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Electrical Characteristics of the High Power Piezoelectric Transformer
Using PSN-PZT system ceramics

Jn

Ol8, F FH, 2 IS, MENT, ABEUT

(Y. W. Lee, J. H. Yoo, K. H Yoon, H. S. Jung, S.J.Suh,]. S. Kim)
Abstract

In this paper, we investigated the structural, dielectric and piezoelectric  properties of
0.03Pb(Sb1Nby2)-0.97Pb(Zroass Tioss)0s + 0.5 wt% excess PbO + x wt% MnO (X = 0, 01, 03, 05 07
ceramics to develop the high-power piezoelectric transformer. The piezoelectric transformers with dimension
of 275%275%25[mm’] were fabricated and their electrical properties were measured. Maxima of piezoelectric
properties such as electro-mechanical coupling factor of 0534 and mechanical quality factor of 1487 were
obtained for the PSN-PZT with 0.3wt% MnO. Voltage step-up ratios of piezoelectric transformers at 500[ 2]
and no load were 0.78, 12.82, respectively. The maximum efficiency of piezoelectric transformer was 98.6% at
800[2]. While the 14W fluorescent lamp were driven by the piezoelectric transformer for more than 20{min],

increment of temperature in the piezoelectric transformer was 7[TC].

Key words(Z2 ®80]) : Dielectric and Piezoelectric properties, Piezoelectric transformer, Voitage

step—up ratio, efficiency

- gA Ed2EHE 4407 Bob TV, ARERY

LMOE A, AAAA 59 1 AVEOT BEA}E A

77 olRoigort dggsh A4 Az o

dd ER2ER7F S SR EN TR A 8o oy A o n&Y dH AR

A FE A 19571 C. E. Rosen %ol <& o] Awal LCD backlight® AWE S gt A4
BaTiOs& o] &3 AWy td EAAEv7t /A o2 H43r o2 yovt, LCD backlight
g olF FEHolM, BaTigs& A% ¢d Ed o AgHE FSTBL ANYY 2-4W] =
o 30-408) BEY sHElE 4& F Ul A FEo] JhsslAw nEFFPol aEHE HAFH
4317} o) FA A dstch 1Yt Jaffew[ilol 9 e z9717U A/D converter, 7FAMEHAR F
sl 7HwE Pb(Zr,Ti) O:;?%l HH Mz g o] 8§ om0 €8¢ YHME 1EY A ER2TH
7} dasit) ol E 1&%E 4H EW2INE 9

* Hlm'erf}E A7) & et g td Aelgae ¥& AT 52 PTEHEER
(F% AU ddg d2-1, Wl wAYA, S 549 98 9 Mg )
E-mail : juhyun57@venus.semyung.ac.kr) gol 7|AAR] HAE 5z & BAHEe] 3AH
o FRUS WA AL ADE oo} ri2] THBZ 1EY Y EA2ENE
wex S iEE MG ED T A kst HE}W“ A At 22 grain 2718
eeen A A7) FYATL vﬂs})ﬂ tEe wBAolU, grain 2717k Fobx]
20000 19 1290 ", 2000 39 169 AAbetE ™ grain 73741?:01 713t M BAE AHsHAlA]

286



Aot Wb 1E2Y hH ERATAE
&8 98 4 549 A3t glo] grain =7
Jﬁ:*]ﬂ?‘:‘ Aol wl§ F83%d, graine A7
7* Hz7E Xhg Agdags A
A Ed ZA7E grain 4% i:EJ 71] &}
lojok ste =4 B9 zvle B

1 Fotok o}k Sub-um HA718) 24 B2
247 A& graing 2= Al A
EfA o) [3] wetr], B Aoy B
2B 2710 E 8889 Pb(Sh;2Nbi2)OszA Ak
27} grain 4%E AAs=d anHolgn B
f\’_ C. Tapaonoil4]8] A7+ HAH}E o] &8l A
Zej 2] grain A7IE AA DEZ Yl
Pb(Sbl/szx/z)Os%l’%*] APb(SbysNby/2) 03~
Pb(Zr, TO; 34 EAE 718 z24o= g 1
2t Pb(Sb12Nb1»2)03-Pb(Zr, Ti)Oz 4] A Mgk
25 7IAA EFAAFY HolM gA EdAEH
2] *‘.’M 7l Yerg MnOE B&£EZ Hrbstd
2 %H B9 2 AHslglo]l MAH F2A
F7HA7) 22t st =3 nEE obd Eds
29 &8 1Y A =24 Addrg ¢
ERAEINE Adte] $9bd], 58, 2dE 5
& ZFAEAE, AW 35 HB5A Y #HUF
44 245t $87lE 4 S DB

OIIE
H

l:l 48 :‘; N e J}L rir _% oo to ol

=) mlm 2

noox 2 M 4y :40

2.4 ¥
2.1 AlElel B=x
2 d¥dMe thge 244 o 43E &

FPoz ANHES Azxsdch

Pb[ (Sb/5, Nby/2)0.03 — (Zrg 405, Tig 505)0.97]03
+0.5wt%excessPbO + xwt%MnO -(1)

q7]M, x = 0, 0.1, 0.3, 0.4, 0.5, 0.7°]t}. =4
e Mg FFF EuE 107g7A PRy a
Ol EE HAtwlE BUg Algstd 2447 FoF
£ EHT F dzxsd0 dz2d AEE g3
v =72 80Tl M 2413 Feb dhasket
a7t Bd AREE AR} F PVA Gwt% F
£ 5wt% H7Isld A7 21lmm] EUE
lton/enf]e] A HEE 7tete] AH¥stn Faly &%
300[C/h]12 st 1200[Clel A 2413 Zob A8
Atk 24" AEELS 54 248 98 1mm]
dvkstel UM oAEE EE&T 600
[CTlolA 1087 dxastdnt dZo] dAE 2]

=N

287

ANAA A8 =84 Vol. 13, No. 4, April 2000.

HE 100[T) 49&F &AM 30(kV/em]e] AA

0¥ B Arhstel BIach
22 &4 &1

SHE AT 2PAs GE £AAE BT
371 skl Fr1FolMS ARH BN A

Q T84t MnO H7te] u
& ZAS7] #iste XA 3A
A=154 A?l Cuka:% ALgsted 3"zt 20
°~80° Abeloll A AT} (3 MnO Hrbel at
& mATEE BAI) 98 22€E A¥EY B
Hg AdAvlsid 10% HCl o) Aol HF7F 3
7He BAdel A e ofYg st FAHA &
"|7§ (SEM, R] Lee Instruments)©. .8 33}

Ao 2R WE EAE =AY Y84
20 400[C1e] &= HHWeldd LCR meter
(ANDO AG-4304)2 1[kNzldlM A de=s =34
o FHANTE T34, Sawyer-Tower 322
olHIMg T U&”ﬁla Tage 44 &
Ag YeEhdie AZAZASASE AR EAAS
& IRE  TRI[56] ute}  Impedance
Analyzer(HP4194A)2 32 9 wgz Fuo4g5
FA 5o AbEslgch

23 o™ EdANoio HE Y EN &Y

¥ EWd2Eois Y 19
Dot-Ring¥ &ojvj, AWM A7)i= 275%275X
25[mm]el 3L, Diamond 2%¢ Dot Z71E 13X
1Blmm]2 HA" A= deen b Foj2EE
Zx st A 2slgch

AHE A3 (Dot A=H)E Diamond o2 &
HH EWAEY Fx2Ee AWy 1F REE olf
&= Aotk AWE AYNVAAGAT kot
Hog Holutdk AVNAADGAF ky But 27
el Zol} MF ZEF o|&3lE dH EW
2¥v 2o oYz HMP FEol 1 ¥R
g AX7] QE] FHR JuiAg o
oy 24-& 3te &Y AF 4 HAELE =¥
4= Qlry. gy A es SetulE A Ho
AEA 2 AU AE 2 45 A5 &
£ ¢H EWRA¥Y YAE A g 729
Ring-Dot 349l A$o+= g o AFo] =LA
HAGtE BE, & We 2AMa Bl Ui Fo}

Mzg =9

TR,

'1‘42 FE HEE ZA U o) AMstux
 ATelME WaAlY dA T2E Aoz AR



PSN-PZTH Mete 2§ o] 4% 183 U ER2Evje] A71H 84

= GHE FuAL AFol A BAsE
BEe zoowa Hue ¥ AY % FTLS
w3l2A 2% 19 & N2 2y 4d EW
A2EXH2 AT HAE st Azsgd.
(unit : mm)
27.5 Input
electrode
Output
electrode
ceramic
substrate

common electrode

a9 1. M2¢& Diamond dot-Ring¥ 3 Ed2%
el 7x

Fig. 1. Structure of new Diamond dot-Ring type
piezoelectric transformer

Function Laser
genarator temperature
{HP33120A) sensor
| [ L [ [ Load
JWT ) . |4 resistance (] Vout
Power amp. Piezoelectric
(Trek 50/750) transformer | | o B &
Fluorescent fout
1 lamp '
[ ]
\gn Oscilloscope
in (Tektronix TDS460A)

a9 2 4H EdaEoe FF UL FH A2¢
Fig. 2. Driving and measuring system for
piezoelectric transformer.

Az A
AE 0¥ T

Wwe S $goz 25kVemld A
Artetel EIAATY 4B AL

288

------ A8 FFU &3 BUS AYA P2

¥ojo] EA H7E A8 ¥ 29 ¢4H ERAY
o FE 9 & Axden Fagel R
0E 53 “l, EE, AAGe uE ¥y 9
ZyAYo] wE A ERAEvo BFe 3
EE HF %a Eac kg i=g 5_??} A &8 7}
53 14W(TH, 16mm) 835 & HEAA, €8 A
F, Ag 9 HEn &9 ﬁvr. Mg 9 Ay 54
& &4 |t

3. d8 & 3
3.1 MnO Holzkol g 7= o MM 54

MnO #7bgol g& AATZE A7) A&
o gae X H P8 2EEe 19 30 JEAE
d, 587 45° 229 (2003 0ol HE )
28 uesY ¥ay 9as BuHs Roe u
of WuAAL ARFEA Ao wA a#Y
2ejg mae] Zol ol el SuAAA
o] tha EAE AAA =AY 2Yo wasw,
MnO #7bol uiel WuA(c/a)el & WSt B
§%) ekshet

111)

g.’—'?
3=
=8 g

' l o h x=07
! l h x=03
| I ', x=00

B 0 0 @ P D
Diffraction angle [ 26 ]

Intencity [arb. unit]

[ E t(lw) 19

2

Y 3. MnO #7133 & XM 334 2
Fig. 3. X-ray diffraction patterns with the
addition amount of MnO

23 4% MnO A7 W& vAHFTZ2E 4E
W SEM Al o2, MnO H7tgo] Frlads=
grain 27)7F F718tbrt oA dasdte AgE v
el ek MnO 0.7wt% A 7te FAelA grain 2




17 A% AL n&FAE Y2 MnOs} grain

ZAN B s grain AEE AAFAY] HEL
2 Az" 7]

W f& 3 .55" ‘%:‘f&*}:"ﬂii

x3,0k 0280 2Gk\r 18un

x3.8k @281 20kV lﬂub

289

ANAA 458 =8A Vol. 13, No. 4, April 2000.

TS g b
M‘f!’."i“"“:* .rf-:‘-‘ -'.':'_.‘

"*'1_‘.__."‘" AR o

PC 7 O AN, . R
.‘. :q' '~:_ 'I_ e -‘ al "" ' -

ot ST o e o Y
Fa o AN ; @ .

x3.8k 0084 20kV 18wm -

2% 4. MnO 37 W& vla3 %
Fig. 4. Microstructure with the addition amount
of MnO

A
5¢

1y
vHER

MnO #Hrbgkel ua
Re g, #Hrtge] Zrgs
soirl 0.7wt% H7EA ARV 3 FohEch
A7t Fascizh Al b olE MnO 7t
gol 05wi%7} dol A nieAE 23§ Mn
o] LA %& 1 grain AA HAEHo] grain
arz|7t Aoty AEF F7A 7= ez HATH

x| WiE

g gl}_}; 7L}~

1

790 -,
o \
£ 7:85]
1 [ ]
=)
>7.801
a
[ ]
& 7.751 /
[
7.70 et
0100 01 02 03 04 05 06 07 08
MO [wt%]

¥ 5 MnO H7bzd @ 2k
Fig. 5 Density with the addition amount of MnO

MnO #H7tgo] we A2 &
do] 258 19 69 YEHAA T
g a2y 79 JehiA . MnO #vbeke] Frlgs
g Ade]l 228 HFAAFI HAHHD FAA
= Zylstm ok ol Mn' e]&o] PZTA A2

Fradsst 4
I, gAAe W



PSN-PZTA M2 ol 43 1&¥ ¢H ES23v9] A7)3 &Y

glaoj A HEzBAdlO|E T2 B-AYE LEH
A q4E 2 Aeato FAHAFHE FAE]

st H2FTE FESD, o] F2FFOl £9

He 239 #AaANA FALFE ASAT I,
FRAZ F7MA 7] R E BALH8]
390
©15001 @
Q 0
Q'“\' —e—T 1380
3 14001 o o ¢
8 —o—k T 1370
51300- o
0
1360
B [ )
%1200*
2 4350
11001 g
340

-0.1 0.0 01 0.2 03 04 05 06 0.7 0.8
MnO [wt%]
2% 6 MnO 3713 e fFddss el 2=
Fig. 6 Dielectric constant and curie temperature
with the addition amount of MnO

1204

Ec [kV/cm]
5
[ J

1004
®

31 G0 01 02 03 64 05 G6 07 08
MO [wi%]

2% 7 MnO H7tEe] W& 3dA

Fig. 7 Coercive field with the addition amount of

MnO

a9y 8& MnOel H7bake we ArIVAZR
Ag kps 71AH EFAASF QmE e Relth
Hrtel FAEFE kprt Fadn gled, Qm
& MnO 03wt%7tAe 4ol #Sol ZFsln
Ao 05wt 14 F7HA Qmeol #Axste AE
< YElY I 3tk MnOE B€EZ HAY 9 7
A EAAL Qmel 718t olfE MnO 7
of ueh PZTA AHauze 24 25 HYdA
Mn ©]&o] +37}2 &A1 Alexander[9]7F 2
g Awst o] Mn*ol&o] N#Eo Eojztel
uzl G4z ZALsle 2o 2dg P

290

''''''' oj#+ #7E &R e YA HEY

ANA ARBAT 7] GELE HhEn

055 " 1600
' o 1400
0.567 \o 1200
4y ®
W04~k o —e—q 1000,
xX m
0.521 \ 80¢°
0.501 . N ® Je00
0.48 / \ 400
0461 o . 1%
1o
044 M Al T T ¥ T T T
0.1 0.0 0.1 0.2 0.3 0.4 05 06 0.7 0.8
MnO [wi%!]

2y 8 MnO A7t w& A7 ZIAATAST kp
s} 71AR FAAST Qm
Fig. 8 Electromechanical coupling factor kp and

mechanical quality factor Qm  with the
addition amount of MnO
32 94X EfdAToe MY HM

WH EA=Trie) W74 HHE 1B 9

e} Fude Ry wEg v, &,
hAgtel wE Y ¢ YUY wE ¢A
Edx¥oje] ¢dd o 2% 44 & &3
o

oy 9 A3AE g EdxEve Foss
HaAge e dulE Jebd Heloh dHA
e 220[Vrms]elx, H&A3& 300, 500, 800
(2], 1kR], 25kR] £ FH3d o A& Hct
JH ERAINE YFE Hato] ALRIY] 9
Me FRe 500[R] BEoAe 5tH7t T8
e, ol 14W #3359 A9 HEAde FEal
9} o] & AEg YehhAg HF Fels 500
(] RxEz zolx]7] wFo|t} 14W HFFL H
SAAAGG 230[V], BE F €U 82AV], £¥
AF 172[mAle] BEE /A1 9emE ¢H E
Pr¥ojo] PRI FREA HGu) g <
1.0454, 500(L21e4e] &3n7E 0378 ojdog
A% & dAglol fch B AFodA Agd 4A
EJ2ETY FEFoLAMY FedE BRI
Al 29284, A 500[RlelMe  $hvl At
04084 HEg $E71F8 ZAoezx =2Ad. 19
108 ¢4 EdxTole] R3AYY BE TEE
el Zolth, 2o 800[e]d W HHYEE
986%% UEIHRIL, ol ¢d ENRAXdY &
Aok Adudagh HE dule o] A o F



of7] Moz 4zEth AW ¥35 S Fo
W29 50001 W) E&E 976%T ¢4
S4¢ vedsit

1o 2

1307
“ia0[%))

—o—500[£2]
J —aA— &D[Q]

e

'~
o

Voltage step-up ratio
0B
I
!
;

N
No—
A
L J

v
>
/

-
s

Y 9 Fokss FaAG] e )
Fig. 9 Voltage step—up ratio with frequency and
load resistance

/\.\.\o

Efficiency [%)]
R8Ly8ge s

1000 1500 2000 2500

Load resistance [ ]
a9 10 #aAge @ E 5§
Fig. 10 Efficiency with load resistance

500

o

a¥ 11 ¢A EWAAIXNE FAFgF N
TEIE FE, REAGE ABARLE o YA
ol e FHAHE vebd FHolth dF Mol
Z713tel wiel YA YPo] Frista glen, Rg
A3 800[R]1ANA &) ITIWIZHA ZA yehd
g = glg E£3 1&Hoey YA EWdAEY
TE5 el ol wdel ¥ 2 A5el Fa
A nAY 84022 Iy 120 ¢H EAAY
we] FRAFHFAA EHHMH e wdo 9

1o to

29

A7 A =82 Vol. 13, No. 4. April 2000.

LR 45 YR 2P F7Hgol
geb gdo] Frlstn oy, AEN LE FrR
AT7b 200C) olWe ¥eelq dehte #d¢
Aygdon B 4 Jouz 4W ¥BSS 7E
T 2ol g LE AS0T AP L A
o 9g Roloh

301 7" 300(%]
5002

_A._*Bm[g] A
B Y/ 7
[J

257
201

W

|—*—25 [kQ] A e
15 7
o /;/
101 /‘/
° /‘/
-
50 100 180 200 250 300 350

VoM
29 11 9dAge) e sy
Fig. 11 Output power with input voltage

30 4
e -0 | ,
25{ e - 500[Q ] S
5 | wou] /
] 207 - -v 1[Q] - : .
e - 25[Q) J v
': 15 " o sy,
[5) Eh
— 10 L I’y v
—
< ' o« * oy
5 [ 3 ] 3 : M
i —— "'./. M .
0 10 20 30 40
Pout [

a9 12 E¥d e & ¢y
Fig, 12 Heat generation with output power

39 132 4H EWA2EE ALEste 14W ¥
e ¢ ASAAE Wy Adeld "G
210(Vrms]& <A718t& W &3 dgo] 14.89[W]
2 ¥REE TEAMNIAC FESFA

E 1L ldwatt B SE FEFHAE o AT
713 54& vehd ok td EdxIo g
208 ol FEE YBFTE HEA 2E e
MC] A=A o o] F7HE A Fstonz A
TR AFHAE ¢ AUk



PSN-PZTH Mo A& o] 4% 149 ¢A EF2Xv9 74 &Y

¥ 1 ldwatt 835
Table 1 Electrical
transformer in driving 14W fluorescent lamp

TEA AAH 54

properties of piezoelectric

f Vin In |Vou Low Pou {4T efficiency
[kHz]| [V] | [mAl{ V]| ImA] | W] |[C]|  [%]
74 |210| 105 {856| 174 [149| 7 97.6

i
4.

,

£

29 13 4H EWAAEE HEE ldwatt B 5
Fig. 13. 14W fluorescent lamp(TS) driven by
piezoelectric transformer

4. d E

Pb(Sbyz,Nby2)ow(Zross, Tiose)oxOz  +  0.5wtde
excess PbO + x wt% MnO(x=0, 0.1, 0.3, 05, 0.7)
9 Aoz 4 % 4d BEHE ZAE FFe
&7 #Zo

1. MnO #H7t3el @& grain ZL7|E
05wt% o144 H7tA #ZHAsFch

2. 78 fEE RE ZAA 300[Cloldog v
Bygron, #AA4FE MnOY 7ol F7Hg
52 72sle 2A%E JEySIT.

3. AZIZVAARAS kpE MnO H7bFeo] F7t%
FE #isiged, 744 FHAAST Qme MnO
03wt%7} H7H® Aol 14872 7HR EL #
el gl

A A MnO
A e AT

F7tstet

= o

okl EHESE Z7he)

fl

o]4te] AFHE MnO 03wt¥% H7te Magxz

202

------- o847

S8, &8 A2 MR PAFA

3

dH Ed2EE Azt d7) 4
g A o3 g2 d34E AT

i
o
Ay
o

5 R Aol F/USFE Fohu

FRFRFAA SHE W,

w zhzb 12.82, 0.78u) 0] A i,
Badgte] wE &S

Ho 52&& vERAch

7. YA FAETE FHAYL FrMEAL

o dE A 350[VIlA 37(W]e e HHAE

Z7hsrg o,
e, 500(01

R EF,

800[ Q1Y W 986% =

98 F Aliiﬂ

B EAUAS WE gl A L8 $EE FY
% A3 0¥ ol FEA MTIZ 9 o4 F
7hatA} ekgkeh

9 g EWAENZ AL l4watt f’s‘%%%
TEF A% dEAYG 210[V], EEAYL 856[V],
#84% 174lmAl, &E4¥  148(W], &&

976%, €= 4% 7CIE 4% 34E Jedd
ct.

#Ate 2

g d7e @ERRAY Y7 EAFEANE
 No. 1999-1-302-004-3)¢] A7H|2 o]Fojxl A
oz AE ued, R £5§ FU A4A7)
FHATLONE FAE =YY

Hazs

[11 B. Jaffee R. S. Roth and S. Mazullo,
"Piezoelectric  Properties of Lead Zirconate
-Lead Titanate Solid-Solution Ceramic”, J.
Appl. Phys., Vol. 25, No. 6, pp. 809-810,
1954.
[2] Yasushi Kawamura and Hiromu Ohuchi,
"Electric properties of PbZr(Q; - PbTiOs -
Pb(Sb1oNby»2)0s Ceramics” . Jpn. J. Appl
Phys, vol. 33, pp. 5332-5335, 1994.
S. kudo, S. Tashiri and H. Igarashi,
"Oxygen-Atmosphere Firing of Piezoelectric
lead Zirconate Ceramics Substituted with
Lead Antimonate Niobate Having
Susmicron Particle  Sizes”, Jpn. J. Appl
Phys, vol. 34 pp. 5303-5305, 1995.
Chanin Tapaonoi, Shinjiro Tashiro and
Hideji lgarashi, "Piezoelectric properties of
Fine -grained Lead Zirconate Titanate

(3]

[4]



Ceramics Modified with Pb(Sb;2Nby»)", Jpn.
J. Appl Phys, vol. 33 pp. 5336-5340, 1994.

[5] EMAS-6001, H& HET#E T¥@, 1977

[6] EMAS-6003, HAK EFHE TS, 1977,

[7] R. B. Atkin and R. M. Fulrath, "Point
Defects and Sintering of Lead Zirconate
Titanate”, J. Am. Ceram. Soc., Vol. 54,
No. 5, pp. 265-270, 1971.

[8] J. O. Genter, P. Gerthsen, N. A. Schmidt and

R. E. Send, “Dielectric Losses in
Ferroelectric Ceramics Produced by
Domain-Wall Mobility”, J. Appl. Phys,,
Vol. 49, No. 8, pp. 4485-4489, 1978.

[91 Y. S. Ng and S. M. Alexander, “Structural

Studies of Manganese Stabilized Lead
Zirconate Titanate”, Ferroelectric, Vol. 51,
pp. 81-86, 1983.

293

A1 A A8 =84 Vol. 13. No. 4. April 2000.



	f: 


