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Electrical Properties of Multilayer Piezoelectric Transformer
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Abstract

A multilayer piezoelectric transformer (MPT) which generates a high voltage dc power with low
driving voltage and high voltage setup ratio was made by the tape casting method. The measured
electrical characteristics of the MPT agreed with the results simulated from the equivalent circuit of
the MPT. With increasing the number of layer in the MPT, the resonance curve of the input
current revealed an asymmetry due to the increasing input capacitance, while that of output dc
voltages revealed symmetry. The MPT which has very thin layer was excellently characterized as
low driving voltage and high voltage setup ratio. The output dc voltage is nonlinearly influenced by

the number of layer in the MPT.
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Fig. 1. Equivalent circuit of piezoelectric trans-

former.
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Table 1. Property constants of single and

multilayer piezoelectric transformer.

| number of layers single | k layers |
resonance frequency f f
input capacitor Ci k G
output capacitor Cz k C
equivalent resistor Rm Rm / k
equivalent capacitor Cm k Cn
equivalent inductor L In/k
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Table. 2. Equivalent circuit constants of piez-
oelectric transformer.
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Fig. 2. Frequency characteristics as a function
of the number of layers.
(a) input current, (b) phase, (c) voltage

setup ratio(Vde/Vrms).

ELEPEREEE

0.02} (a) :.":
g (k] i
o slal :
Sooi— " /i
o ._mMH#// i//”fﬂm
L 1[nF] ._\_(—""
0 - S
1 1.02 1.04 1.06
Frequency[Hz] X 105
- 100 f?
sol ® ES
5inkl —’:', ..
> .

Phase[deg]
(=]

-50¢ i
Iln[;]!_,)\/
-100 : ;
1 1.02 1.04 1.06
Frequency[Hz] « 105
1000
(c) N
2 goof - L
o N
3 o0}
2 .
3 400 :
pu s
S 200__//
0 .
1 1.02 1.04 1.06
Frequency[Hz] 5
x 10
38 3 AL P e Fagsy (@)9 9

AF, YA, © S¢m).
Fig. 3.
of input capacitance.

Frequency characteristics as a function

(@) input current, (b) phase, (c) voltage

setup ratio(Vde/Vrms).
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¥ 3. PZT slurry®e ZA4.
Table 3. Composition of PZT slurry
Component Role Fraction
[wt%]
PZT ceramic 89.0
poly vinyl butyral binder 6.0
polyethylen glycol 400| plasticizer 2.0
dibutyl phthalate plasticizer 2.0
glycerol triolete deflocculant 1.0
solvent proper
quantity
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Fig. 4. Structure and cross section of mulﬁlayer
piezoelectric transformer.
(a) structure, (b) section of MPT with
internal electrode.
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Table. 4. Piezoelectric constants of sheet sample.
ts | kan | st [mY/N] | dat [m/V] | ga1 (VoNl{ Qm
2821 020 | 112 x 102 | 85 x 10 7| 111 x 10° | 1322
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Fig. 5. Measuring circuits of piezoelectric

transformer with rectifying circuit.
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