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Electrical Characteristics of T5(28W) Fluorescent Lamp Ballast Circuit
using Piezoelectric Transformer

AR BREY, $UE AIA, 8L, wae UEM™
(Sangmo Hwang’, Juhyun Yoo', Lakhoon Hwang', Jurae Kim', Jail Hong”, Changyub Park’, Jongsun Kim'")

Abstract

Contour vibration mode piezoelectric transformers were designed and fabricated to the square plate
with size of 275 X275 X26mr using PNW-PMN-PZT ceramics. Electrical characteristics of the
piezoelectric transformer were investigated for fluorescent lamp ballast application. The electrical
properties and characteristic temperature rise were measured by oscilloscope and infrared temperature
sensor. A 28W fluorescent lamp was successfully driven by the fabricated transformers. The electronic
ballast using piezoelectric transformer showed an excellent output power of 28.85[W], efficiency of

86.3% and characteristic temperature rise of 15{C].
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Fig. 1. Structure of piezoelectric transformer.
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Table 1. Physical properties of PNW-PMN-PZT.

Density[g/cut] 7.68
Dielectric constant 1680
kp 0.523
Qm 1,814
Ec[kV/cm] 9.15
TclT] 272
Grain size[ym] 409
~20C ~80C[TCFr] (ppm/T) 88
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Fig. 2. Voltage step~up curve of piezoelectric
transformer.
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Fig. 3. Fabricated ballast circuit.
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Fig. 5. Boost converter.

o} wd @ AWE (Inverter) 3 2%/ GHERAEY
@ gz y

AALd A= A 2715 E Aoy
of weld A4 Elgidez FEHEH E Ay
Ar e eeid S H&3td AMR3ch Eleld I3
W2 [CE o] &% 2oz U FuFy F
ANY L TWEFE oz Y9 FzE 1Y
63 Zrh o] WAL Yx whd Z7)Me] FY L, C
9 FAMFEG & FuFr FAAN L, HR F
AHeoe FULg HIAPgozA YyFyzo) et
dEd 7H8AE 4Y9EE Y T US B oy
g, YAEP2Eod el FY(damage) T =}
el €04 Hed 4% FE(noise)& SYLEAN
Y 2E YE(CF: Crest Facton)®} 3123 4J§

739



J. KIEEME Vol. 14, No. 9, September 2001.

(THD: Total Harmonic Distortion)€ %% +
ABE AJA "o
@ IHEE dHAERAEH

AFE AFHYE 700D olde Tz W
&3 3tx B | (Half Bridge) W4¢] 328 48
oA 29944 AFAGE H48E £
o 29 ANY &£4e 293 FH5d v HEA
Hed ole R nFENE FEIord HoA
FAZAM ol& A7 AT WyPer AslE Ao
28 e R AgFNYes A¥FPeoess HF
o e AETY Hez HPA ez A9F
A& HAY 5 A =7 FH2 ALY A9
3 AT EdX2HED AT J9(S0A)9
Ha NZAe] & MOSFETE Alg§tozr 29
Aol o &HE FY F Yo WY Lo F
7t AlFe WTFAEE Y Uk &, 29 64
8 F A9 294% MIHVGH M2(LVG)7F g
2/20E VEIEE oM uFHLE AU 1
QS wAEA ¥k MOSFETS 2/2% 3%
Qt 2o QIZbEE Hste] FASE e 2As
A HE 2AAY &£Ho] AR, Azte] AEH
27t F7MEEE olF HIorwt dli=d ol& 9
A1z Aol "asid,

L-C AEFA2E S7H8 Cg Ad dAHE
d2Xojel QAEY LE TAHALG AHEHY &
Y A3e FAYEE Aoz FER FHHE
e R, olgA oA 293 £4& Folm
Ag&E &Y # UA Ak

Ad TR o wid HYLS YHEJLE
of Q7tSIAH, YHEW2EDY 13 && 74
X AFE W3t 23 Fo] AYE FrIge=M Y
BYx] WA FF] At AYE A3 F
A Aok olm 4AH EFAXUE 1 E3 21 &
o] ddEe] glenz FHFYPZ 29 2F o] =R
o UAE AgE HAY 5 U

=
=

i

pd
Mﬂ ‘*}
o MOSFET

a8 6 3tZHEA UABEH 782,
Fig. 6. Half bridge inverter circuit.
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Table 2. Characteristics of fabricated Piezoelectric
transformer.
fr 76.4[ Kk}
fa 79{dk)
Zr 14.4[Q]
g2 Za 150[kQ]
cin 254[“.F]
Qm 880
Kest 0.25
f 73.30kdk]
fa 790kik]
Zr 125(Q]
Za 254[ke]
% a %’_ Cout 136[HF]
Qum. 919
Kett 0.37
Zout 1,597

85 90

&i) i
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Fig. 7. Impedance curve of Piezoelectric transtormer.
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Table 3. Vanation of input and output current,

voltage of piezoelectric transformer as

a function of frequency.

:: 3

Frequency’ | ¢ w1 | oAl | VeulV1 | LouloA]
(k]
81.5 282.2 339.2 161.6 1171
81 2792 | 3379 | 1890 | 1355
80.5 282.0 3375 188.1 138.4
80 2763 | 3233 | 1855 | 1472
795 273.1 3178 184.7 156.7
79 2772 317.0 1844 1629
785 276.3 3144 182.3 165.6
78 2738 | 3062 | 1843 | 1582
77.5 1676 1781 | 1970 120.1
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Table 4. Driving characteristics of piezoelectric
transformer(using ballast circuit).

falkiz) 79.17
Vial[V] 105.1
Tin[mAl 3374
Pin[W] 33.43
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PoutlW] 28.85
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4TITC] 15

O 1. fAEAA¥0y FAd FFTF A7
2 HE59 TH28W) ¥4F.
Fig. 11. Lit fluorescent lamp by the ballast

circuit using piezoelectric transformer.
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