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Effect of Poling Field on Electrical Characteristics of
Piezoelectric Ceramics for DC-DC Converter
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Abstract

(PbCa) (TiMnSb)O, family ceramics with large anisotropy were manufactured. The structural, electri-
cal and piezoelectric properties of the ceramics were investigated. A new structure for a piezoelectric
transformer, operating in thickness extensional vibration mode was fabricated, The electro-mechanical
coupling coefficients, k, of 53.6% and k, of 4.5%, which give rise to large anisotropic property, k/k,,
were obtained from the specimen sintered at 1270%C. Piezoelectric transformer was fabricated that is 20
mm long, 20mm wide and 3.1mm thick. Resonant frequency of second thickness extensional vibration mode
of the piezoelectric transformer are 1,417 and 1.428ww at loading resistance 502 and 1002, respectively,
And maximum voltage gain of piezoelectric ceramics is showed 0.997 and 1.365 at resonant frequency of
second thickness extensional vibration mode at loading resistance 508 and 1002, respectively.
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Mg ZT 2R
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A7 71 Ad gAF(k,) 0.536
A7171 A B AT (k) 0.0695
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grain size 3um
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Table 2. Ng¥ (%) as a function of poling field.
Pro. , o
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3.0 1.1509433 | 3.3207547 23.36
4.0 1.1509433 | 3.360902 23.98
5.0 1.1509433 | 3.9298245 26.23
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Table 3. Characteristics as a function of pol-
ing field and poling time.

Time| 308 #3 LS = 247 B2

E Pro. dy; ds dy
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(kV/m] SN | e | | e

1.0 294 | 351 | 299|361 | 302 | 328
15 38.7 | 51.4 | 42.6 | 514 139.44 | 487
2.0 4094 | 54.4 | 46.05) 55 15007 | 55.6
2.5 4785 | 59 | 48.6 | 60.3 |50.23 | 59.3
3.0 48.3 | 60.5 | 48.78| 63 |47.65 | 61.3
40 518 | 65 [53.27| 63 5367|644
5.0 5548 | 65 |53.99( 63 |53.64 | 64.2
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Table 4. Resonance frequency and maximum volt-
age gain according to load resistance

A(2) A5 % (MHz) Hgtol 5
5 1.408 0.428
10 1.408 0.798
20 1.409 0.778
30 1.409 0.893
50 1.417 0.997
100 1.428 1.365
4. d =

Eca:floﬂ}"} T":‘(Pbojscao_“) [Tio,gs(Mn }Sb })0_04] 03



DC-DC AME§ 8 Aetge] E3HAA o4& A7 54

Aztelg Azstel 84 L GARHE ZASR LR,

B¢ ¥3

WAl e S48 YES ) AN Fo%

FUFEER T3 43 WAV & AFste 29
VY 54 g oE 2L FEL U
(1) FAd5 (/e )7 192, DE(g/ar)E 6.9, A

(2)

(3)

(4)

AAAZEAS k7t 0.045, k= 0.536, 73
257} 275CE vehiT

E2AAE gAA 39 o)) A (4kV/m)
7t Ay, BEIANNE 8 GEe U g
& ek,

FAZEY A Wdr)e FHLd g e
A2EANE £35S dsd &3¢ 49 2
a2 F3 1.41 MHz(R=9.492)9A FAA8
o] A42 Hlon, /M 4% 4L el
Ak, TR YHESE dEEe 2 Aax
AY 72L& BN A

502004 FRFI4 1,417 MHz Aol 5ol
0.997°1em, 100Q14 FAFS 1.428
MHz, Age])Sol 1.3658 et}

=]

[1] O. Ohnishi, H. Kishie, A. Iwamoto, Y. Sasaki,

T. Zaitsu and T. Inoue, “Piezoelectric ceramic
transformer operating in thickness extensional
vibration mode for power supply”, IEEE
Ultrasonic Symp. Proc., pp. 483-488, 1992,

{2] T. Zaitsu, T. Inoue, O. Ohnishi, A. Iwamoto,

1138

(3]

(4]

(5]

(6]

(7]

(8]

........ dlE, AR, o433, TAY,

CES

“2MHz power converter with piezoelectric
ceramic transformer”, IEEE INTELEC ’92
Proc., pp. 430-437, Oct, 1992.

S. Kawashima, O. Ohnishi, H. Hakamata, S.
Tagami, A. Fukuoka, T, Inoue, and S.
Hirose, “Third order longitudinal mode piezo-
electric ceramic transformer and its applica-
IEEE
Int, Ultrasonic Symposium Proc., Nov. 1994,
K%, BILEE, BERWR, TERHHED % A
M LU HEEHREr T v &7, FEEH,
US92-20, 1992,

H O, WS, NBEE, R Kok,
WERT =", BE R 7 v A v oS- 2P,
NEC ##, Vol 47, pp. 106~110, 19%4.
Y, F58, 84, #28, A, 92
4, “MnO, H7io] w& PbLTIOA Alghex
o] ¥, 714 54", A8 =8
A], Vol. 44, No. 11, pp. 1488~1493, 1995,

J. H Yoo, S. H. Lee, Y. H Jeong, C, Y.
Park, “Voltage Gain Characteristics of
Piezoelectric Transformer Using PbTiO,
System Ceramics” (Sensor & Actuatore] 99
d 1.119} accept).

L. Pardo, et. al. “Role of 90° Domain on the
Electromechanical Anisotropy of Ca Modified
PbTiO; Ceramics”, Ferroelectrics, Vol. 94, p.
189, 1989,

tion to high-voltage power inverter”,



