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Design and Fabrication of a Double Mode Filter with
Thickness Vibrating Mode of Piezoelectric Ceramic
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ABSTRACT

In this study, we design and fabricate a double mode ceramic filter using thickness vibration of PZT. We design an
equivalent circuit of the ceramic filter and simulate the variation of filter transmission characteristics with change of
malerial properties and shape factors. Based on the simulation results, we fabricate a ceramic filter which has 10.7 MHz
center frequency, and experimentally confirm valdity of the theoretical design results with change of the piezoelectric ceramic
substrate and the eleclrode size. The results of tendency analysis through this rescarch can be a useful reference in development
of various double mode filters.
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Fig. 1 Fundamental vibraling mode of a double mode ceramic
filter.
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Fig. 2 Bagsic design of a double mode ceramic filter;
{a) Structure of a double mode ceramic filter,
(b} An equivalent circuil.
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L :Motional inductance
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C,: Electrical shunt capacitance
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Fig. 3 Equivalent circuit of a cascaded double mode ceramic fil-
ter;
{a)Casaded structure,
{b) Entire equivalent circuil design.
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Table 1. Paramelers and constants for a ceramic filter design.

Ly —a— ¢33 3
Design Paramelers Parameters Value ¥ permittivit
o I — . —&— stiffness
Length 0.4mm —+—— density
Width 0.6mm g ]
Filter
| Gap 0.33mm E 24
Shape PZT Thickness 0.2V mm
Faclots g
Plateback 30x 1073 B
Coupling Capacitance 50 pF & T
Permitlivity o o ® w w L
1206 change of parameters [%)]
(€33 feg)
2 (a) i
Piczoelectric Constant o ] —a—e33
(a3} |3 Cfm &S —w— permittivit |
| = — - 184 —&— stiffness b
Densily 7000 kg/m’ % —+—density | ]
- l ; a -
pMaleT Stffness 22.9% 10" N/ i
roperties 9% 10 m ] ]
pe (cn) g =
£ 7
Stiffness ]
12.3 % 10" N/m E 8]
(cyy) o ]
Stiffncss " 4] ]
(e 20107 N/m - R T S
- ——— e = ——] chaye of panmaters (%)
Permitlivity in Vacuum .
) 8854 107" F/m (b)
(o}
Inpu_l Impedance . 50!_). o ol a ]
Conslants Quput Impedance 5092 Y prmLivi
e e — R, . —&— stifiness R
Air Density 1.21 kg/m* g —+— density
Sound Velocity in = %1 )
343 m/sec 3
Atmosphere § a0+ i
-]
g = 1
Table 2. Conclusion of tendency. Analysis Lhrough simulation, “
{# insignilicant dependency} . - 1
Transmission Characleristics ® o o @ w0 »
- B 1 change of parameters (%)
Increment of ) ;
Design Center | Insertion —.dlﬂ —201.‘FB (©
|Frequency| Loss |Bandwidth|Bandwidth
Parameters —— )3
Length Decrease Incrtasg _[_)ccrease' I_)ecreasc 0 . :;.::s" k
Width Decrease | Decrease | Increase | I[ncrease E density
- R . w0 4
Filter Gap Decreasc’{ [ncrease | Decrease | Decrease =
S
Shape Plaichack |Decrease’ | Increase | Decrease” | Decrease® é &0 )
Factors I e
PZT thickness | Decrease | Decrease | Decrease | Necrease g an-
Coupling '
) Decrease’ | Tnerease | Decrease | Decrease
capacilance 40 E
. ) ’ © ® P ) w w
Piezaeteclric op o (%)
conslant Increase® | Decrease | Increase | Increase
)
(exy
— - Fig. 5 Variation of transtnission characterislics with change of
Permitlivity ) . . ial .
Material (ens/60) Stalsonary| Increase” |Decrease™ | Decrease matenal properties;
Properies . . {a} Varialion of center frequency,
P Stilfaess . (b} Variation of insertion loss,
Increase | Decrease | Decrease* | Decrease L. R
(cy3) (c) Varation of —3 dB bandwidth,
b . L _ ,
PZT density | Decrease | Decrease | Decrease | Decrease (d) Variation of —20 dB bandwidth.
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Fig. 6 Variation of transmission characteristics with the change
of coupling capacitance.
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Table 3. Measured values of material properties for a ceramic

filter.
Material Properlies Measured Value Unil
Sintering Densily {p) 187 gfem?
Longiludinal Acouslic Wave Velocily
4600 m/fsec
(v}
Relalive Permillivily (€3 /€q) 1260
Young's Modulus (E) 16X 10'¢ Newton/m?
Elec.-Mech Coupling Coefficient of v
Thickness Vibraling Mode (K} b ¢
Piczoclectric Conslanl {dy3) 180 X 10~ 2mfvolt
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Fig. 7 Expenimental transmission characicristics of a ceramic
filter with varicus electrode lenglh,(a)l=0.2mm, (b)l=
0.4mm, {¢)1=0.6mm.
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Fig- 8 Experimental transmission characteristics of a ceramic
filter with various electrade width ; (a)w = 0.5mm, (b)w=
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Fig. 9 Experimenlal transmission characleristics of a ceramic
filter with various electrode gap;{a}g=0.23mm, (b)g=
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Fig. 10 Experimental transmission characteristics of a ceramic
filter with various PZT thickness:{a)lpzr =0.21tmm, (b}
tpzr=0.25 mm, (¢} tpz7=0.26mm, (d) tpz1 =0.27mm.
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Fig. 11 Experimental transmission characteristics of a ceramic
filter with various coupling capacitance:(a}C = 5 pF,
{b), =30 pF, {c) .= 50 pF.
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Fig. 12 Transmission characteristics of experimentally manufa-
ctured 10.7 MHz pass band ceramic filter through
oplimization of design parameter.

Table 4. Expenimental tendency.Analysis for design parame-
ters.(* insignificant dependency)

Transmission
Characteristics| Center .
nsertion loss| Bandwidth
Increasement of lrequency
Design Parameters
Length Decrease Increase | Decrease
Width Decrease | Decreasc | Increasea”
Gap Decrease® | Increase | Decrease
PZT Thickness Decrease | Decrease | Decrease
Coupling Capactlance Decrease® | Increase® | Decrease

Table 5. Typical commercial specification of a 10.7 MHz cer-
amic filter. (Terminating Impedance : 3002)

~3 dB Bandwidth (kHz) 230 % 50

 -20dB Bandwidih (kHz) | 420~600
" satonLoss@®) | a~6 |
B SpurE_Altenuation {dB) —30_ h.j
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