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Programing Analysis Gain For Piezoelectric Trnsformers
PT_01

Parameters set

R = 1524422 L := 26.93489m 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

BE g

Resonant Frequency

2. 2.4 2

A =L°C'N'+ 2L-C-N4-C<122-(RL")2 N 2L-C2-Nzcd2-(RLn) +N4Cd24(RL")4+ 2042°. (RLH)4C-N2+ Cdzz(RL")4C2

on J 2L C-|:—L-C-N2+ NZCGZZ(RLH)Z = CdZ-(RLn)Z-C & J?n }

n 4rnL-C-N- Cd2-RLn

—9110" 7|

1 10 1001-1031-1041-1051~1061-1071-108
RL

n

Efficency at Resonance Frequency

1

[



1100 10t
n
Frequency set
fmin := 80k fmax := 100k fmpt = 500 h:= 0. fmpt
fi = fmin + = fon).
fmpt
Req = 100
SR
(i»mesh»Cdz»Nz) N [ i }
1 i (E\ (i-Z-n-fsh-Cdl)
(irZ-xIsherZ‘Nz) N
Av0l, :=N-
X 1 Re
(i- z-n-fsh-CdzNz) N ;

1 _|,(Reu
(iv2~ nfy Cd2»N2) )

+[(i~2~1r-f5h'L)* (i.zAz-lfSh'C) u(} {(’

»2-7t~fsh»cdl)

Req:= 300
1 Req
1 (Req) '[(i-z-n.fsﬁcm)]
(i~2~n-rsh.cd2.nz) [NZ )
AvQy =N ; - qu } w
%)+ (%}J + [(i.z.n.fﬁ,-l-) + (i‘z;:,lfsh‘c) + R]J-[ (i-2~x~flsh-ca1)]

)
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Req:= 800
& _Re
(i-l-n-fsh-CdZ-sz N )
1 +(@\ [(i.z.n-fsh.cmﬂ
(i-z-n-fsh-CdZNz) N )
Av03, =N
h 1 ‘Reg

k( :h NZ):[)Jr (E\ +|:(i-2-7t-fsh-L)+ (i-2-1|:-fsh~C) +R} -|:(i-2-7c-fsh-cd1)}

i-2:7-f, -Cd2- N )

Req:= 1k
1 Re
(i-2-1t-fsh~Cd2-N2) N ;
N T (@\ .|:(i-2-7t-fsh-cd1)}
(i- 285, Ca: ) N?)
AV, =N — =
(i-z-n-fsh-CdZ-Nz) N2 | 1 ,
’7;—‘ % [E\) # |:(1-2.7E-fsh.L) % (1'.2- n.fsh.c) * R} |:(1 2~Tl:-fsh~Cd1)}
Mi-z-qc-fsh- caz-szJ )
2

Amplitude

8~104 85 ~104 9-104 95 -104 1-105
frequeny
...... 300
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Programing Impedence Analysis For Piezoelectric Trnsformers

m=10 ° n=10 ° e k:=10°

Parameters set

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

Cdl := 1.119211n Cd2 := 2.141935n  N:= 1.216549539
Frequency set
fmin := 85k fmax := 105k fmpt := 100 h:= 1. fmpt

fmax — fmi
Y L S L LU
fmpt

RL := 100

==
|

(i27tf -Cd2- )

1 i w ¢ oo J-[(i.z.,t.ihm)}
G| 15 _J

)
)

Zlnh.: E
[ (12nf Cd2N2 N }

Mlznf Cd2N2) {

RL = 300

1 1

I

=
|| o]

i, B e
12 st c) } (i-Z-n-fh-Cdl)

1

1

i-2-7c-fh-Cdl)

|

Zmlh =

\ 1
/] B
1

!  RL
i-2.m.£, -Cd2- ) N

§ [(i-Z-W'fh'L) ¥ (1.2.n1-f <) ' R} ) (

ficz
u{lm N [%)J

1

i-2-n-fh-Cdl)
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RL := 800

o 3 &k
(12nf -Cd2- )NZ i

.t &
H Nz c l 1
H( (& ‘ lznf L 12nf c) } " (i-2-7c-fh-Cdl)
L12nf Cd2N2) N |

RL := 1k
N T
(i-z-n-fh-CdZ ) N | ; _ ;
{%} C:E\ {(1.2%%&% (i-z-n-fh-c) +R_ .|:(j.2.n.fh.Cdl)j|
- ” (127:f Cd2 ) ) )
i2.7f,-Cd2- NZ) ? | : 1
i ] e i
i-2-m- f -Cd2- )
atan[ Im(Z%Hh) \ 1
- Re(th))
(Im(zmlh)\
atan - .180
. LRe(anlh))
atan{lm(zfnZh)\ 180
—_ Re(Zmzh) )
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Programing Analysis For Piezoelectric Trnsformers PT_01

-3 -9 ~12
m:= 10 fg= 10 p:=10

Parameters set

R:=1524422 L:=26.93489m Cc:=114.258p

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

Condition 1: Minimizing Dead Time for ZVS Condition

fmin := 88k fmax = 100k fmpt = 100 n:= 1. fropt

fs = fmin + (fmax — fmin)

fmpt
RI1:= 800
Vin:= 50 Req = Ir Vm = B
8 T
Rin_ =R+ Req
R [1 2 2}
. +( ﬂ:<fsncd2-Req>

(27\:-fsnReq- Cdz) A

1
(2n55,€) B [27:. fanz-Cdzj'[l s (zn.fsnReq.Cdl)Q}

Xin_= 2nfs L —
n n

. A2 o A2 Xinn\
Z A= (Rm) +(Xm) ym_ = atan| —;
n n, n, n Rm)
n
Vm
Im =
n Zz
n
Cd1-Vin

tminn = = -
m sin{ym

Rl:= 500
n
Req:= —RI
eq g

Re
Rin =R+ al

Nz-[l + (27r-fsncd2-Req)2:|

(Zn-fsnReq» CdZ) 2

Xin = 2mfs L — -
T (21:-1'5 C) 2 2
u 21:-fan -CdZ)- 14 (ZTE-fSnREquZ)
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5 Xinn\
z, = |(Rin)" + (Xin) L e
n)
Im = Y™
n"Z
n
cdl-Vin

tminln = W

Condition 2: Maximumzing Dead Time for ZVS Condition
fmin = 88k fmax = 100k fmpt := 100 n:= 1. fmpt

fs = fimin 4+ fmax — fmin)
n fmpt

RI1:= 800

n
Req= —RI
8

Req

NZ.[l + (Zn-fsncdz-Req)z}

Rin =R+
n

, (Zﬂ:-fsnReq- CdZ) 2

(zn'fsnc> 7 (27:4fan2'Cd2j»|:l + (2n<fSnRCQ' Cdl)z}

Xin = 2n-fs L —
n n

Xinn\ 180

= atan| &
Y [Rin } T
n

Rl:= 500

Req:= —RI
B

Req

Rinl =R+
! A [1 2 2}
N1+ ( L2 fsn cd2»Req)

2
1 (2n<fs RequZ)
' n
Xinl = Zn-fsnL = o

) (ans P 1+ (st )’




410 ¢
333.10 °
26710 ° ",f’ﬂ
...n.oo--oc-ou-.oc-ool.o-o..old_@anm"
2_10‘6 /, /
J'/’
133-10 ° o
: ',
6.67-10 '
0

91-10" o110t 92710 93510 94310

95210 9610

98



99

mmsﬁﬁuﬁmmma

HANUIN U.

Av A Y
NauIdeN 1A



nsus:su3sInIsnndAonssulwia ASon 27

275 F|

50 “qogiqnssuTulﬁh (GN)

&
K
‘

11-12 wnadmeau 2547
IsolsulsWina s1 ©ofa youlinu

didumsdaus:sulas

MAIBIDANSSUIWWA ANUSAONSSUAEQS



101

@ a J a ¢ = as a d ¢
ms:mam:;Mﬂﬂ:;wn1vn'immawm3wsamgammnﬂaimmanmnmmﬂasmai

Measurement and Analysis Equivalent Circuit Parameters of Piezoelectric Transformers
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Abstract
This paper presents a method for deriving the equivalent
circuit parameters of a piezoelectric transformer. Based on the measured
input and output admittance of the device, the parameter are calculated
by the admittance circle technique. The simulated frequency response
of the equivalent circuit is found be corresponding with the

measurement results confirming the validity of the calculation method.
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Abstract

This paper presents the analysis of an optimal load for a
plezoelectric  transformer that gives maximum efficiency. The
calculation is based on the equivalent circuit, whose parameters were
determined from the technique in [1]. It is calculated that at the series
resonant frequency the piezoelectric transformer exhibits the maximum
efficiency (94.8%) when the load RLM—SISJQ. This corresponds well
with the experimental result where the maximum efficiency is measured
to be 93.1%. The calculated and measured efficiency also agree well at

other load values.

Keywords: Piezoelectric Transformer DC/DC Converter
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Abstract

This paper presents the 11 designil of pi 1

Transformer based DC/DC  converter for switched-mode power
supplies, where the magnetic transformer is replaced by piezoelectric
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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