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A Resonant-type Step—up DC/DC Converters with Piezoelectric Transducers
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ABSTRACT

In this paper, a magnetic-less dc-dc switching converter realizing an integrable power conversion system is
described. Instead of magnetic devices, the inductive impedance range of piezoelectric transducers is utilized to
store and resonate the energy for soft-switching. Piezoelectric devices have no windings and deliver the power
by the electrodes, which lead to mass product through semiconductor-manufacturing process. This paper
presents a resonant-type step-up dc-dc power converter employing a disk-type piezoelectric transducer,
analyzing the operation principles and the frequency control characteristics. Also, a topology extension of the
single stage converter into cascaded multi-stage is presented and analyzed with the operation principles and
control characteristics. For verification of the analysis, a 10W output dc-dc power converter hardware was
implemented. The hardware experiments shows a good frequency control and power efficiency greater than 96%
in the single stage. A hardware prototype of the extended multi-stage one was also realized and tested. The
results shows that the converter has the same frequency control performance and high efficiency such as 93%.

Key Words : Piezoelectric transducer, Integrable converter, Step—up, Resonant converter, Magnetic-less
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Fig. 12 Main waveform of the proposed converter hardware
(S2: AR|X| HO|EAIS, Vs: AR M, VD:
Clo|2E M, IL YMHEF)

SR
(kHz)
A
oal —@— Po=1W
ol L HOIE} i e
L7 —A— Po=10W
80
78
76 —
74 -
.
70 —
68 -
| | | | | | | | |
50 55 60 65 70 75 80 85 90 SUBAMLHV)
2 182 167 154 143 133 125 118 111 HLYOIS

O 13 &A™ ZHEel ez Mot 2 Fstof wE
SAF Il Hg)

Fig. 13 Switching frequency comparison of the piezoelectric
DC/DC converters according to the input and load
variations

AFTERTG £ goolnz, el Fhe

e} QEE ol5g Wi flete Fa5t Frbeke

AL & 5 Ak ¥as WA 10WAA asse

s, ¥ah 24% FUFEAET} dopE A4S &

A 5 k. BRAE Fog Aojwoz A

o7} olel gz oAurdel AuE g AR A5

3 dad Al burst REZ FAAAT T

T 5 ek

S8(%)
A
100~
96
94 -
2+
90
88 (-
86 - —.— Po=1W
84 _._ Po = 5W
'\ —A— Po=10W
82 - \
\
~_ \
T N
50 55 60 65 70 75 80 85 90 UFA(V)
2 182 167 154 143 133 125 118 111 ®YAOIS
8 14 2™ ZAEe] Mt Fstol| E 289 Wat
Fig. 14 Efficiency comparison of the piezoelectric DC/DC
converters according to the input and load
variations
=n4
(kHz)
A
84 Aot} Po = 1W
82 — —— Po=5W
80 - —A— Po=10W
78—
76
74+
2
70 -
68 -
\ \ \ \ \ \ \ \ | p
35 40 45 50 55 60 65 70 75 ABEOH(V)

a

Fig. 15

286 2.50 222 2.00

1.82 1.67 1.54 143 133 H20IS

2 15 26k M UM 7IH{EC U3 MY U L3

mE SaFmel ws

Switching frequency comparison of the cascaded
piezoelectric converters according to the
input and load variations

a9 Ul JEAY 2 FehuEd e s
s ezt vt qlek elSel olgA FA=A 2



2009%F 104

i

o
)

WETEE GGt B146 #5

352

Ml

5.

AHE A

o
lis

bl 43t 7t

3]

I DC/DC 7HE 3=

3
L

s °%

RLES g

)

[e)
o

ol 39 7

Fo] 1.33 (75V &) 71A] o)

9

Al

2.86 (35V d=)ollA A2

7}kl

=
¢}

s

T 2

Z

AnE e} o}

0]3
= 5

o

T of
2y
o &

™ 7B
T 55N
R
of % °F
el yL
Now o
Ty
s o 1@
‘mﬁl el o

110 ‘um_l
oy m R
™ o y

B )
o
= ) M
A= R T
4k o
Mo or
T2 T
™= W
iy
s F
= %
o
- o
A
T o
o5 9
&
% W oy

" R
0
w
wm N o
o ﬂoﬁ
42w
R
N oF o
° oy O
pir S
T o .
= ol
O o
= o B

.
on
</

T

—_
1o

Nlo
T

ojp

W F R AW oA A
du.%aw%ﬂuémpl%
A_Euuﬂﬂﬁmnu%
;m,ﬁﬂ_rﬂ ~— 0
ﬂulﬂ.ﬂo_e,.‘muoEOH‘olLﬂ
X ogﬂ_ﬁdvﬂv
flldﬂ.ﬁ jariy iy
2 ofyy ™ o o T
oy 5 T i1 F e o gy
ot owMz]ﬁﬂoEwﬂ_m:l
ﬂwg_& ﬂADﬂT7ﬂ-
E9oTof@|%%o
EOTﬁOﬁOmEH&LﬂﬁlMﬂ
Eﬁodﬂdﬂ,ﬂl ﬂ:i
\oqAT‘UF,.EIO#
cT R w
mﬂ%mﬁh_lzuﬂﬁoﬁo
ﬁrﬁ%ﬂuwwmﬁ&o@
12zT &o%o
o e
M#%Eﬂ%ﬂi
o™ T . L
do T A pE

N ) T BN 3R RE e K]

T E R WS
TN &R
e s w M
i P TP
W o
X .ﬂLM‘WE
ZEHLT
T V7
TH W
i) frase]
m‘ulwgaw
e
_éﬂﬂ%
B ) ok
T o
NI e
- ~
mﬁgﬂw
ﬂo
T W R ke 0
Mm.mrzrhﬂaw
wmr T o B
Moo g A —
B D o o

2A] TR A e of
o}
al

Nl

ilin =
o =
T 4 oF
ol
o Mo
T W ®
o F|r

el oy
NP AT b 3%
A =g Sy

(%)

r, ,
ol 5t °% i%
ofl T+ ~ o
R T 58 =<
o w 29 =
T B mW K 5
%M_H nw i u_myo#o
o © uyh e
o W 28 ME
dr o B
R H §E
T K o | 0w o
WS BTG
=N K g .
ZE 8 M E ST
()] =] o
S o ] =z - =
g 3 R
o < P :,5F_8
- S8 ET NG
Ra| gEiiil
[N s E C I No
— ol W S g g Mear =
Sy g CagEFRE
— = =)
= g 8
n n n
2 _

- Po
-~ Po
\

—
=

g8

A

92 -
91
90
89 -
88 —
87 -

100—
N

94—

93—

50 55 60 65 70

35 40 45

Ho, XX. Wang amd H. Chan, "General study on
piezoelectric transformer”, PESC'04, pp. 216-220, 2004.

Electronic Comp. Symp, 1956, pp. 205-211.
[4] KF. Kwok, P. Dong, KW.E Cheng, KW. Kwok, Y.L

[3] C. A. Rosen, "Ceramic Transformer and Filters”, Proc.

o - eck

133 0

ZAB{E

2.86 250 222 2.00 1.82 1.67 1.54 143

piezoelectric

of

characteristics

"Genericoperational

-
m
|
o
[<P]
m
199
E
>,
g
H
N
—
Z
[%2]
=
)
>
N
&)
—
LO
o)
o T
= &
— O
=9
(@]
@
ed
o
S
Q@
O
=
o QO
g <=
[40]
[&]
g2
O =
(]
=
+— O
e
—
o
(@]
S £
2 5
o
T Q
o Q
mC
Oa
(&}
g2
5 &
2T
(&)
— >
“—
=
m 8
(<o)
©
[}
[N

variations



transformers”, PESC’00, pp. 18-23, 2000.
[6] R. Prieto, M. Sanz, J.A. Cobos, P. Alou, O. Garcia and

J. Uceda, "Design considerations of multi-layer
piezoelectric  transformers”, APEC'01, pp. 1258-1263,
2001, March.

[71 Hu Junhui, "Temperature field of the piezoelectric
transformer operating in longitudinal vibration mode”,
UltrasonicsSymposium, pp. 1003-1006, 2002, Oct.

[8] D. Vasic, F. Costa and E. Sarraute, "A new method to
design piezoelectric transformer used in MOSFET and
IGBT gate drive circuits”,PESC '03, pp. 307-312, 2003,
June.

[9] T. Zaitsu, T. Shigehisa, T. Inoue, M. Shoyama and T.
Ninomiya, "Piezoelectric transformer converter with
frequency control”, INTELEC 95, pp. 175-180, 1995,
Nov.

[10] T. Zaitsu, T. Shigehisa, M. Shoyama and T.
Ninomiya, "Piezoelectric Transformer Converter with
PWM Control”, APEC 96, pp. 279-283, 1996, March.

[11] S. Hamamura, D. Kurose, T. Ninomiya and M.
Yamamoto, "New control method of piezoelectric
transformer converter by PWM and PFM for wide
range of input voltage”, CIEP '00, pp. 3-8, 2000, Oct.

[12] J. A. Martin, M. J. Prieto, F. Nuno and ]. Diaz, "A
New Full-Protected Control Mode To Drive
Piezoelectric Transformers”, PESC '01, pp. 378-383,
2001, June.

[13] S. Ben-Yaakovand S. Lineykin, "Frequency tracking
to maximum power of piezoelectric transformer HV
converters under load variations”, PESC '02, pp.
657-662, 2002, June.

[14] F. Nuno, J.A. Martin, J. Diaz, M.J. Prieto and F.M.
Fernandez-Linera, "Quantum mode control for
piezoelectric  transformers in AC/DC  applications”,
CIEP '02, pp. 202-207, 2002, Oct.

[15] J. Diaz, J.A. Martin-Ramos, M.J. Prieto and F. Nuno,
"A double—closed loop DC/DC converter based on a
piezoelectric transformer”, APEC '04, pp. 1423-1428,
2004.

[16] J. Diaz, F. Nuno, J M. Lopera and J.A. Martin-Ramos,
"A new control strategy for an AC/DC converter
based on a piezoelectric transformer”, Industrial
Electronics, IEEE Transactions on vol. 51, pp. 850-856,
2004, Aug.

[17] T. Yamane, S. Hamamura, T. Zaitsu, T. Minomiya,
M. Shoyamaand Y. Fuda, "Efficiency improvement of
piezoelectric-transformer DC-DC  converter”, PESC
'98, pp. 1255-1261, 1998, May.

[18] J. Navas, T. Bove, J.A. Cobos, F. Nuno and K.

P ERAFAE o] &8 54Y XY AF-AF 7y 353
Brebol, "Miniaturised Battery = Charger  using

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Piezoelectric Transformers”, APEC '01, pp. 492-496,
2001, March.

M. J. Prieto, J. Diaz, JJA. Martin and F. Nuno, "A
Very Simple DC/DC Converter Using Piezoelectric
Transformer”, PESC '01, pp. 1755-1760, 2001, June.
M. J. Prieto, J. Diaz, J.A. Martin, F.F. Linera and F.
Nuno, "Design guidelines for DC/DC converter using
piezoelectric  transformer”, IECON ‘02, pp. 49-54,
2002, Nov.

S. Bronsteinand S. Ben-Yaakov, "Design considerations
for achieving ZVS in a half bridge inverter that drives
a piezoelectric transformer with no series inductor”,
PESC 02, pp. 585-590, 2002, June.

Sungjin Choi and Bo. H. Cho, "Design of fluorescent
lamp ballast with PFC using a power piezoelectric
transformer”, APEC '98, pp. 1135-1139, 1998.

Sungjin Choi, Taeil Kim and B.H Cho, "Design of
half-bridge piezo-transformer converters in the AC
adapter applications”, APEC '05, pp. 244-248 2005,
March.

oA ®SHrle Z&S 1Eld PWM A9 fumA
Y2 AC/DC oRH 53 =2, Ml A& dstu st
21, 2006.

Myounghwan Ryu; Sungjin Choi; Sangmin Lee; Cho,
BH., "A new piezoelectric
drivingtopology for universal input AC/DC adapter
using a constant frequency PWM control”, APEC
23th Annual IEEE, pp. 1314-1317, 2006, March 19-23.

transformer

T. Zaitsu, O. Ohnishi, T. Inoue, M. Shoyama,
Ninomiya, F.CLee, and G.CHua, "Piezoelectric
Transformer operating in Thickness Extensional

Vibration and its Application to Switching Converter”,
PESC 94 Record 25th Annual [EEE, Voll, pp.
585-589, 1994, June 20-25.

Tmotsu Ninomiya, Masahito Shoyama, Toshiyuki
Zaitsu, and Takeshi Inoue, "ZVS Techniques and
their Application to High-Frequency Converter with
Piezoelectric Transformer”, IECON 94, Vol. 3, pp.
1665-1669, 1994, Sept. 5-9.

"Gain—adjustment Technique for Resonant Power
Converters with Piezoelectric Transformer”, J. H.
Park, S. J. Choi, S. M. Lee, and B. H. Cho, PESC,
pp. 2549-2553, 2007, June.

Sanz, M.; Alou, P.; Soto, A.; Prieto, R.; Cobos, J.A,;
Uceda, J, "Magnetic-less converter based on
piezoelectric transformers for step-down DC/DC and
low power application”, APEC '03. Vol. 2, pp.
615-621, 2003, Feb. 9-13.



354 FWHETRE MGE B146 H59% 2009 10H

[30] Y. P. B. Yeung, K. W. E. Cheng. and D. Sutanto,
“Investigation of multiple output operation for
switched—capacitor resonant converters”, International
Journal of Circuit Theory and Applications, pp.
411-423, 2002.

[31] vt=5 Wizl zpd HAZW “alo]mZ WAl A

2gle) g AFolole TES A 2919 3% 4
T B4 AgARetE A, A4 ALS, pp. 62-71,
2009. 2.

[32] Ray-Lee Lin, Piezoelectric Transformer Characterization
and Application of Electronic Ballast, Ph. D.
dissertation, Virginia Tech., 2001, Nov.

[33] Maxim, Application Note 1109, Small, High—Voltage
Boost Converters, 2002, Jun 14.

[34] Jeong-Bong Lee, Zhizhang Chen, Mark G. Allen,
Ajeet Rohatgi, and Rajeewa Arya, "A High Voltage
Solar Cell Array As An Electrostatic MEMS Power
Supply”, in Proceedings 7th IEEE Workshop on Micro
Electro Mechanical Systems, Oiso, Japan, pp. 331-336,
1994, Jan.

[35] Jeong B. Lee, Zhizhang Chen, Mark G. Allen, Ajeet
Rohatgi, and Rajeewa Arya, "A Miniaturized High
Voltage Solar Cell Array As An Electrostatic MEMS
Power Supply”, IEEE/ASME Journal of
Microelectromechanical Systems, Vol. 4, No. 3, pp.
102-108, 1995, Sep.

HEF(HEE)
4 g2 2624, 19999 M2 ZCi
My|sste E¢. 20014 = ofistel XY
ZAFESSHRE SHAAY. 20060 S CHE
o oI FESEE (S, 20044 ~
2005 Virginia Tech (Visiting  Scholar).
20061 ~20074 BHEAS S TA Melodel U ool
20074 ~2009d Meth HEI|SAIACE SALE o2l 2009
H~3xf SAO M7|zstnt MZrAL

0

r

M 2= (% 7 %)
198411 18 2024, 20081 M) HA}

AR YREATEY BY. 2

— M MEt st HI|dFESSE MAL

dom

ZEY(BEE

19524 2¢ 112, 19784 California State
Polytechnic  University ZX7|astat Z¢i.
19804 California Institute of Technology &
7|3snt EL(AMAD, 1985 Virginia
Institute of Technology 7|58zt E(5

Bh, 19804 ~1982d MTS in TRW Space and Technology
group. 1995 ~&A Mt M7|HFESEFE W 20054 ~

20064 & &3l

=gt #
i e

|I|— ool
S =4

0|%’E(§§DJ§3)

19824 38 2824, 20074 AlgCh XM7|
SR E¢. 2007'—4~°4XH Mo 3o
M7|HBE{Z2 et MuAlE 5oy



