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(54) Flat display apparatus and high-voltage power supply

(57) A flat display apparatus has a flat display panel;
a frame that is installed on a rear face side of the display
panel; a cover that covers at least a rear face side of the
frame; and a high-voltage power supply that applies high
voltage to the display panel. The high-voltage power sup-

ply has a plurality of cases, each of which encloses one
or more transformers and rectifier circuits, and obtains
high voltage by connecting the plurality of cases in series,
and the plurality of cases are arranged in a space created
between the frame and the cover so as to be disposed
on a plane in parallel with a screen of the display panel.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a flat display
apparatus, and more particularly to a circuit configuration
of and mounting method for a high-voltage power supply
of a flat display apparatus.

Description of the Related Art

[0002] As a flat display apparatus, an electron beam
display apparatus, such as an FED (Field Emission Dis-
play), plasma display apparatus and liquid crystal display
apparatus are known. For such a flat display apparatus,
a high-voltage power supply may be used for applying
voltage to the display panel. For example, Japanese Pat-
ent Application Laid-open No. 2008-4323 discloses a
configuration to dispose a high-voltage power supply for
supplying anode voltage to the rear face side of a display
panel using a cold cathode electron-emitting device.
[0003] Along with demands for a slimmer image dis-
play apparatus, a smaller size and slimmer construction
of a high-voltage power supply are also demanded. How-
ever the downsizing of a high-voltage power supply is
not easy, since a booster circuit, to stably generate a
desired high voltage, is required. A slimmer apparatus
also increases the risk of generating an arc discharge
between the high-voltage power supply and peripheral
structure. Japanese Patent Application Laid-open No.
H4-167409 discloses a configuration for preventing an
arc discharge in the high-voltage power supply of a CRT
by securing a predetermined spatial distance between a
case (outer shell) enclosing a flyback transformer and
peripheral structure. However even if the structure dis-
closed in Japanese Patent Application Laid-open No.
H4-167409 is directly applied to the flat display appara-
tus, demands for a slimmer apparatus cannot be satis-
fied.

SUMMARY OF THE INVENTION

[0004] The present invention provides a high-voltage
power supply which suppresses the generation of an arc
discharge, and contributes to implementing a slimmer
flat display apparatus.
[0005] The present invention in its first aspect provides
a flat display apparatus as specified in claims 1 to 5.
[0006] The present invention in its second aspect pro-
vides a high-voltage power supply as specified in claims
6 to 10.
[0007] According to the present invention, a high-volt-
age power supply which suppresses the generation of
an arc discharge and contributes to implementing a slim-
mer flat display apparatus can be provided.
Further features of the present invention will become ap-

parent from the following description of exemplary em-
bodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Fig. 1 is a circuit diagram depicting a major portion
of the high-voltage power supply of the first embod-
iment;
Fig. 2 is a diagram depicting a mounted state of the
high-voltage power supply of the first embodiment;
Fig. 3 is a diagram depicting a mounted state of the
high-voltage power supply of the second embodi-
ment;
Fig. 4 is a diagram depicting a configuration of the
flat display apparatus;
Fig. 5 is a cross-sectional view depicting a mounted
state and spatial distance of the high-voltage power
supply of the flat display apparatus;
Fig. 6 is a diagram depicting a configuration of an
experiment apparatus for checking the spatial dis-
tance;
Fig. 7 is a graph depicting an experiment result of
the spatial distance; and
Fig. 8A is a circuit diagram depicting a major portion
of the high-voltage power supply, and Fig. 8B is a
diagram depicting a mounted state of the circuit com-
ponents of the high-voltage power supply.

DESCRIPTION OF THE EMBODIMENTS

[0009] The present invention is applied to a flat display
apparatus, comprising a flat display panel, a frame in-
stalled on the rear face side of the display panel, a cover
that covers at least the rear face side of the frame, and
a high-voltage power supply that applies high voltage to
the display panel. As a flat display apparatus, an electron
beam display apparatus, plasma display apparatus and
liquid crystal display apparatus are known, but the
present invention can be applied to any type of display
apparatuses which require a high-voltage power supply.
The electron beam display apparatus, in particular, is a
preferred embodiment of the present invention, since an-
ode voltage of the kilovolt order is used for accelerating
electrons. A display panel of an electron beam display
apparatus has a rear plate on which a plurality of electron-
emitting devices are arranged in a matrix and a face plate
on which a fluorescent substance is disposed, and anode
voltage is supplied to the face plate. Examples of the
electron-emitting device are a surface-conduction elec-
tron-emitting device, a field emission type electron-emit-
ting device, and MIM type electron-emitting device. Ex-
amples of the field emission type are the Spindt type, the
GNF (Graphite Nano-Fiber) type and the CNT (Carbon
Nano-Tube) type.

1 2 



EP 2 282 623 A2

3

5

10

15

20

25

30

35

40

45

50

55

(Configuration of image display apparatus)

[0010] An image display apparatus using a surface-
conduction electron-emitting device will be described as
an example of the flat display apparatus to which the
present invention is applied.
[0011] Fig. 4 is a diagram depicting a configuration of
the image display apparatus. The image display appa-
ratus has a display panel 100, modulation driver 110,
scan driver 120 and high-voltage power supply 1. The
display panel 100 has a rear plate 101 and a face plate
105. A plurality of surface-conduction electron-emitting
devices 102, a plurality of modulation wirings 103 and a
plurality of scan wirings 104 are formed on the rear plate
101. Each electron-emitting device 102 is formed near
an intersection of a modulation wiring 103 and a scan
wiring 104, and is electrically connected to the modula-
tion wiring 103 and the scan wiring 104. The modulation
wiring 103 and the scan wiring 104 are insulated by an
insulating layer, which is not illustrated. This structure is
called a "simple matrix" structure. A black matrix, a fluo-
rescent substance and metal back (anode electrode),
which are not illustrated, are formed on the face plate
105. In Fig. 4, a partially transparent face plate 105 is
illustrated to make description easier. The matrix panel
100 is an airtight container, and the space between the
rear plate 101 and the face plate 105 is kept in a vacuum,
so that emitted electrons can move. The surface of this
face plate 105 is the screen on which an image is dis-
played.
[0012] The high-voltage power supply 1 supplies high
voltage to a metal back of the face plate 105 via a high-
voltage terminal, which is not illustrated. For the structure
of the high-voltage terminal, a known technology (e.g.
see Japanese Patent Application Laid-open No.
2006-156092) can be used.
[0013] In Fig. 4, scan wirings 104 are sequentially se-
lected corresponding to a horizontal synchronization sig-
nal of an image signal. During the selection period, a
predetermined selection potential (selection signal) is
supplied from the scan driver 120. On the other hand, a
modulation signals corresponding to luminance data of
an image signal are supplied from the modulation driver
110 to the modulation wirings 103. Thereby drive voltage,
which is a potential difference between the selection sig-
nal and modulation signal, is applied to each of the elec-
tron-emitting device 102 of a selected line, and electrons
are emitted. Then the corresponding one line of fluores-
cent substance emits light with luminance according to
the luminance data. By performing this operation for all
the lines, one screen image is formed. The modulation
method of the modulation driver 110 may be any one of
pulse width modulation, amplitude (pulse height) modu-
lation, and combination of pulse width modulation and
amplitude modulation.
[0014] The high-voltage power supply 1 applies volt-
age (anode voltage) for accelerating the electrons emit-
ted by the electron-emitting device 102 to the metal back

of the face plate 105 in order to obtain desired luminance
(brightness) . In the image display apparatus under de-
velopment by the present inventors, the voltage of the
high-voltage power supply 1 is preferably around 12 kV.
The voltage of the high-voltage power supply 1 is deter-
mined by the required luminance (brightness), a value of
current emitted by the electron-emitting device, a number
of pixels to be displayed, among other factors, and may
have a voltage value other than 12 kV.

(Mounting of high-voltage power supply)

[0015] A method for mounting the high-voltage power
supply of the flat display apparatus will be described with
reference to Fig. 5. Fig. 5 is a cross-sectional view de-
picting a mounted state and spatial distance of a high-
voltage power supply of an image display apparatus. The
horizontal direction of Fig. 5 indicates the thickness di-
rection of the image display apparatus (direction perpen-
dicular to the screen), and the left side of Fig. 5 is the
front face side, and right side thereof is the rear side. The
frame 200 formed of such conductive material as metal
is installed on the rear face side of the flat display panel
100. This frame 200 is a supporting member to support
the display panel 100 and provide rigidity to the entire
apparatus. A circuit board including a drive circuit, which
is not illustrated, and high-voltage power supply 1 as well
is installed on the frame 200. The reference number 201
denotes a cover of the image display apparatus. The cov-
er 201 covers an area from the circumference (portion
after excluding the screen) of the display panel 100 to
the rear face side of the frame 200. This cover 201 as
well is formed of such conductive material as metal. The
frame 200 and cover 201 are maintained at ground po-
tential.
[0016] The high-voltage power supply 1 is disposed in
a space created between the frame 200 and cover 201.
The high-voltage power supply 1 is comprised of a high-
voltage unit case 2 and a printed circuit board 3. The
high-voltage unit case 2 encloses a high-voltage circuit
portion of the high-voltage power supply 1, and insulating
and impregnating material is filled into the case (outer
shell). Circuits other than the high-voltage circuit portion
of the high-voltage power supply 1 are mounted on the
printed circuit board 3. The printed circuit board 3 is in-
stalled on the frame 200 via the spacers 210. Reference
numeral 211 designates screws for securing the printed
circuit board 3. In order to suppress an arc discharge of
the high-voltage power supply 1, the height of the spacer
210 and the shape of the cover 201 are designed so as
to create desired spatial distances Ld and Lu. Ld is a
spatial distance between the high voltage unit case 2 and
frame 200, and Lu is a spatial distance between the high
voltage unit case 2 and cover 201.

(Examination of spatial distance)

[0017] The desired spatial distances Ld and Lu, re-
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quired for the high-voltage power supply, will now be de-
scribed.
[0018] Fig. 6 is a diagram depicting an experiment ap-
paratus for checking the spatial distance. In Fig. 6, 300
is a DC power supply, 301 is an AC power supply, 302
is a high-voltage electrode, and 303 is an insulating case
enclosing the high-voltage electrode 302. An insulating
and impregnating material is filled into the outer shell of
the insulating case 303, whereby a necessary DC with-
stand voltage is implemented. Reference numeral 304
designates a test probe, which is a ground potential. Ref-
erence numeral 310 designates an equivalent capaci-
tance between the high-voltage electrode 302 and the
surface of the outer shell of the insulating case 303, and
311 is an equivalent capacitance between the surface of
the outer shell of the insulating case 303 and the test
probe 304.
[0019] Using the experiment apparatus in Fig. 6, a
peak-to-peak voltage (discharge start voltage p-p) of the
AC power supply 301, at which a sustained corona dis-
charge starts, and the distance (gap) between the test
probe 304 and insulating case 303, are measured. Fig.
7 shows a graph on the experiment result when the volt-
age (offset voltage) of the DC power supply 300 is
changed. As Fig. 7 shows, the voltage, at which a sus-
tained corona discharge starts, is determined not by the
DC voltage (offset voltage), but by the AC voltage alone
(discharge start voltage p-p).
[0020] The corona discharge by the DC voltage can
be completely prevented by filling with impregnating ma-
terial. In the case of AC voltage, however, current flows
due to the equivalent capacitances 310 and 311 shown
in Fig. 6. In this case, as spatial distance becomes small-
er, the equivalent capacitance 311 increases, therefore
impedance decreases, and the possibility for a corona
discharge to be sustained by the AC voltage increases.
[0021] The spatial distance at which corona discharge
starts is as follows.

(1) If the DC withstand voltage is secured, the spatial
distance at which corona discharge starts is deter-
mined by AC voltage (DC voltage is unrelated).
(2) An insulator has a higher relative static permit-
tivity than space (air), so if an insulator is inserted
into the space between the case and another mem-
ber (frame 200, cover 201), the equivalent capaci-
tance 311 increases. Hence the distance between
the case and the other member (total of the thickness
of the insulator and spatial distance) must be set to
be longer than the spatial distance in the case of an
insulator not inserted.

[0022] If a corona discharge is sustained, the interface
of the insulating case 303 or the like deteriorates, and if
the deterioration advances, it is possible that the corona
discharge turns into an arc discharge. Therefore the co-
rona discharge must be prevented by decreasing the
equivalent capacitances 310 and 311. For the equivalent

capacitance 310, an impregnating material can be se-
lected and designed according to the DC withstand volt-
age that is required. To suppress the corona discharge,
the equivalent capacitance 311 in the space must be
small. In other words, a corona discharge is prevented
by securing the spatial distance between the case and
other members.
[0023] As described above, in order to guarantee reli-
ability, a spatial distance at which a corona discharge is
not generated must be secured. In an actual product,
desired spatial distances Ld and Lu are determined by
adding the design margins to the distance where a corona
discharge is not generated, and a high-voltage power
supply is mounted so that the spatial distances Ld and
Lu can be secured.

(Spatial distance of high-voltage power supply)

[0024] The spatial distance required for the high-volt-
age power supply is examined.
[0025] Fig. 8A is a circuit diagram depicting a major
portion of the high-voltage power supply. Fig. 8B is a
diagram depicting the mounting of circuit components of
the high-voltage power supply. A 150 V DC voltage, for
example, is applied to a primary side power supply input
terminal 11. Reference numeral 12 designates a transis-
tor, such as an FET. The transistor 12 turns the primary
side power supply ON/OFF with a several 10 kHz high
frequency, for example. Reference Numeral 20 desig-
nates a flyback transformer. The flyback transformer 20
outputs the energy, which is stored when the transistor
12 is ON, from a secondary winding when the transistor
12 is OFF. The high-voltage diode 21 rectifies the output
of the flyback transformer 20. The capacitor 22 smoothes
the output rectified by the high-voltage diode 21. The low
potential side terminal 23 is connected to the ground po-
tential. The high potential side terminal 24 is a terminal
for outputting the boosted DC voltage. The high voltage
circuit portion, such as a transformer and rectifying cir-
cuit, is covered with the outer shell of the high-voltage
unit case 2. The inside of the high-voltage unit case 2 is
filled with impregnating material having a sufficient with-
stand voltage against DC voltage. The high-voltage unit
case 2 is disposed with a predetermined spatial distance
from the conductive cover 201, which is maintained at
the ground potential.
[0026] As mentioned above, corona discharge is de-
termined by the AC voltage. In the high-voltage power
supply illustrated in Fig. 8A and Fig. 8B, the AC voltage
at node A is high, and has a peak-to-peak voltage, which
is equivalent to the DC voltage to be output to the high-
potential side terminal 24 of the high-voltage power sup-
ply.
[0027] The start voltage of the corona discharge is de-
termined by the equivalent capacitance 310 of the im-
pregnating material at node A where the AC voltage is
high, and the equivalent capacitance 311 in a nearby
space. The desired spatial distance is determined by

5 6 



EP 2 282 623 A2

5

5

10

15

20

25

30

35

40

45

50

55

adding the design margins to the spatial distance where
a corona discharge is not generated (that is, the equiv-
alent capacitance 311 of the space). In Fig. 8B, the spatial
distance from the cover 201 is shown to enhance under-
standing, but the spatial distance from the frame 200 is
also determined in the same manner.
[0028] As Fig. 5 shows, if the high voltage to be applied
to the display panel 100 is obtained by the high-voltage
power supply 1 constituted by a single high-voltage unit
case 2, the AC voltage in the high-voltage unit case 2
becomes very high. Therefore sufficient spatial distances
Ld and Lu are required between the high-voltage unit
case 2 and frame 200, and between the high-voltage unit
case 2 and cover 201, which makes it difficult to slim
down the image display apparatus.
[0029] As a result of examining a way of slimming the
high-voltage power supply, including the spatial distance,
to slim down an image display apparatus, the present
inventors discovered that the following configuration is
preferable.

• Each voltage is boosted to a voltage lower than the
target high voltage (voltage to be applied to the dis-
play panel) using a plurality of transformers. Rectifi-
cation is performed for each transformer, and DC
voltage is obtained from each transformer.

• A plurality of transformers and rectifier circuits are
packaged into (not one high-voltage unit case but)
a plurality of high-voltage cases.

• DC voltage rectified for each transformer is connect-
ed in a series, and target high voltage is obtained.

• The plurality of high-voltage unit cases are arranged
so as to be disposed on a plane in parallel with the
screen of the display panel.

[0030] The above configuration is preferable to slim
down the high-voltage power supply and the image dis-
play apparatus. This configuration not only decreases
the spatial distance between the high-voltage power sup-
ply and the frame or the cover, but also decreases the
power per transformer since a plurality of transformers
are used. As a result, the sectional area of the core of
the transformer can be decreased, and can, as a conse-
quence, make the high-voltage unit case itself smaller
and slimmer. This aspect also contributes to slimming
the image display apparatus.
[0031] Now embodiments of the present invention will
be described in detail. In the following description, con-
figuration portions unique to the embodiments of the
present invention will be described in detail, but descrip-
tion on portions that are the same as the above config-
uration (e.g. basic configuration of image display appa-
ratus) will be omitted.

(First embodiment)

[0032] Fig. 1 is a circuit diagram depicting a major por-
tion of the high-voltage power supply of the first embod-

iment of the present invention. This high-voltage power
supply has three high-voltage unit cases 2a, 2b and 2c.
The three high-voltage unit cases have essentially the
same circuit configuration.
[0033] The high-voltage unit case 2a (2b, 2c) has a
primary side power supply input terminal 11a (11b, 11c) .
A 150 V DC voltage, for example, is applied to the primary
side power supply input terminal 11a (11b, 11c). Refer-
ence numeral 12a (12b, 12c) designates a transistor,
such as an FET, that is mounted on the printed circuit
board 3. The transistor 12a (12b, 12c) is a switch to turn
the primary side power supply ON/OFF with a several 10
kHz high frequency. Reference numeral 20a (20b, 20c)
designates a flyback transformer. The flyback transform-
er 20a (20b, 20c) outputs energy, which is stored when
the transistor 12a (12b, 12c) is ON, from a secondary
winding when the transistor 12a (12b, 12c) is OFF. A
high-voltage diode 21a (21b, 21c) rectifies the output of
the flyback transformer 20a (20b, 20c). A capacitor 22a
(22b, 22c) smoothes the output rectified by the high volt-
age diode 21a (21b, 21c). A circuit comprised of the high-
voltage diode and the capacitor is called a "rectifier cir-
cuit". Reference numeral 23a (23b, 23c) designates a
low potential side terminal of a secondary circuit, and 24a
(24b, 24c) designates a high potential side terminal of
the secondary circuit.
[0034] The high-voltage circuit portion, such as a trans-
former and rectifier circuit, is covered with an outer shell
of the high-voltage unit case 2a (2b, 2c). The inside of
the high-voltage unit case 2a (2b, 2c) is filled with insu-
lating and impregnating material having a sufficient with-
stand voltage against DC voltage (also called a mold ma-
terial, sealing material or filler). For the impregnating ma-
terial, an epoxy resin, for example, is preferable. Refer-
ence numeral 25 designates an output terminal of the
high-voltage power supply, and the high voltage is sup-
plied from this output terminal 25 to a face plate of the
display panel 100.
[0035] The three high-voltage unit cases 2a, 2b and
2c, are connected in series. In other words, the low po-
tential side terminal 23a of the high-voltage unit case 2a
is connected to the ground potential, and the high poten-
tial side terminal 24a is connected to the low potential
side terminal 23b of the high-voltage unit case 2b. The
high potential side terminal 24b of the high-voltage unit
case 2b is connected to the low potential side terminal
23c of the high-voltage unit case 2c, and the high-voltage
side terminal 24c of the high-voltage unit case 2c is con-
nected to the output terminal 25. Thereby the output volt-
age of each high-voltage unit case is combined, and the
target high voltage can be obtained.
[0036] Voltage dividing resistors 26 and 27 are for di-
viding the voltage of the output terminals 25 at a desired
ratio. The potential obtained by dividing voltage is fed
back to the control circuit, which is not illustrated, via the
output node 28 (negative feedback) . The control circuit
controls the gate of the transistor 12a (12b, 12c) so that
the potential of the output node 28 becomes the same
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as the reference potential, which is not illustrated. Com-
pared with the configuration in which negative feedback
is performed on individual transformers, the advantage
of this configuration is that insulation between the primary
circuit and the secondary circuit of the transformer is un-
necessary. Another advantage is that only one system
is required for negative feedback, which simplifies the
circuit configuration. The control circuit for feedback con-
trol can be constructed using an operational amplifier or
the like. It is preferable that the voltage dividing resistors
26 and 27 are inserted in a case that is different from the
three high-voltage unit cases 2a, 2b and 2c, and the in-
side of the outer shell thereof is filled with an insulating
and impregnating material, which has sufficient with-
stand voltage against DC voltage. It is also preferable to
connect such a smoothing capacitor as a film capacitor
to this case in parallel if necessary, in order to decrease
the ripple voltage.
[0037] In this embodiment, three transformers are
used as an example, but the number of transformers can
be two or four or more to expect the effect of the present
invention. In terms of manufacturing cost, an appropriate
number of transformers is ten or less. The appropriate
number of transformers is determined by the voltage and
current to be supplied to the face plate and the required
thickness. In the case of the image display apparatus
using the surface-conduction electron-emitting device,
which the present inventors are developing, the output
voltage of the high-voltage power supply is 12 kV, and
the appropriate number of transformers is three to six.
For example, in the case of the configuration using three
transformers, as shown in Fig. 1, if the target output volt-
age is 12 kV, the output voltage of each transformer can
be designed to be 4 kV.
[0038] In the configuration shown in Fig. 1, the nodes
of which the AC voltage is high are node Aa, node Ab
and node Ac. The AC voltage at these nodes is 1/3 of
the voltage required for boosting using a single trans-
former. In other words, since an AC voltage to determine
the start of a corona discharge is lower, the spatial dis-
tances Ld and Lu can be decreased compared to the
configuration of a single transformer.
[0039] Fig. 2 shows a mounting state of the high-volt-
age power supply according to the first embodiment of
the present invention. The vertical direction in Fig. 2
shows the thickness direction of the image display ap-
paratus (direction perpendicular to the screen), the bot-
tom side in Fig. 2 is the front face side, and the top side
is the rear face side. The high-voltage power supply is
disposed in the space created between the frame 200
and cover 201. The high-voltage power supply is com-
prised of the printed circuit board 3 and three high-voltage
unit cases 2a, 2b and 2c, mounted on the printed circuit
board 3. The printed circuit board 3 is secured to the
frame 200 via the spacers 210 by screws 211. Here the
three high-voltage unit cases 2a, 2b and 2c, are arranged
to be disposed on a plane in parallel with the screen of
the display panel. In other words, the three high-voltage

unit cases 2a, 2b and 2c, are in a same position (or sub-
stantially same position) in the thickness direction. In this
case, the height of the spacers 210 and the shape of the
cover 201 are designed so that the desired spatial dis-
tances Ld and Lu are created between the high-voltage
cases 2a, 2b and 2c, and the frame 200 or cover 201. In
the printed circuit board 3, it is better not to dispose con-
ductive members, such as wirings, in the area between
the high-voltage unit cases 2a, 2b and 2c and the frame
200. In this example, the spacer 210 is a separate mem-
ber from the frame 200, but may be created by partially
bending the plate of the frame 200. Any structure can be
used only if the printed circuit board 3 can be secured in
a predetermined position by which the spatial distances
Ld and Lu can be secured.
[0040] According to the above mentioned configura-
tion of the present embodiment, the spatial distances Ld
and Lu to be secured around each high-voltage unit case
can be decreased than the prior art, because the AC
voltage in each high-voltage unit case is decreased. In
addition, the sectional area of the core of the transformer
can be decreased, therefore, as a result, the high-voltage
unit case itself can be smaller and slimmer. Consequently
a major slimming of the image display apparatus be-
comes possible.

(Second embodiment)

[0041] Fig. 3 shows an embodiment of a high-voltage
power supply according to the second embodiment of
the present invention.
The circuit configuration of the high-voltage power supply
of the second embodiment is the same as that of the first
embodiment shown in Fig. 1. In Fig. 3, a composing el-
ement the same as the first embodiment is denoted with
a same reference symbol.
[0042] The difference of the high-voltage power supply
of the second embodiment from the first embodiment is
that a plurality of openings are created in the printed cir-
cuit board 3, and each high-voltage unit case is disposed
in the opening. The rest of the first embodiment is the
same as the second embodiment.
[0043] According to the configuration of the present
embodiment, the thickness of the printed circuit board 3,
having a high relative static permittivity, is removed from
the spatial distance between the high-voltage cases 2a,
2b and 2c and case 200. Therefore compared with the
first embodiment, the spatial distance Ld can be de-
creased further, and the image display apparatus can be
slimmer yet.
[0044] According to the present embodiment, the high-
voltage case can be smaller and lighter since the trans-
former is divided. Thereby the mounting form shown in
Fig. 3 becomes possible. In other words, if one high-volt-
age unit case is used, a large size and heavy weight are
required for the high-voltage unit case, in order to obtain
the necessary power. Therefore creating openings in the
printed circuit board is difficult in terms of rigidity and
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vibration testing. Whereas according to the present em-
bodiment, the high-voltage unit case is small and light,
which makes it possible to create openings in the printed
circuit board.
[0045] In other words, the opening of the printed circuit
board may be a cutout portion that is created from the
periphery of the printed circuit board. In other words, any
shape of the opening can be used, only if the printed
circuit board is not positioned between the high-voltage
unit case and the frame.
[0046] (Other embodiments) In the above embodi-
ment, an example of boosting performed by the flyback
type DC/DC converter was shown, but the present inven-
tion can be applied to a forward type and other types of
circuit configuration. As the rectifier circuit, it is preferable
to use a voltage-doubler rectifier circuit. This is because
the AC voltage can be decreased with respect to the out-
put voltage of the high-voltage power supply, and the
spatial distance can be decreased.
[0047] In the above embodiment, one transformer is
packaged in one high-voltage unit case respectively, but
two or more transformers connected in series may be
packaged in each high-voltage unit case. If a number of
high-voltage unit cases is decreased, cost can be de-
creased.
[0048] In the above embodiment, a cover 201 made
from conductive material is used, but a resin cover may
be used. In this case, a conductive shield plate can be
disposed between the resin cover and the high-voltage
power supply. In this case, it is designed such that the
distance between the high-voltage unit case and the
shield plate satisfies the desired spatial distance Lu.
[0049] In the above embodiment, a plurality of high-
voltage unit cases are disposed one dimensionally, but
may be disposed two dimensionally on a plane in parallel
with the screen of the display panel. Here "a plane in
parallel with the screen" includes not only a plane that is
strictly (mathematically and geometrically) in parallel, but
a plane that is substantially in parallel. For example, if
bumps are on the frame 200 or if the frame 200 is slightly
inclined with respect to the screen, due to a physical re-
striction or design restriction, it may be difficult to dispose
the high-voltage unit cases strictly in parallel with the
screen. However, if a plurality of high-voltage unit cases
are arranged roughly in parallel with the screen, then the
requirement for slimming, which is the target of the
present invention, can be implemented. Therefore "a
plane in parallel with the screen" refers to "a plane along
the screen".
[0050] In the above embodiment, an example of ap-
plying the present invention to the image display appa-
ratus using the surface-conduction electron-emitting de-
vice was described, but the present invention can be ap-
plied to all kinds of flat display apparatuses that require
high voltage.
[0051] Another effect of the present invention is that
cost can be decreased by mass production, since a plu-
rality of high-voltage unit cases having a same configu-

ration are used. The maintenance parts, such as the high-
voltage unit case, can be smaller, which decreases man-
agement cost.
[0052] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.
[0053] A flat display apparatus has a flat display panel;
a frame that is installed on a rear face side of the display
panel; a cover that covers at least a rear face side of the
frame; and a high-voltage power supply that applies high
voltage to the display panel. The high-voltage power sup-
ply has a plurality of cases, each of which encloses one
or more transformers and rectifier circuits, and obtains
high voltage by connecting the plurality of cases in series,
and the plurality of cases are arranged in a space created
between the frame and the cover so as to be disposed
on a plane in parallel with a screen of the display panel.

Claims

1. A flat display apparatus, comprising:

a flat display panel;
a frame that is installed on a rear face side of
the display panel;
a cover that covers at least a rear face side of
the frame; and
a high-voltage power supply that applies high
voltage to the display panel, wherein
the high-voltage power supply has a plurality of
cases, each of which encloses one or more
transformers and rectifier circuits, and obtains
high voltage by connecting the plurality of cases
in series, and
the plurality of cases are arranged in a space
created between the frame and the cover so as
to be disposed on a plane in parallel with a
screen of the display panel.

2. The flat display apparatus according to Claim 1,
wherein each of the cases is arranged to maintain
predetermined spatial distances from the frame and
the cover.

3. The flat display apparatus according to Claim 1 or
2, wherein
the high-voltage power supply further has a voltage
dividing resistor that divides the high voltage that is
output from the high-voltage power supply, and a
control circuit that controls the output voltage of each
of the cases by feeding back a potential obtained by
dividing voltage.
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4. The flat display apparatus according to any one of
Claims 1 to 3, wherein
the high-voltage power supply has a printed circuit
board that is installed in the frame via a spacer,
the printed circuit board has an opening, and
each of the cases is disposed in the opening and
mounted on the printed circuit board.

5. The flat display apparatus according to any one of
Claims 1 to 4, wherein inside of the case is filled with
insulating and impregnating material.

6. A high-voltage power supply for applying high volt-
age to a flat display panel in a flat display apparatus
having the flat display panel, a frame that is installed
on a rear face side of the display panel, and a cover
that covers at least a rear face side of the frame,
the high-voltage power supply having a plurality of
cases, each of which encloses one or more trans-
formers and rectifier circuits, and obtaining high volt-
age by connecting the plurality of cases in series, and
the plurality of cases being arranged in a space cre-
ated between the frame and the cover so as to be
disposed on a plane in parallel with a screen of the
display panel.

7. The high-voltage power supply according to Claim 6,
wherein each of the cases is arranged to maintain
predetermined spatial distances from the frame and
the cover.

8. The high-voltage power supply according to Claim
6 or 7, further comprising:

a voltage dividing resistor that divides the high
voltage that is output from the high-voltage pow-
er supply; and
a control circuit that controls output voltage of
each of the cases by feeding back a potential
obtained by dividing voltage.

9. The high-voltage power supply according to any one
of Claims 6 to 8, further comprising a printed circuit
board that is installed in the frame via a spacer,
wherein
the printed circuit board has an opening, and
each of the cases is disposed in the opening and
mounted on the printed circuit board.

10. The high-voltage power supply according to any one
of Claims 6 to 9, wherein inside of the case is filled
with insulating and impregnating material.

13 14 



EP 2 282 623 A2

9



EP 2 282 623 A2

10



EP 2 282 623 A2

11



EP 2 282 623 A2

12



EP 2 282 623 A2

13



EP 2 282 623 A2

14



EP 2 282 623 A2

15



EP 2 282 623 A2

16



EP 2 282 623 A2

17

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2008004323 A [0002]
• JP H4167409 B [0003]

• JP 2006156092 A [0012]


	bibliography
	description
	claims
	drawings

