT TiO2 ZrOs
Relati ielectri
elative dielectric 1,000 60 20
constant
Mole (g/mol) 233.19 79.86 123.21
Density (g/cm?) 6.02 423 5.68
Volume/mol 38.74 18.88 21.69
Mixing ratio in mole 1 3 1
Calculated relative 3
dielectric constant
Mixing ratio in mole 1 4 1
Calculated relative 37
dielectric constant
Mixing ratio in mole 1 5 1
Calculated relative
39

dielectric constant
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Fig. 5. Particle size distribution of MW-BTTZ-2.
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Fig. 6. BET of MW-BTTZ-2.

Fig. 7. SEM image of fractured surface MW-BTTZ-2 dielectric
showing no cavity along the grain boundary or inside the grain.
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Fig. 8. Dimension of dielectric resonator.
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Fig. 9. Dielectric resonator.
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Fig. 10. Resonant characteristic of TM mode dielectric resonator
(resonance frequency: 3.1 GHz / height of cylindrical dielectric: 12.7
mm).
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Fig. 11. Resonant characteristic of TM mode dielectric resonator
(resonance frequency: 3.4 GHz / height of cylindrical dielectric: 12.1
mm).

L WS00000 mes -73.370 au

il f

a A .
W 43 G i

Fig. 12. Resonant characteristic of TM mode dielectric resonator
(resonance frequency: 3.89 GHz / height of cylindrical dielectric:
11.7 mm).
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Fig. 14. Cavity filter with the dielectric resonator inside.
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Table 4. Band pass filter characteristics of metal cavity with dielectric resonator inside.

3,600~3,800 MHz 0001 0002 0003 0004 0005
Insertion loss 1.5dB 0.87 0.87 0.91 0.93 0.81
Ripple 1.0dB 0.27 0.25 0.26 0.29 0.21
Return loss 16.0 dB 22.8 21.7 21.2 21.6 22.6
45.0 dB
Att ti 77.3 71.9 74.8 79.6 69.7
enuation 3,466 MHz, 3,934 MHz
Coupling 30+3.0 dB 30.4 30.2 30.8 31.1 29.5
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