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(57) ABSTRACT 

A loW loss, small scale piezoelectric transformer, suited for 
a cold cathode tube load, and having a high effective 
coupling factor, is provided using a piezoelectric plate 
having a single polarization direction. Controlling the 
dimensions of the third electrode portion 15a constituting 
the high impedance portion makes it possible easily to adjust 
the capacitance of the electrostatic capacitor formed 
betWeen the ?rst electrode portion 12 and the third electrode 
portion in accordance With the load. Also, the second 
electrode portion 13 and the fourth electrode portion 15b 
constituting the loW impedance portion are substantially 
equal in area and the third electrode portion and the fourth 
electrode portion are formed in one piece, so that energy 
propagation efficiency can be increased. Consequently, the 
effective coupling factor resulting from the electrode struc 
ture and the vibration mode can be kept high even if the 
capacitance is changed freely, and thus high element ef? 
ciency and a small amount of generated heat can be main 
tained and stress can be decreased. 
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PIEZOELECTRIC TRANSFORMER, 
PIEZOELECTRIC TRANSFORMER UNIT, 
INVERTER CIRCUIT, LIGHT EMISSION 

CONTROL DEVICE, AND LIQUID CRYSTAL 
DISPLAY DEVICE 

[0001] This application is a Continuation of application 
Ser. No. 10/172,589, ?led Jun. 14, 2002, Which application 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a pieZoelectric 
transformer that can be used in various high voltage gener 
ating devices, and in particular to a pieZoelectric transformer 
used in an inverter circuit for carrying out the light emission 
control of a cold cathode tube. 

[0004] 2. Description of Related Art 

[0005] FIG. 12A is an outside perspective vieW shoWing 
the structure of a Rosen-type pieZoelectric transforrner, 
Which is a typical structure for conventional pieZoelectric 
transforrners. FIG. 12B is a cross-sectional vieW in the 
length direction of the pieZoelectric transforrner shoWn in 
FIG. 12A. The advantages of this pieZoelectric transforrner 
are that it is smaller than rnagnetic transforrners, that it is 
non?arnrnable, and that it does not generate noise due to 
magnetic induction, for example. 

[0006] The portion denoted by the numeral 2 is the low 
impedance portion of the pieZoelectric transforrner, Which 
serves as the input portion When the pieZoelectric trans 
former is used to step up voltage. The low impedance 
portion 2 is polariZed in the thickness direction (indicated by 
PD in FIGS. 12A and 12B) of a pieZoelectric cerarnic plate 
1 (hereinafter, referred to as pieZoelectric plate), an electrode 
3U is disposed on the ?rst principal face, and an electrode 
3D is disposed on the second principal face in the thickness 
direction. On the other hand, the portion denoted by the 
numeral 3 is the high impedance portion, Which serves as the 
output portion When the pieZoelectric transformer is used to 
step up voltage. The high impedance portion 3 is polariZed 
in the length direction (indicated by PL in FIGS. 12A and 
12B) of the pieZoelectric plate 1, and an electrode 4 is 
disposed on the end face of the length direction. In pieZo 
electric transforrners con?gured in this Way, the transverse 
effect of the pieZoelectric longitudinal vibration is utiliZed in 
the low impedance portion 2 and the longitudinal effect of 
the pieZoelectric longitudinal vibration is utiliZed in the high 
impedance portion 3. 

[0007] The operation of a conventional pieZoelectric 
transformer with the above con?guration is described neXt 
using FIG. 13. 

[0008] FIG. 13 is an equivalent circuit diagram approxi 
mated With the concentrated constants near the resonance 
frequency of the pieZoelectric transforrner in FIGS. 12A 
and 12B. In FIG. 13, Cd1 and Cd2 are the bound capacitors 
on the input side and the output side, respectively, A1 (input 
side) and A2 (output side) are the force factors, In is the 
equivalent rnass, C is the equivalent compliance, and Rrn is 
the equivalent rnechanical resistance. In the pieZoelectric 
transforrner shoWn in FIGS. 12A and 12B, the force factor 
A1 is larger than A2, and the voltage is stepped up by tWo 
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equivalent ideal transforrners 1301 and 1302 in FIG. 13. The 
pieZoelectric transforrner includes a series resonant circuit 
made of the equivalent mass In and the equivalent compli 
ance C, and thus the output voltage has a value equal to or 
greater than the transformation ratio of the transformer, in 
particular When the value of the load resistance is large. 

[0009] Besides this Rosen-type pieZoelectric transforrner, 
another pieZoelectric transforrner knoWn in the art utiliZes 
the radially eXpanding vibration of a disk, as shoWn in 
FIGS. 14A and 14B. FIG. 14A is a front vieW of this 
pieZoelectric transformer and FIG. 14B is a cross-sectional 
vieW taken along the line A-A‘ in FIG. 14A. In FIG. 14B, 
the low impedance portion is denoted by the numeral 224 
and the high impedance portions are denoted by the nurner 
als 223 and 225. The low impedance portion 224 is made of 
electrodes 221U and 221D, and the high impedance portions 
223 and 225 are made of an electrode 222 and the electrode 
221U or 221D. As in the case of the Rosen-type pieZoelec 
tric transforrner shoWn in FIGS. 12A and 12B, the low 
impedance portion 224 utiliZes the transverse effect and the 
high impedance portions 223 and 225 utiliZe the longitudinal 
effect. 

[0010] A pieZoelectric transformer with this structure is 
represented by the equivalent circuit of FIG. 13, like the 
Rosen-type pieZoelectric transforrner of FIGS. 12A and 
12B, and also operates in the same Way. 

[0011] In a pieZoelectric transforrner like that shoWn in 
FIGS. 14A and 14B, hoWever, the low impedance portion 
224 utiliZing the transverse effect must be polariZed in the 
thickness direction of the disk and the high impedance 
portions 223 and 225 utiliZing the longitudinal effect must 
be polariZed in the radial direction of the disk. This causes 
eXtrernely intense stress on the pieZoelectric transforrner 
during the poling process, Which increases the risk of cracks 
or the like occurring near the boundary betWeen the low 
impedance portion 224 and the high impedance portions 223 
and 225. 

[0012] To solve this problem, JP 2666562B proposes a 
pieZoelectric transforrner that employs the radially expand 
ing vibration of a disk and utiliZes the transverse effect for 
both the low impedance portions and the high impedance 
portions. The structure of the pieZoelectric transforrner dis 
closed in JP 2666562B is shoWn in FIGS. 15A and 15B. 
FIG. 15A is a front vieW of this pieZoelectric transformer 
and FIG. 15B is a cross-sectional vieW taken along the line 
A-A‘ in FIG. 15A. 

[0013] HoWever, since the pieZoelectric transforrner 
shoWn in FIGS. 15A and 15B employs the transverse effect 
for the low impedance portions 215 and 217 and the high 
impedance portion 216 alike, the capacitance of the output 
portion of the pieZoelectric transforrner becomes larger than 
those of the Rosen-type pieZoelectric transforrner shoWn in 
FIGS. 12A and 12B and the pieZoelectric transforrner 
shoWn in FIGS. 14A and 14B, Which utiliZes the radially 
expanding vibration of a disk. 

[0014] It is Well knoWn in the art that When a cold cathode 
tube is used as the load for the pieZoelectric transforrner, the 
pieZoelectric transforrner can be driven ef?ciently by design 
ing the output impedance of the pieZoelectric transformer 
and the load impedance of the cold cathode tube to be 
substantially equal. HoWever, using the transverse effect for 
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the output portion makes the output impedance of the 
piezoelectric transformer much smaller than the load imped 
ance of the cold cathode tube, Which causes a drop in 
ef?ciency When driving. 

[0015] One approach to solving this problem is proposed 
in JP 2000-49399A, Which discloses the structure of a 
piezoelectric transformer employing a piezoelectric plate 
that has a single polarization direction. FIG. 16 shoWs the 
structure of the piezoelectric transformer proposed in JP 
2000-49399A. In FIG. 16, the numerals 201 and 204 denote 
electrodes constituting the high impedance portion and the 
numerals 202 and 204 denote electrodes constituting the loW 
impedance portion. Here, the capacitance of the output 
portion of the piezoelectric transformer can be controlled by 
forming a small electrode 201 on the principal face in the 
thickness direction of a piezoelectric body 203. HoWever, 
making the electrode 201 small increases the region that 
does not contribute to the propagation of energy, therefore 
loWering the coupling factor resulting from the electrode 
structure and the vibration mode (hereinafter, referred to as 
the effective coupling factor). This is problematic because it 
increases loss, loWers element efficiency, increases the 
amount of generated heat, and also increases stress. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, it is an object of the present invention 
to provide a loW loss, small scale piezoelectric transformer 
employing a piezoelectric plate having a single polarization 
direction, suited for a cold cathode tube load, and With a high 
effective coupling factor. 

[0017] To achieve the above object, a ?rst piezoelectric 
transformer according to the present invention is provided 
With a piezoelectric plate polarized entirely in the thickness 
direction, a ?rst electrode portion formed in the center of a 
?rst principal face in the thickness direction of the piezo 
electric plate, a second electrode portion enclosing the ?rst 
electrode portion and formed from the inside to the perim 
eter on the ?rst principal face, and separated from the ?rst 
electrode portion by an insulating region, a third electrode 
portion formed on a second principal face in the thickness 
direction of the piezoelectric plate in a region in opposition 
to the ?rst electrode portion and the insulating region, and 
Which is for adjusting a capacitance of an electrostatic 
capacitor formed betWeen it and the ?rst electrode portion, 
and a fourth electrode portion formed integrally With the 
third electrode portion on the second principal face and 
having an area substantially equal to that of the second 
electrode portion. A high impedance portion is made of a 
portion formed by the ?rst electrode portion and the third 
electrode portion in the thickness direction of the piezoelec 
tric plate, and a loW impedance portion is made of a portion 
formed by the second electrode portion and the fourth 
electrode portion in the thickness direction of the piezoelec 
tric plate. 

[0018] This con?guration makes it possible to adjust eas 
ily the capacitance of the electrostatic capacitor formed 
betWeen the ?rst electrode portion and the third electrode 
portion in accordance With the load by controlling the 
dimensions of the third electrode portion constituting the 
high impedance portion. Also, the second electrode portion 
and the fourth electrode portion constituting the loW imped 
ance portion are substantially equal in area and the third and 
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fourth electrode portions are formed in one piece, thereby 
increasing the energy propagation ef?ciency, maintaining a 
high effective coupling factor, and reducing loss, so that 
element efficiency can be increased and the amount of 
generated heat can be loWered, and furthermore stress also 
can be reduced. 

[0019] It is preferable that in the ?rst piezoelectric trans 
former the piezoelectric plate is shaped as a circular disk. It 
is even more preferable that the piezoelectric plate is shaped 
as a rectangular plate substantially equal in length and Width. 
Thus, manufacturing discrepancies can be kept doWn and 
the device can be manufactured easily. 

[0020] It is preferable that in the ?rst piezoelectric trans 
former the space betWeen the ?rst electrode portion and the 
second electrode portion separated by the insulating region 
is equal to or greater than the thickness of the piezoelectric 
plate, so that increases in the capacitance of the high 
impedance portion due to unnecessary polarization of the 
insulating region, Where the electrodes are not formed, can 
be prevented. 

[0021] To achieve the above object, a second piezoelectric 
transformer according to the present invention is provided 
With a piezoelectric plate polarized entirely in the thickness 
direction and shaped as a rectangular plate substantially 
equal in length and Width, a ?rst electrode portion formed in 
a center portion on a ?rst principal face in the thickness 
direction of the piezoelectric plate, a second electrode por 
tion enclosing the ?rst electrode portion and formed to the 
interior of a ?rst insulating region provided at the perimeter 
portion on the ?rst principal face and separated from the ?rst 
electrode portion by a second insulating region, a third 
electrode portion formed on a second principal face in the 
thickness direction of the piezoelectric plate in a region in 
opposition to the ?rst electrode portion and having an area 
substantially equal to that of the ?rst electrode portion, and 
a fourth electrode portion formed integrally With the third 
electrode portion on the second principal face and extending 
from the third electrode portion to the perimeter portion 
along the center lines of the four edges, and Which is for 
adjusting a capacitance of an electrostatic capacitor formed 
betWeen it and the second electrode portion. A loW imped 
ance portion is made of a portion formed by the ?rst 
electrode portion and the third electrode portion in the 
thickness direction of the piezoelectric plate and a high 
impedance portion is made of a portion formed by the 
second electrode portion and the fourth electrode portion in 
the thickness direction of the piezoelectric plate. 

[0022] This con?guration makes it possible to adjust eas 
ily the capacitance of the capacitor formed betWeen the 
second electrode portion and the fourth electrode portion in 
accordance With the load by controlling the dimensions of 
the fourth electrode portion constituting the high impedance 
portion. Also, the ?rst electrode portion and the third elec 
trode portion constituting the loW impedance portion are 
substantially equal in area and the third and fourth electrode 
portions are formed in one piece, thereby increasing the 
energy propagation ef?ciency, maintaining a high effective 
coupling factor, and reducing loss, so that element ef?ciency 
can be increased and the amount of generated heat can be 
loWered, and furthermore stress also can be reduced. Fur 
ther, providing a ?rst insulating region on the ?rst principal 
face of the piezoelectric plate and insulating regions Where 
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electrodes are not formed at the four corners on the second 
principal face makes it possible to ensure safety With respect 
to the high voltage output from the second and fourth 
electrode portions constituting the high impedance portion 
in a case Where the pieZoelectric transformer is used for 
stepping up voltage. 

[0023] To achieve the above object, a third pieZoelectric 
transformer according to the present invention is provided 
With a pieZoelectric plate polariZed entirely in the thickness 
direction and shaped as a rectangular plate substantially 
equal in length and Width, a ?rst electrode portion formed in 
linear symmetry about the diagonals on a ?rst principal face 
in the thickness direction of the pieZoelectric plate, a second 
electrode portion formed in a middle portion of each of four 
perimeter portions on the ?rst principal face, a third elec 
trode portion formed on a second principal face in the 
thickness direction of the pieZoelectric plate in a region in 
opposition to the ?rst electrode portion and having an area 
substantially equal to that of the ?rst electrode portion, and 
a fourth electrode portion formed integrally With the third 
electrode portion on the second principal face and extending 
from the third electrode portion to the perimeter portions 
along the center lines of the four edges, and Which is for 
adjusting a capacitance of an electrostatic capacitor formed 
betWeen it and the second electrode portion. A loW imped 
ance portion is made of a portion formed by the ?rst 
electrode portion and the third electrode portion in the 
thickness direction of the pieZoelectric plate and a high 
impedance portion is made of a portion formed by the 
second electrode portion and the fourth electrode portion in 
the thickness direction of the pieZoelectric plate. 

[0024] This con?guration makes it possible to adjust eas 
ily the capacitance of the capacitor formed betWeen the 
second electrode portion and the fourth electrode portion in 
accordance With the load by controlling the dimensions of 
the fourth electrode portion constituting the high impedance 
portion. Also, the ?rst electrode portion and the third elec 
trode portion constituting the loW impedance portion are 
substantially equal in area and the third and fourth electrode 
portions are formed as a single unit. This increases the 
energy propagation ef?ciency, maintains a high effective 
coupling factor, and reduces loss, so that element ef?ciency 
can be increased and the amount of heat generated can be 
loWered, and furthermore stress also can be reduced. Fur 
ther, forming four second electrode portions in the middle of 
each of the four perimeter portions makes it possible to 
receive output voltage from the second electrode portion in 
an position optimal for an arrangement of the load and the 
outside circuits in a case Where the pieZoelectric transformer 
is used for stepping up voltage. 

[0025] In the second and third pieZoelectric transformers it 
is preferable that the ?rst electrode portion is geometrically 
similar to the outer dimensions of the pieZoelectric plate. 

[0026] To achieve the above object, a pieZoelectric trans 
former unit according to the present invention is provided 
With the ?rst or the second pieZoelectric transformer, a 
conductive elastic body made by alternately laminating 
conducting layers and insulating layers and for supporting 
the pieZoelectric transformer and electrically connecting to 
the electrode portions of the pieZoelectric transformer, and a 
casing for accommodating and supporting the pieZoelectric 
transformer and the conductive elastic body as Well as 
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electrically connecting the electrode portions of the pieZo 
electric transformer to outside portions via the conductive 
elastic body. 

[0027] In this pieZoelectric transformer unit it is preferable 
that the conductive elastic body includes a ?rst conductive 
elastic body in contact With the ?rst principal face of the 
pieZoelectric transformer and having a length substantially 
equal to the length of the pieZoelectric transformer and a 
second conductive elastic body in contact With the second 
principal face of the pieZoelectric transformer and having a 
length substantially equal to the Width of the pieZoelectric 
transformer, Wherein the ?rst conductive elastic body and 
the second conductive elastic body are perpendicular to one 
another and sandWich the pieZoelectric transformer. 

[0028] A pieZoelectric transformer unit of this con?gura 
tion can protect the pieZoelectric transformer from eXternal 
impact and ensure a good state of contact With the electrode 
portions. 
[0029] To achieve the above object, a ?rst inverter circuit 
according to the present invention is provided With the third 
pieZoelectric transformer and a drive control circuit for the 
pieZoelectric transformer. 

[0030] To achieve the above object, a second inverter 
circuit according to the present invention is provided With 
the pieZoelectric transformer unit according to the present 
invention and a drive control circuit for the pieZoelectric 
transformer unit. 

[0031] The ?rst and the second inverter circuits enable the 
device to have a thin pro?le. 

[0032] To achieve the above object, a light emission 
control device according to the present invention is provided 
With the ?rst or the second inverter circuit and a cold cathode 
tube serving as a load for the pieZoelectric transformer. 

[0033] This con?guration enables the device to be made 
small. 

[0034] To achieve the above object, a liquid crystal display 
device according to the present invention is provided With 
the light emission control device according to the present 
invention and a liquid crystal panel in Which brightness 
control is performed by the light emission control device. 

[0035] This con?guration makes it possible to narroW the 
Width of the liquid crystal monitor or the liquid crystal 
display, for eXample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1A is a plan vieW of the ?rst principal face in 
the thickness direction shoWing the structure of a pieZoelec 
tric transformer according to the ?rst embodiment of the 
present invention. 

[0037] FIG. 1B is a cross-sectional vieW taken along the 
line A-A‘ in FIG. 1A. 

[0038] FIG. 1C is a plan vieW of the second principal face 
in the thickness direction shoWing the structure of the 
pieZoelectric transformer according to the ?rst embodiment 
of the present invention. 

[0039] FIG. 2 is a perspective vieW schematically shoW 
ing the con?guration of a conductive elastic body 20 for 
supporting the pieZoelectric transformer 10 and making 
electrical contact. 














