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Summary

It was investigated about the ladder type filter composed of different
kind piezoelectric ceramic resonators, a contour vibration resonator and a
length extensional vibration resonator in this paper. Ceramic ladder type
filters are usually made using the contour vibration resonators and the
contour vibration resonator of the series arm 3 times heavier than the one
of the parallel arm in the ladder type filter. In this paper the heavier
contour vibration resonator, the series resonator replaced by the length
extensional vibration resonator which has the heaviness and size 1/3
compared with a conventional contour vibration resonator.

The composed 3 stage ladder filter has the center frequency 455|kHz],
3dB band width 10[kHzl, the insertion loss 13[dB] and the selectivity
20[dB]. This resulte show the possibilitt that resonators with length

extensional vibration mode can be used to compose the Ladder filter.
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Fig. 4 Impedance and phase characteristics

of a piezoelectric ceramic resonator
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Fig. 8 Fabrication process of piezoelectric ceramics

Table 1 Grade and the manufacturers of starting materials

Raw material |Purity [%] Manufacturer
PbO 99.5 Hayashi Pure Chemical Industries. L'TD.
TiOg 99.0 Hayashi Pure Chemical Industries. LTD.
ZrOq 99.0 Sigma Chemical Co.
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1. AIZE SRS ®MIISot=l=2e| uietnlE £t

Table 2 Parameter of electricity equivalent circuit on used resonator

Items
CylnF1 R[] L[uH] C[pF]
Resonator
S 39.7 5.358 444.8 272.4
S, 46.01 4.849 361.5 335.4
Sy 39.43 4.907 405.6 300.9
), | 629.1 1.282 26.1 5.101
P, 643.7 1.216 27.08 4.859
Py 644 1.261 24.25 5.485

AbgE AEde] dolils a4 7o HEwe] fds Fx1A 371 AV]s 7t
2 ey 2 Network Analyer[HP E5100A1E ]88t SA3tlew 1 23E
Table 2l HEFH AT

Fig. 11 Compare the size of two resonators
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Table 3 Size comparison of the substrates utilized contour extensional

vibration mode and length extensional vibration mode

Ttems Width Length Thickness Weigh
Resonato [mm] [mm] [mm?] [g]
Length 3.71 1.31 0.98 0.33
Vibration
Contour
) ) 4.58 4.62 0.97 0.86
Vibration

g =Z7)7F 1/34) AT FrheE A4S & £ 9t} Table 3& 5 37A¢ A7) 9
FAZ A% golu). q7-E ZAolds TR/ & F TR wu T
Thefte S & F AT

3. 5 dsmcso 98 55
AP e T AFREY FAES 4 (16)€ o &5}e] Table 491 A A 5It).

Table 4 Permitivity measurements of two resonant modes

Resonatoltems Cy[uF] s[mm?] t[mm] €, [F/m]
S 35.7 4.86 0.98 8.13x 10"
S, 46.01 5.24 0.99 9.28 < 10"
Sy 39.34 5.00 0.98 8.71 < 10"
P, 629.1 21.21 0.35 1.17x 10"
P, 643.7 21.07 0.35 1.21 < 10"
P, 644 21.16 0.34 1.17x 10"
47 -
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Table 4] YEeERHIATE

Table 4 Electrome chanical coupling factor of two vibration modes

Vibration mode ks
Length Vibration 0.181
Contour Vibration 0.367

ol#f €] Fig. 12, Fig. 13, Fig. 142 Aglo|A AH A Z3l do|xls Frxte] FiEA
S dIEA FATVE o]&ste] SA g Tgjazoltt. o] A7 AHolXlE FXIA= FAF
w7} 460~ 470[KHz] tiefel=, Af(f, —f,)7} 15IKIz] B&Sl ot 542 Zhatt,

b1:4/R LOG MAG 10 dB/ REF: —-40 dB
2:4/R PHASE 50 °/ REF: o-*
Co 3.57: nF
el Tl el
0 444, 8 uH
e

fs: 457,198 kHz
3 “F'i::"ﬂl?‘-'l 4@5 kHz
fr: 457.278: kHz
Ryl AR R HE
: ;GISE.IS?f L H

START 400 kH= STOF 500 kH=z
Fig. 12 frequency response of length vibration resonator(.S;)
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STOP 500 kH=z
of length vibration resonator(.S;)
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