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Voltage Gain Characteristics of Piezoelectric Transformer Operating
in Second Thickness Extensional Vibration Mode
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Abstract

This paper presents a new structure for a piezoelectric transformer, operating in thickness extensional
vibration mode. Modified PbTiOs family ceramics were used for the piezoelectric transformer, because it was
a material with large anisotropy between elecromechanical coupling factors k. and k,. The size of piezoelectric
transformer was 20mm long, 20mm wide and 3.lmm thick. The second harmonic resonant frequency of
thickness extensional vibration mode was 1.72MHz at loading resistance 100[£2]. And Voltage gain of

piezoelectric ceramics showed 0.53 at resonant frequency of sencond thickness extensional vibration mode.
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Fig. 1. Piezoelectric ceramic transformer
construction.
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Fig. 2. Displacement and stress distribution of
piezoelectric transformer.
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Fig. 5. Admittance circle of piezoelectric
transformer.
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Table 2. Equivalent Circuit constant of Piezo-
electric Ceramic Transformer
2 AR
Ci 914pF
R 1052
C 97.37pF
L 80.77u¢H
) 719pF
N 0.85
or
D& -
as 4
=
O De 4
O
& na]
8
L oz
[ R
oo T L) T 1 T Ll T L T
] o «Q a -] Rl o) 12 14 1
Resistance[*? |
a3y 7. 2543y ¥l wE Ao gaingt
Fig. 7. Maximum voltage gain according to load
resistance.
a9 8lME A& A gaing gFE& Fue
B3te] wigte] wel 45 Bdtl R3le Fsbd] ul

FAFHEY F7HE @ + oW, Fah Aol



0049 4% gaino] folxE A7t HF Hh o]

T S7HEEAN 292 AAANEE 6o dvua

7t 50Q00 743 AVgr) WEele ArEY w3 B
3ol Z7tel 9 FARAEE G 1FERE o
FHE AL T AU E 30 AR M A
2% HU WY gand BTAEAFE LAY
g} Helate] £k

Q74

\ttiagegain
g 8

L T T T T T T T 1
14 15 16 17 18 19 20
FrequencyM-4
Oy 8. BaAE 2 Fufe we mE A

gain
Voltage gain according to frequency and
load resistance.

Fig. 8.

" 3 R A e FIF
gain

Table. 3. Resonance frequency and maximum
voltage gain according to load resistance.

shesh Aoy A

23 = 3 3 o] &

(@] |4t gain|Z2F 94 | A gain|FAF A+
5 0.07 1.71 0.05 1.8

10 0.055 1.72 0.097 1.8

30 0.282 1.72 0.236 18
50 0.326 1.73 0.328 18
100 0.532 1.75 0.48 1.85
150 0.576 1.8 0.59 19

5.4 &

FALY AFRER TEHE A A= E

859

A7 AR YR 8N =T Vol11, No.l0, October 1998,

WAAFOE AFEr] $3td ojide] &
(PbozeCao2e) [(CorzWis2doosTiose]lOs & AHE3te
Z5713 28 B8 Aol olEfH HdEFuE v
’5‘}"1 g 22 AFRE dATh

) 22 33 2=l oF L72MHzAA 7bg ¢e 9

A2 s A8 71 dUeH, 4% FA 3
F2& VR

) ANEdAd o3 Add AY gain 4EF
e vu3d gAsHt.

3) #atAEge Friel wal Ho AL gangte F
7hat ot

4) A Faee #7t S @t g Fot
5]9\15}.

£ AYdAe nFHMHz]E power supplyd

7tedE AN A AY gaind oy A7
< A sy 4dEH 48 iy F
Fo AgdxE ¢ 54FE nYystuz v, 2§
TEIZ AAE A AHFNA RAHE &4
Ay 2 AL FFE 2 FHY B2
& AF7t A&EHojof &1, ol EdE nFy
o] FEFHE switching power supplyd #AZ&
st xpgt,
e 2

o] =% & 1998dx ¥IZHA G AN AEI A

(FAWE : 981-0904-014-1)¢) ATn] Yo 3}

o AFHAFYT
68 2 g #

1. O. Ohnishi, H. Kishie, A. Iwamoto, Y. Sasaki,
T. Zaitsu, and T. Inoue, "Piezoelectric ceramic
transformer operating in thickness extensional
vibratin mode for power supply”, IEEE
Ultrasonics Symposium Proc., pp. 483~488,
1992.

2. T. Zaitsu, T. Inoue, O. Ohnishi, A. Iwamoto,
"2MHz power converter with piezoelectric
ceramic transformer”, IEEE INTELEC '92
Proc., pp.430~437, Oct. 1992.

3. S. Kawashima, O. Ohnishi, H. Hakamata, S.
Tagami, A. Fukuoka, T. Inoue, and S. Hirose,
"Third dorder longitudinal mode piezoelectric
ceramic transformer and its application to
high-voltage power inverter’, IEEE Inter-
national Ultrasonic Symposium Proc., Nov. 1994

4 % AY, % FE, & 84, & 38, F 949, &
A4, “Mn0O; 7l W& PbTiO:A Atd 29



274 A W% AFRER FHHE——PAY7, o|5E, FFY, 4UE, FA4Y

Tz, 2714 47, A7y =FA, Vol Funamentals, Vol. E79-A, No. 12. pp.2098~
44, No. 11. pp. 1488~1493, 1995. 2105, 1994.

5. O. Ohmishi, Y. Sasaki, T. Zaitsu, H. Kishie, T.
Inoue, "Piezoelectric Ceramic Transformer for
Power Supply Operating in  Thickness
Extensional Vibration Mode”, IEICE Trans.

6. WehzER), FWIEL, HA#,, “BMRsH 3=
BLEEBBFNS  20EREKE 24 v 5> 78
B~nBR", EFHEREELEE® Vol PER2-
68, No. 2, pp.25~31, 1993.



