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ABSTRACT

This thesis presents the designing piezoelectric transformer DC/DC converter for
switched-mode power supplies, where the magnetic transformer is replaced by piezoelectric
transformer. The switched circuit is working in zero voltage-switch and under with the optimal
load in order to obtain the high efficiency. The transfer function of power stage is defined by
Pspice and the controller circuit has 3 Poles, 2 Zeros. Test on designed prototype circuit shows

that the converter nas good output voltage reguration and high efficiency (R93%).
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A

Programing Analysis Gain For Piezoelectric Trnsformers

m:=10" > ni=10"" g 12 k= 10°
Parameters set
R = 15.24422 L = 26.9348%m C:= 114.258p
Cdl := 1.119211n Cd2:= 2.141935n N:= 1.216549539
Set Load
RLmin = 1 RLmax = 100000k fmpt = 100 n:= 1. fmpt
log RLmax)-n
frmpt
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n n
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2 227 \2 —
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o210" |-
fr
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100110°1-10"1-10°1-10°1-10"1 -10%
RL

n

Efficency at Resonance Frequency
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]
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1 10 w1100 et a0 10® 10’ 1add
RL
n
Frequency set
fimin = 80k fmax = 100k fmpt = 500 hi= 0. fimgt
- N (fmax - fimin)
fﬂ.' fmin ot h
Req = 100
[ v Ra |
| 3 = |
| (izen con)
! L 2efycoN| N ’ :
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‘ L\ll:[sthIN'} AN
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L(i-l- e cn) | AN ) |
Req:= 300
- | oy
(i2efs cizn?) N2
VRN
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Req = 800
1 Re
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A 1 Req
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Programing Impedence Analysis For Piezoelectric Tmsformers

R =8

Parameters set

L:= 26.93489m (C:= 114.258p

Cdl == 1.119211n Cd2:= 2.141935n N:= 1.216549539

Frequency set

fmin := 85k fmax:= 105k fmpt:= 100 h:= 1. fmpt
£ o Rk (fmax - Imm_;_
b fmpt
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- , RL 5 -
o) Y
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Programing Analysis For Piezoelectric Trnsformers PT_01

l"

-3 -9 -12 3
m:= 10 n= 10 p:=10 k=10

Parameters set

R:= 1524422 L:=2693489m <= 114.258p

Ccdl:=1.119211n Cd2:=2.141935n N:=1.216549539

Condition 1: Minimizing Dead Time for ZVS Condition

fmin := 88k fmax = 100k fpt = 100 n:= 1. fmp
fs = fmin+ Mn
n fmpt
Rl:= 800
Vi
Vin = 50 Req = iRl Vm = 2-Vin
8 r
Rin_ =R + Req
n

~
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n n (2zfs C) » N " \2 |
\ n/ lzn-t's N C2 1+ 2xfs Req‘Cdz;l |
\ n / \ n /
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Imnmn{q:mn)
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" 2 P "2
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/ 2
1 {2 u-fsn Req-(.’ql?.)
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2 2 Xin, )
Zy = [ (Ring)™ + Xin ) ¥ Rin, )

Cdl-Vin

tminln = I .
m_ sin wmu)

Condition 2: Maximumzing Dead Time for ZVS Condition
fmin = S8k fmax = 100k fmpt := 100 n:= 1. fmpt

(fmax - fmin) b

fmpt

fs_:= fmin +
n

Req

Nz.b i (Zx-fsnl:d;'-llm)zj

Rin_:= R +
n

9
’ W2
.\2 nfs Req Cd2’)

Xin_ = 2nfs L -
n n

1
(2 g.fsuc) (2 z-flnNz'Cd:}[ 1+ (2x-fsnRe€er2)2J

Xin\ 180
W = atan| —— -
n Rmn} n

Rl:= 500

Req

Rinln::R+ qT.- 2'|
N‘.;;_] + CmeandZ—ch) |

%
1 (Qx‘fsnReq-L‘dl ]—
,\'in!“:: Zx‘fsn[.ﬁ : :

26 C) 2
( *5<) (mesn.’*r-,—Cdl}ll +(27:-l‘snReq-C412) J

97



“(Xmln\‘, 180

W, = m"{mm »
n}
tmax_:= o 1 w1
no 360 hu lm:.ml.ll = ﬁ?ﬁ;
410 ° ‘ ; |
| ‘ 1
33310 ° , S
1 *
- | -
26710 ° § ; NP Ll
] — IulI'l-ll.ld-llo‘.l----lnnw
210 | e —
1 / ’p’.
¥ -’_.1 [
L l‘.,-,, ; e e |
MY 'I"
- F B |
6.67-10 ‘r
| |
. 4 4 4 4 ok 4 4
9.110 918100 927100 9350 94310 9.52.10 9.6-10



MANUIN V.

a v ﬂ; Vs S a ¢ 1
Nmmmmn"lﬂ UM IAWHNINBLINS

99



msUs uuomnnsnmomnssuﬁﬂnﬂﬂ Ason 27

0

a1d10nn: '1114\- 45
470
Tuhlhmau (PW)
¢ \)( ':? " ’}‘@ * >
- alannsaunama\n '(PE):

- mu:"){)'aﬁlﬁaouannuononssululm'l (GN)

11-12 waadnmeau 2547
IsvisulsWina s oofa ysulniu

didumssads:sulas
MASBIIAoNssUlWWA AruSAoNssumMans




101

o - '} ¢ = a e i 4
n15'munz"unﬂ:mﬂmnﬁmawanwim-lun-uaau]uiqmmnm ansulesnies

Measurement and Analysis Equivalent Circuit Parameters of Piezoelectric Transformers

o o
dszans war gy wuniani guare

MM AmINgsussuuRIunY ausdrnssunaad nazdnindtoded suazmn Tu Tades munn

anniumn Tu Tndnazenundud mumnsemnazils suunaninga vaniansls NTANAINNUAT 10520

Tne.(02) 3264221 Email sHO6700Rakmitl.ac.th

o i
unnages
4 z qo s x
il urustunsumsnassuon i miimed
voanssauyaveadeladidomnInnimdaiwed dronsiad
Admittance fimaidiwasnaeon Taul¥ lmpedance Analyzer uéimia
; 2 4
ﬂuqnﬁ'lﬂm’kﬂn:ﬁ'ﬁumnun Admitance Circle Measurement %3
dibfmwseAnounmnimeiaeg  vermsouaveaiulve
i

wanimmamdedind sanisdinowi i hineanslaoalSon
“a . -l - ad . s o -
disumiaaeuaueaananubue aile lamidnninniureiwoiia

- - -
fuvearansmyai 13 1duanimanoalndifivaiu

dvhany: AloTaddnminmawredmed msiined

Abstract
This paper presents a method for deriving the equivalent

lectric former. Based on the measured

circuit | of a pi

input and output admittance of the device, the parameler are calculated

by the admittance circle technique. The simulated frequency

of the equivalent circuit is found be cormresponding with the

messurement results confinning the validity of the caleulation method

Lumi
qumiaveadloTudiinninniweiweipli

TEonnasmequmninveutloTadidnminfiGuni1 Conversion

Piczoclectric Effect i) Piezoelectric Effect 594 aui

i "
i Aleladdnniomanedued

Wylasidnminna et muandoummu 148 waaesruyn
anwgili 1.2 Taudl &, L. ¢, dluwimiimesiiassvesmsiaun
a0 [1] C,. €, 1 Capacitance Makmiduaznisduesnauddy
N Aodnsimindougivomiinusinveadoledidanin

winaimed

1:N

Vi T Cul Cd:‘l' Y ou

i 1.2 nesmynveailoTadidominnsredued

nmiudloTddnmimmamiefwefinlfan (2. [3)
po o g
fudludsamaudmmiiiaeiang voanvauyavestolatidn
ninmswefived wdluilsgiuiigudadloTedidnnSansved
;
v P - o A e
wos i @i feynmni udmdninidesinsnunniiaieauay

- ¢ '
i I:HH\NTJJ"I‘I’UQO*QN\ n

2. myiammnilineivesrsesmuyaveailuTudidn
- I3 4
ninniuediuei
2.1 vanmada
Ammidwmedvearssrauyaveniloladidinnin

niwdesiued mwseiaunzdinnzd 18 lasd nonweinds

iirmuﬁ

Admitiance 01liznoudan Suscep uaz Condh
; - i 4 .

#199 Taoiam Admitance Fumadn Tuvasiidiumassngndni
1A 2.1 uozin Admitance Aumupenhuvazfidmmad

Qné’n-msmutﬂh: 22

msdszpAnimamadmng sl afafl 27 (BECON-27) 11-12 wasineu 2547 .

329

PEO6



102

2 2
R i C . w7 R x0T X X0 ()
v= + L )
I:N 5 P 2 x
y RY#OX =X ) x . m+x -x h
(. Cy L e
v.=C, .
T Y =G + j8 [#d]
® »
G =
d x . R ox 0t
'!1}“ 2.1 M33@ Admittance M3t i t
R L C u:¢n{l XX X0 (4}

1 Impedance ¥84 C, 1NNT1 Impedance 993 R, L, C uas ivun

ATATAYIND Series Resonance () = @), => X=X, Anowm G

uoz B AnTLE © = @, AMun G =G, BI(Y) =B,

9 2.2 113 Th Adminance naen

. (s)
9 sk e S Pt G B s
AMes A (Suseep C ) nidvn ™
miringmiwring e Taoldmneiin Admitance Circle Measurement
. . g =t (6)
2.2 aunsfinnades s
avrnidoTaddnmiamaniredmeda g 2.1 uos
A 22 anmndouasimuyan hlvesdloTedidnnionsmred Rl ox ot Xe, Xy %o m
4 H & & By =
mof ¥yl 23 Fumaamumaa hWfierde 18iai I
. By (8)
Lh B "

- < et ' A ‘o
nsanudidwniagaga (@) nazanuifidunishiga ,)

Y-GSy =

WP Susceptance AN 2.4

Q AD Mechanical Quality Factor

R
. )
* - - . s - L}
3 23 2avs sy Wlvesdly Tedidnndama wilodwed o= E o

vz dnrassdnmadmomaonn
WA M iieed L

(10

1
Q=W —
R

mdszqudnnmianiadaang sl At 27 (EECON-27) 11-12 HOATMEU 2547 1.
330




I
R —m—
(8} H® m L

Asand s bined ¢

I

o

.—h 12)
RC
s
& e O TN 13
R(w )?
s

2.3 M3HIAT Admittance Circle 1az3393muyavealloly

-

- oo 4 4
aiaam3nmauvlednied

Juspuiinile Ser1 6. B Al 21 unzqili 22 Taodaludw

AAAIOUARUAIILA Resonance woaiilnTafidin

- Lo 2 4
ninnsmroimeidnnieg Impedance Analyzer LOY

1 =
unndivunymamgii 2.4

3. monrinanesiarniimeiveisesauyoy

- - =3 o o
Bianninniuvleiiuei

103

patlols

manaaedldnasasimfloladidonianswvedmed

Wil Rosen Type 118§ PT112R0 - 01 14 Admitance Circle fimadh

4 4 d
AW 31 uazimenna gl 3.2

sl
1 @,
e s
P -~ -"‘. '\\
| / 3 N\
.’, /
/ '
ﬁ_k._ = . } W,
B‘ ‘:\' ' . .l".
| ‘\\ ~ /,‘
L S =
S~ N\~ G
e -
Gm
< )
71 2.4 Ad e Circle
s . . i
Sunnuitang: U 2.4 1841 G, . B, ARIwA Resonance (@ = )
HazNnAUMT (6). (8), (1), (13) annindou
R. C. L naz C, ¥90393imiadiunznisnonysanies
muyavoadlaTeddnninnaudedweluplii 2.1
naeii 2.2
Yunouiy: dAnownd N Wanounn

2
[TIH‘\= N Ly oom

;g
nmarimous: WsssmuyaveadloTadidnninns wrlofiued

10
Advitacy Cine
4
2 - T .
-~ \.
2 ' 9
\\
£,/ \
& A
3 ,
: B, =0.07786x10
50
w
. i
L A J'"‘ 1
N /
2 ._\ ) /.’ |
\-.h““ﬁq. gl "/
-3
1 2 3 1 5 5
Conductonte =107
G, =5T14x107
714 3.1 Admittance Circle marf
10 Admiltance Ciecle
1
/,—'-’"‘—-__\
o %
e ™.
{13 Vi hY
\
a4 / \
I3
i\
s 002 A
: i
g T B=0.003281X10"
ﬁcm\ f
o0} /
- \\
G406 ’ A
. -
i R -___‘_,,/"
1 ‘ p
o (3 ni 015 02 =10
Conducience
G =0.181x10"

717 3.2 Admittance Circle n1apen

N - -
i 1l on e suyaswveulleTadidomin

ninlndwndmwpli 33

msdszguinmimaamnisuTifh afafl 27 (BEECON-27) 11-12 noAimou 2547 uv.

331

PEO6



R=174991Q C=29.68pF L=0353H

C, = 251.9pF N=35234

€= 10.62pF
3107 3.3 mnimofuniraninamadom

4. HANINADNDY
winidianiveansimuyaveuTeTsdidaninms mded

wed Tiwmarounnugndeslammanouiasaninveoveusa

Auliihiimadsouduninoud - Resonance w0593 MuYya

nFomisuiidloTadidnminnsudesivedvi i Tnon 1 20ka naa

waluglii 4
Voi G
T e
5 i
f'\
I
% £ 3\
Ir 53X
/ .
¢ ik
é I A
3 N
/ \
/ ¢ \
Fl /t \ d
/ "
3 L 1 ~.
- 2 ——
4 ¢ d
ot . Y
W 12 4 6 @ W &2 5 % 8 @
Frequuency(kHT
i i 4
717 4 manRBUmIBIABA W
5. aq

A . - s a
msnanauien A I o ive e muynvealoTss
o« - LA Cd » -
wnmimmrudediues Tasldimatia Admitance Circle Measurement
-+ 3 - ‘1 a
Fohousednnamdmnidineddng versmnaveaiy
TadidnninmswladumduansnaansilidimmeanuBoudio
niesumindonwiusadyladdomInmmsinesuefsdafuvo

vymuyod 181 dnansmaanIndifnaiv

104

- a
AnfiniTnlszmn
miduitdndagaahi¥edida w1 un s somie

AumissioTanindonlfidnmaceumniamaliwesiog

guimnTuladTanzuas Jagoisnd Javovmmszquiiluadigan

o

w Tonril

enmIdsa

{1] San ben — Yaakov and Simon Lineykin, “Frequency Tracking to
power of piezoelectric HV conveners under load

variation”, IEEE Pesc 02. 2002 IEEE 33rd Annual, Volume: 2, pp23-27
June 2002,

[2] wuma v wundand yaaye, “matlseynd1Fouanailolad
@nninmamediue s whdmuusiadse, madszyuin
myma T afad 25, 2595 mi161-65.

[3) vuma WY wumienl JATE, “NIEBNIULIZULAILAL
g sswids thuuaiasdon Wil ladidminm wofund,

ardszguivinini i aisi 26, 2546

winhz@nd nowiy nsAnvssd@nlTygmiom
Fmnssuldfh s dinedoysii w2545
HagiudrFadnulussdulig g Initaoniu

maTuTadmizvomndudmamraanizi

A1 wimiani qamys ndnissdnfigymen
910 INSA de Lyon, France W 2535 flogifunily
s uilhzimmdndmessuzuunugu soniu
maluTainsgsomndumummsaanszia

msUszguinmimiadmns syl afafl 27 (EECON-27) 11-12 woaimou 2547w,

332



msdszaimmsmadmnssuluvi s 28
28" Electrical Engineering Conference

VolumelI

SYULAMIUANUIEATEIOR
alannsaiindiiay (PE
TWvhaae (PW)




106

- ¢ - P s g & ¢ ¢
msdmsiziminasfimnzmmesiolsdidonImsmvlades

Analysis Optimal Load of Piezoelectric Transformers

Ysziing wowny wunian gamss

MAR NN IUIEVUAARY AuzImNITumanad unzdninivodeanuazmea Tu Todasoume

anniuma TuTednszeeundudipamnsannizils DUUANDINTI AIANIZY ATIMWUMILAT 10520

03, (02)3264221 Emml s6067008 @lkmatl.ac.th

unAALo
unnwSiimuon i e Tnoafi o Tadidn
ainmamedwediaufiszAninngaga Taofamnines
avynveaToTadidandnns urewed unxlmindinedd14sn
FEn1sdalua3iei inawn Tndan] nndwous nlizdninm
vosioTuBrdnminna mesonifinawid Senes Resonant (@) mn
UsingiuiloTudid nniomsmremeiinlszAninmyeqna 04.8%)
Alvaanwnngauinuon 14 (Ry,,,~819€) unzminanoald
Pszdninm 93.1% ievmanimanosinlszAninmeiaiinaa

179 TunfS mufouiunisdnoaseoiuidism Indifivaiu

Ard ity (o Teddnni ams e fwed, DoDC Aounpiined

Abstract
This paper presents the analysis of an optmal load for a

prezoelectne transformer that gives maamum efficiency. The
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Abstract

This paper presents the controller designing of piezoelectric
Transformer based DC/DC  converter for switched-mode power

supplies, where the i fi is replaced by p

agr P

transformer. The transfer function of power stage is defined by PSpice
the controller circuit has 3 Poles, 2 Zeros. The experimental result is
used to verify the proposed model.
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