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(57) ABSTRACT 

Disclosed is a piezoelectric transformer provided With node 
point recognition patterns for visually indicating respective 
node points, at Which external electrical connection of input 
and output electrodes is made, thereby allowing the external 
electrical connection of the input and output electrodes to be 
easily achieved in a manual Wire soldering process, While 
alloWing the Wire soldering process to be automatically 
carried out irrespective of the size of the piezoelectric 
transformer. The piezoelectric transformer, Which includes a 
piezoelectric member, an input electrode, an output elec 
trode, and a ground electrode, the electrodes being printed 
on the piezoelectric member, further includes a plurality of 
node point recognition patterns extending radially about the 
center of each of the electrodes While being spaced apart 
from the center of the electrode by a desired radial distance. 
Each node point recognition pattern is formed by removing 
a portion of the electrode corresponding to the node point 
recognition pattern. 
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FIG. 3 



Patent Application Publication Apr. 18, 2002 Sheet 4 0f 5 US 2002/0043900 A1 

FIG. 4 



Patent Application Publication Apr. 18, 2002 Sheet 5 0f 5 US 2002/0043900 A1 

FIG. 5 



US 2002/0043900 A1 

PIEZOELECTRIC TRANSFORMER WITH 
PATTERNS FOR RECOGNIZING NODE POINT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a piezoelectric 
transformer adapted as a high-voltage DC generating device, 
and more particularly to a pieZoelectric transformer pro 
vided With node point recognition patterns for visually 
indicating respective node points, at Which external electri 
cal connection of input and output electrodes is made, 
thereby alloWing the external electrical connection of the 
input and output electrodes to be easily achieved. 

[0003] 2. Description of the Related Art 

[0004] Recently, pieZoelectric transformers, Which are 
adapted as high-voltage DC generating devices, have been 
used at an increased rate, as compared to coil transformers, 
because they have features of reduced siZe, high ef?ciency, 
high electrical insulation, and non?ammable, as compared to 
those coil transformers. 

[0005] Piezoelectric transformers are mainly used in 
inverters for back light adapted to turn on and off color 
liquid crystal displays of notebooks, PDA (Personal Digital 
Assistant), DVC (Digital Video Camera), DSC (Digital Still 
Camera) and the like, and in high-voltage poWer supply 
devices equipped static brushes, air cleaners, and oZone 
generators. 

[0006] Such a pieZoelectric transformer basically consists 
of a pieZoelectric member, an input electrode attached to the 
pieZoelectric member and adapted to apply voltage of a 
certain level to the pieZoelectric member, and an output 
electrode for outputting a voltage of a desired level from the 
pieZoelectric member. When AC voltage having a frequency 
corresponding to the intrinsic vibration frequency of the 
pieZoelectric member is applied to the pieZoelectric member 
via the input electrode, the pieZoelectric member vibrates 
mechanically. The mechanical vibration energy of the pieZo 
electric member is transformed into electrical energy, and 
then outputted via the output electrode. Thus, the pieZoelec 
tric transformer boosts the input voltage using pieZoelectric 
vibrations. 

[0007] FIG. 1 illustrates a general Rosen type pieZoelec 
tric transformer. As shoWn in FIG. 1, the Rosen type 
pieZoelectric transformer, Which is denoted by the reference 
numeral 10, includes a pieZoelectric member 11 having tWo 
opposite rectangular major surfaces, that is, ?rst and second 
surfaces, and four side surfaces, that is, third through sixth 
surfaces, connecting the ?rst and second surfaces. The 
pieZoelectric transformer 10 also includes an input electrode 
12 formed on a ?rst one of tWo equal surface portions 
longitudinally divided on the ?rst surface of the pieZoelec 
tric member 11, an output electrode 13 formed on the third 
surface of the pieZoelectric member 11 not contacting the 
input electrode 12, and a ground electrode 14 formed on a 
?rst one of tWo equal surface portions longitudinally divided 
on the second surface of the pieZoelectric member 11 While 
being arranged opposite to the input electrode 12. That is, 
the pieZoelectric member 11 is longitudinally divided into 
tWo portions, that is, a ?rst portion provided With the input 
electrode 12 and ground electrode 13, and a second portion 
provided With the output electrode 13 
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[0008] When AC voltage of a certain level from an AC 
poWer source S is applied betWeen the input electrode 12 and 
the ground electrode 14 in the above mentioned conven 
tional Rosen type pieZoelectric transformer, mechanical 
vibrations are generated in vertical directions at the ?rst 
portion of the pieZoelectric member 11 in accordance With 
the electrical energy of the applied voltage. By virtue of the 
vibrations, the second portion of the pieZoelectric member 
11 vibrates in longitudinal directions. The longitudinal 
vibrations are transformed into electrical energy Which is, in 
turn, outputted via the output electrode 13. Such a pieZo 
electric effect provided in accordance With the application of 
AC voltage serves to generate a boosting effect. 

[0009] The Waveform diagram shoWn in the loWer portion 
of FIG. 1 illustrates the Waveform of vibrations generated at 
the Rosen type pieZoelectric transformer 10. The ?rst por 
tion of the pieZoelectric member 11 formed With the input 
electrode serves as a driving section (or an input section) for 
transforming electrical energy into mechanical vibration 
energy, Whereas the second portion of the pieZoelectric 
member 11 formed With the output electrode 13 serves as an 
electrical output generating section (or outputting section) 
for transforming vibration energy into electrical energy. 

[0010] FIG. 2 illustrates an improved Rosen type pieZo 
electric transformer Which has an output electrode structure 
improved over the above mentioned Rosen type pieZoelec 
tric transformer, in order to achieve easy external electrical 
connection of electrodes. As shoWn in FIG. 2, this pieZo 
electric transformer, Which is denoted by the reference 
numeral 20, includes a rectangular pieZoelectric member 21 
having the same structure as the pieZoelectric member 11 of 
the conventional Rosen type pieZoelectric transformer 10. 
Similarly to the conventional Rosen type pieZoelectric trans 
former 10, the pieZoelectric transformer 20 also includes an 
input electrode 22 formed on the ?rst portion of the ?rst 
surface of the pieZoelectric member 21, an output electrode 
23 formed on the second surface portion of the ?rst surface 
of the pieZoelectric member 21 at the end of the second 
surface portion spaced aWay from the input electrode 22, and 
ground electrodes 24 and 25 respectively formed on the 
second surface of the pieZoelectric member 21 While being 
vertically symmetrical With the input and output electrodes 
22 and 23. 

[0011] In order to implement an inverter or a high-voltage 
poWer supply device using the above mentioned pieZoelec 
tric transformer of FIG. 1 or 2, it is necessary to conduct a 
Wire soldering process for the input, output, and ground 
electrodes of the pieZoelectric transformer in order to 
achieve external electrical connection of those electrodes. 

[0012] In the Wire soldering process, a Wire is soldered at 
a node point corresponding to the center of an associated 
electrode. Where Wire is soldered at a portion of the elec 
trode other than the node point, dispersion of characteristics 
may occur, thereby causing non-uniform vibration. As a 
result, the product exhibits a degraded reliability. 

[0013] Furthermore, Where the soldering positions on the 
upper and loWer surfaces of the input section of the pieZo 
electric transformer are misaligned from each other, the 
pieZoelectric transformer exhibits an increase in character 
istic dispersion and a degradation in characteristics. In 
particular, Where pieZoelectric transformers are mass-pro 
duced, there is a problem involved With productivity. Where 
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it is desired to conduct an automatic Wire soldering process, 
it is necessary to install automatic equipment, in Which the 
position of each node point is set for a particular siZe of 
pieZoelectric transformers. For this reason, there is a prob 
lem in that it is necessary to modify the equipment to cope 
With a change of the siZe of pieZoelectric transformers to be 
produced. 

SUMMARY OF THE INVENTION 

[0014] Therefore, the present invention has been made in 
vieW of the above mentioned problems involved With the 
related art, and an object of the invention is to provide a 
pieZoelectric transformer provided With node point recog 
nition patterns for visually indicating respective node points, 
at Which external electrical connection of input and output 
electrodes is made, thereby alloWing the external electrical 
connection of the input and output electrodes to be easily 
achieved in a manual Wire soldering process, While alloWing 
the Wire soldering process to be automatically carried out 
irrespective of the siZe of the pieZoelectric transformer. 

[0015] In order to accomplish this object, the present 
invention provides ApieZoelectric transformer comprising a 
pieZoelectric member, an input electrode, an output elec 
trode, and a ground electrode, the electrodes being printed 
on the pieZoelectric member, further comprising: a plurality 
of node point recognition patterns extending radially about 
the center of each of the input, output, and ground electrodes 
While being spaced apart from the center of the electrode by 
a desired radial distance, each of the node point recognition 
patterns being formed by removing a portion of the electrode 
corresponding to the node point recognition pattern. 

[0016] The node point recognition patterns may comprise 
tWo line patterns extending radially about the center of the 
electrode While being radially aligned With each other, 
respectively. 
[0017] Alternatively, the node point recognition patterns 
may comprise four line patterns extending radially about the 
center of the electrode While forming a cross, respectively. 

[0018] Each of the node point recognition patterns pref 
erably has a line Width of 100 to 150 pm, and/or a length 0.5 
to 3 mm in order to prevent a degradation in pieZoelectric 
characteristics. 

[0019] The center of the electrode surrounded by the node 
point recognition patterns corresponds to a node point, at 
Which a Wire is soldered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The above and other objects, features and other 
advantages of the present invention Will be more clearly 
understood from the folloWing detailed description taken in 
conjunction With the accompanying draWings, in Which: 

[0021] FIG. 1 is a perspective vieW illustrating the basic 
con?guration of a conventional pieZoelectric transformer, 
along With a Waveform diagram shoWing the Waveform of 
vibrations generated at the pieZoelectric transformer; 

[0022] FIG. 2 is a perspective vieW illustrating another 
conventional pieZoelectric transformer; 

[0023] FIG. 3 is a perspective vieW illustrating a pieZo 
electric transformer according to an embodiment of the 
present invention; 
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[0024] FIG. 4 is a perspective vieW illustrating a pieZo 
electric transformer according to another embodiment of the 
present invention; and 

[0025] FIG. 5 is a perspective vieW illustrating a pieZo 
electric transformer according to another embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] NoW, the pieZoelectric transformer according to the 
present invention Will be described With reference to the 
annexed draWings. 

[0027] FIGS. 3 to 5 are perspective vieWs respectively 
illustrating a pieZoelectric transformer Which has various 
structures according to embodiments of the present inven 
tion. 

[0028] Basically, the pieZoelectric transformer, Which is 
denoted by the reference numeral 30 in FIGS. 3 to 5, 
includes a rectangular parallelepiped pieZoelectric member 
31 having tWo opposite rectangular major surfaces, that is, 
?rst and second surfaces, and four side surfaces, that is, third 
through sixth surfaces, connecting the ?rst and second 
surfaces. The pieZoelectric transformer 30 also includes an 
input electrode 12 formed on a ?rst one of tWo equal surface 
portions longitudinally divided on the ?rst surface of the 
pieZoelectric member 31, that is, a left or right surface 
portion. An output electrode 33 is formed on the second 
surface portion of the ?rst surface of the pieZoelectric 
member 31 at the end of the second portion spaced aWay 
from the input electrode 32. The pieZoelectric transformer 
30 further includes a ground electrode 34 formed on the 
second surface of the pieZoelectric member 31 While being 
vertically symmetrical With the input electrode 32, and node 
pattern recognition patterns 32a and 33a respectively 
formed at the input and output electrodes 32 and 33 in the 
form of crossed lines or straight lines extending toWard the 
center of the input or output electrode 32 or 33 associated 
thereWith Without being connected to each other. Each of the 
node recognition patterns 32a and 33a is formed by remov 
ing the portion of the associated electrode corresponding to 
that recognition pattern. Although not shoWn in the draW 
ings, the ground electrode 34 has node pattern recognition 
patterns identical or similar to those of the input electrode 
32. 

[0029] In the case of the pieZoelectric transformer shoWn 
in FIG. 3, the recognition patterns 32a on the input electrode 
32 have the form of four straight lines extending radially 
about the center of the input electrode 32 to form a cross 
Without being connected to each other. In this case, the 
recognition patterns 33a on the output electrode 33 have the 
form of tWo straight lines extending radially about the center 
of the output electrode 33 While being aligned With each 
other in a longitudinal direction of the output electrode 33 
Without being connected to each other. Although not shoWn 
in FIG. 3, the ground electrode 34 has node pattern recog 
nition patterns identical or similar to the recognition patterns 
32a of the input electrode 32. 

[0030] In the case of the pieZoelectric transformer shoWn 
in FIG. 4, the recognition patterns 32a on the input electrode 
32 have the form of tWo straight lines extending radially 
about the center of the output electrode 33 While being 
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laterally aligned With each other. As mentioned above, these 
recognition patterns 32a are formed by removing the portion 
of the associated electrode corresponding to that recognition 
pattern. In this case, the output electrode 33 is formed With 
node point recognition patterns 33a having the same form as 
those of FIG. 3. 

[0031] The pieZoelectric transformer of FIG. 5 is substan 
tially similar to the pieZoelectric transformer of FIG. 4, 
except that the recognition patterns 32a on the input elec 
trode 32 have the form of tWo straight lines extending 
radially about the center of the output electrode 33 While 
being vertically aligned With each other, as compared to the 
case of FIG. 4, in Which the straight lines are laterally 
aligned With each other. 

[0032] The node point recognition patterns formed at the 
input, output, and ground electrodes 32, 33, and 34 in each 
embodiment of the present invention have a Width and a 
length causing no variation in the characteristics of the 
pieZoelectric transformer. Preferably, each node point rec 
ognition pattern has a line Width of 100 to 150 pm, and a 
length of 0.5 to 3 mm. These line Width range and length 
range correspond to a resolution range alloWing a Worker to 
visually identify the recognition patterns in the manufacture 
of the pieZoelectric transformer. Where the recognition 
patterns have an excessively small line Width or length, it is 
impossible to obtain a desired resolution in a patterning 
process for forming those recognition patterns. On the other 
hand, Where the recognition patterns have an excessively 
large siZe, that is, the electrode area removed for the 
formation of the recognition patterns is excessively large, a 
degradation in pieZoelectric characteristics may occur. 
Accordingly, it is preferred that the node point recognition 
patterns have the above de?ned siZe. 

[0033] In accordance With the present invention, the node 
point recognition patterns to be formed at each electrode are 
formed by removing, in the form of radially extending 
straight lines, portions of the electrode arranged around the 
center of the electrode Where a node point is to be posi 
tioned, While leaving the central portion of the electrode. 
Thus, the node point can be easily visually recogniZed by the 
recognition patterns. Accordingly, the external electrical 
connection of the electrode can be easily and accurately 
made by conducting a desired Wire soldering process at the 
central portion of the electrode indicated by the recognition 
patterns. 

[0034] In accordance With the present invention, the for 
mation of the node point recognition patterns on each 
electrode can be made by simply modifying the screen 
printing electrode pattern used for the electrode Without any 
addition of processing steps. That is, the recognition patterns 
can be formed on the electrode by coating an electrode 
material such as Ag on the pieZoelectric member 31, except 
for the portions of the pieZoelectric member 31 respectively 
corresponding to those recognition patterns, upon printing 
the electrode. 

[0035] By virtue of the node point recognition patterns 
formed on each electrode of the pieZoelectric transformer as 
described above, it is possible to accurately and easily 
recogniZe the node point, at Which a Wire is to be soldered 
for the external electrical connection of the electrode. 
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Accordingly, the Wire soldering process can be accurately 
carried out at a desired position. Since the node point can be 
easily recogniZed based on the recognition patterns arranged 
around the node point, it is possible to automatically carry 
out the Wire soldering process. 

[0036] Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, 
those skilled in the art Will appreciate that various modi? 
cations, additions and substitutions are possible, Without 
departing from the scope and spirit of the invention as 
disclosed in the accompanying claims. For example, 
although the present invention has been described in con 
junction With embodiments associated With Rosen type 
pieZoelectric transformers, it is applicable to any types of 
pieZoelectric transformers. 

[0037] As apparent from the above description, the present 
invention provides a pieZoelectric transformer provided With 
node point recognition patterns for visually indicating a 
node point to be used as a soldering point in a Wire soldering 
process for an external electrical connection of the electrode 
upon constructing a desired circuit or device using the 
pieZoelectric transformer, thereby alloWing the Wire solder 
ing process to be easily and accurately achieved. By virtue 
of the node point recognition patterns, an easily node point 
recognition can be achieved even When the pieZoelectric 
transformer has a changed siZe. Accordingly, there is an 
advantage in that the Wire soldering process can be auto 
matically carried out. 

What is claimed is: 
1. A pieZoelectric transformer comprising a pieZoelectric 

member, an input electrode, an output electrode, and a 
ground electrode, the electrodes being printed on the pieZo 
electric member, further comprising: 

a plurality of node point recognition patterns extending 
radially about the center of each of the input, output, 
and ground electrodes While being spaced apart from 
the center of the electrode by a desired radial distance, 
each of the node point recognition patterns being 
formed by removing a portion of the electrode corre 
sponding to the node point recognition pattern. 

2. The pieZoelectric transformer according to claim 1, 
Wherein the node point recognition patterns comprise tWo 
line patterns extending radially about the center of the 
electrode While being radially aligned With each other, 
respectively. 

3. The pieZoelectric transformer according to claim 1, 
Wherein the node point recognition patterns comprise four 
line patterns extending radially about the center of the 
electrode While forming a cross, respectively. 

4. The pieZoelectric transformer according to claim 1, 
Wherein each of the node point recognition patterns has a 
line Width of 100 to 150 pm. 

5. The pieZoelectric transformer according to claim 1, 
Wherein each of the node point recognition patterns has a 
length 0.5 to 3 mm. 

6. The pieZoelectric transformer according to claim 1, 
Wherein the center of the electrode surrounded by the node 
point recognition patterns corresponds to a node point, at 
Which a Wire is soldered. 

* * * * * 


