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Analysis of a Laminated Piezoelectric Ceramic Filter
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Abstract- This paper is concerned with a ceramic filter laminated in the order of piezo-
electric vibrator/thin insulator/piezoelectric vibrator, and introduces general expressions
near the resonant frequency, related with electrical inputs and outputs, gain and phase dif-
ference between input and output voltages, resonant frequency, and bandwidth, when the
electrodes of the output element are divided by n equi-sections. This paper also shows that
those expressions describe well the related experimental phenomena when n=1.
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Fig. 1 Laminated piezoeleotric ceramic filter
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Fig. 2 Equivalent circult of a laminated pi-
ezoelectric ceramic filter
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Table 1 Properties of piezoelectric vibrators.
AsA HE| FAFS, | AT R, L, o Co Z,
fo[kHz] fp[kHz] (2] (mH] [pF] [pF] (kg/sec]
#A 303.2 337.75 5.61 2.843 96.8 442.8 101,002
#B 304.0 337.25 3.87 2.278 120.2 547.0 100,852
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Fig. 3 Frequency characteristics of the pi-
ezoelectric vibrators #A and #B
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Fig. 4 Input and output voltages, phase difference, and resonant frequency of the

ceramic filter (load : 300[kQ])
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Fig. 5 Voltage gain characteristics of the pi-
ezoeleotric ceramic filter (load : 10[M2])
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Table 2

kA 3 ko]
AR | AEA | AR | A8
300 36.66 | 36.02 | 314.10 | 312.50
1,000 38.20 | 38.08 | 314.10 | 312.55
10,000 38.88 | 38.20 | 314.10 | 312.53
53 38.96 | 38.38 | 314.10 | 312.65




WMEPE ROTE 39% 103 1990F 107

spol S8 Ak sk Al x z
shglont, BARsAE AgA A% b
ZASE W 400 02t T AR A

<

deol Ak 2o} shd Al EAbE Abgsted A
dH"EE nbEa, Aot AT+

A E3
7459 rtslzete A . Y4EH

ﬂd
e

ol
o_?l: J\rn
N

N

©
e

3
ol
A

Lo}

d fo

2
=
Lo
£y
h
S e
ol
o
e

N
1=
L
4

:.{o

i

_?I_

by

e o
[N
by

rlo
o apo
K
x
Il \
—
r£
o,
—o
2
)
e L
|
{4 ax
51 Nlo
o
olftt r
ol of
o
2

i

S
o afn o aln = ek

HOHoEe o 2
f
O}
ol
38
o
)

My duMeie gelof iy

32 1 2 3

(1) EFHMHILER, BEL7IVIZALZNE

H, BEHHBE, #1974

H.W.Katz, Solid State Magnetic and

Dielectric Devices, John Wiley and Sons, Inc.,

N.Y., 1959,

(3] o1&+, &5, “FstAAdEAe Fax
s} ol %ol FHa AT, A7) e o
stz =3, pp. 269~272, 1990,

[4] W.P.Mason(Ed,), Physical Acoustics, vol.
[A, Academic Press, N.Y., 1964

5] A.Ballato, H.L.Bertoni, & T. Tamir,
“Systematic Design of Stacked Crystal Fil-

=
(S
[

ters by Microwave Network Methods,”
IEEE Trans. Microwave Theory & Tech.,
MTT-22, pp.14~25, 1974.

[6] E.K.Sittig, “Transmission Parameter of
Thickness-Driven Piezoelectric Transducers
Arranged in Multilayer Configuration,”
IEEE Trans. Sonics & Ultrasonics, SU-14,
pp. 167~174, 1967,

[7] H.F. Tiersten, “Thickness Vibrations of Pi-
ezoelectric Plates,” ]J. Acoust. Soc. Am., Vol.
35, pp. 53~58, 1963.

[8] “IEEE Standard on Piezoelectricity,” IEEE
Std. 176 ~1978, IEEE Inc., N.Y., 1978.

1049



