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TRANSFORMER, MULTI-OUTPUT SWITCHING
POWER SUPPLY, LIQUID CRYSTAL TELEVISION

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a wiring configu-
ration of a transformer used in a multi-output switching
power supply.

[0003] 2. Description of the Related Art

1. Field of the Invention

[0004] For example, in the liquid crystal television, a
multi-output switching power supply for generating a plu-
rality of voltages according to the voltage specification of
each part of the television is incorporated. Generally, the
multi-output switching power supply includes a rectifying
circuit for rectifying an AC voltage, a transformer which
primary winding is provided with the output of the rectifying
circuit and from which secondary winding a plurality of
voltages are taken out, a switching element connected to the
primary winding of the transformer, a feedback circuit for
feeding back a predetermined voltage taken out from the
secondary winding, and a switching control circuit for
controlling the operation of the switching element based on
the output of the feedback circuit. Examples of such multi-
output switching power supply are disclosed in patent article
1 and patent article 2 to be hereinafter described.

[0005] FIG. 4 is a schematic cross sectional view showing
a wiring configuration of a conventional transformer 30 used
in the multi-output switching power supply. Reference char-
acter 30a is a bobbin on which the wiring is winded, and a
bias winding B, primary windings P1 and P2, and secondary
windings S1 to Sn are winded on the bobbin 30a. The wiring
configuration of the switching power supply transformer is
disclosed in patent article 3 to be hereinafter described. The
switching power supply of the present article is not of a
multi-output type.

Patent article 1: Japanese Laid-Open Publication No. 2003-
153530

Patent article 2: Japanese Laid-Open Publication No.
10-327581

Patent article 3: Japanese Laid-Open Publication No. 2000-
184714

[0006] The multi-output switching power supply has a
problem in that noise is produced at the primary winding
since the voltage regulation in the primary winding is large,
which noise influences the secondary winding. Thus, in a
case of the transformer 30 shown in FIG. 4, each voltage
output from the secondary winding S1 to Sn fluctuates and
variation becomes large due to noise produced at the primary
windings P1, P2. Further, the voltage induction by the
leakage inductance tends to occur at the wiring with large
output voltage out of the secondary windings S1 to Sn since
the number of windings of the coil is large, which may cause
excess output due to the voltage induction.

[0007] As a countermeasure thereof, a method of arrang-
ing a circuit for suppressing noise or inductive voltage on the
primary side and the secondary side of the transformer is
proposed, but this increases the number of circuit compo-
nents and leads to increase in cost. Although the output
voltage is desirably stabilized without arranging an extra
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circuit, an effective solution for the above problem is not
described in patent article 1 to patent article 3. Patent article
1 discloses a technique for noise measure, but increase in
cost is inevitable since a semiconductor element for short
circuiting the secondary side of the transformer is essential.
Patent article 2 also discloses a technique for suppressing
noise or ripple, but the problem of increase in cost cannot be
resolved since an additional wiring is required. Patent article
3 aims to eliminate lowering in bonding degree in time of
low voltage input to enhance power conversion efficiency,
and does not respond to the above problem. The present
article also has a feature in the wiring configuration of the
primary side, but does not have a feature in the wiring
configuration on the secondary side as in the present inven-
tion to be hereinafter described.

SUMMARY OF THE INVENTION

[0008] The present invention thus aims to suppress influ-
ence of noise of the primary winding and voltage induction
by leakage inductance without requiring an extra circuit to
obtain a stable output voltage.

[0009] The transformer according to the present invention
is a transformer for multi-output switching power supply in
which an output of a rectifying circuit is supplied to a
primary winding, a plurality of voltages are taken out from
a secondary winding, and a predetermined voltage taken out
is fed back to the primary side, and the operation of a
switching element connected to the primary winding is
controlled based on the feed back, wherein the secondary
winding for outputting a voltage to be fed back out of the
secondary windings winded around a bobbin is divided into
a first layer and a second layer, and a secondary winding for
outputting a voltage not fed back is winded between the first
layer and the second layer.

[0010] A multi-output switching power supply according
to the present invention is a multi-output switching power
supply comprising a rectifying circuit for rectifying an AC
voltage, a transformer to which primary winding is provided
with an output of the rectifying circuit and from which
secondary winding a plurality of voltages supplied to each
part are taken out, a switching element connected to the
primary winding of the transformer, a feedback circuit for
feeding back a predetermined voltage taken out from the
secondary winding, and a switching control circuit for
controlling the operation of the switching element based on
the output of the feedback circuit; wherein a secondary
winding for outputting a voltage fed back by the feedback
circuit out of the secondary windings winded on a bobbin of
the transformer is divided into a first layer and a second
layer, a secondary winding for outputting a voltage not fed
back is winded between the first layer and the second layer,
and the secondary winding of the first layer and the second
layer is regular winded.

[0011] The secondary winding (feedback line) for output-
ting the voltage fed back to the primary side is a winding that
has a stable output voltage due to feedback control com-
pared to other secondary windings and that has minimum
noise out of the secondary windings. Thus, the relevant
secondary winding is able to be used as a shield member.
Focusing on this point in the present invention, the relevant
secondary winding is divided into two layers, and other
secondary windings are arranged between the layers, so that
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noise caused by voltage fluctuation of the primary winding
superimposing the other secondary windings or voltage
induction being caused by leakage inductance are sup-
pressed by the shield effect of the secondary winding of two
layers. Therefore, the noise or voltage induction on the
secondary side is suppressed and a stable output voltage is
obtained by simply modifying the winding method of the
secondary winding of the transformer without requiring an
additional circuit component. As a result of stable output
voltage, a design that takes into consideration the variation
of voltage is unnecessary in the peripheral circuit, and a
degree of margin is increased.

[0012] In the present invention, by winding the secondary
winding of the first layer and the second layer in a regular
winding, a gap is not created between the windings as in the
space winding, and the windings are winded in a closely
attaching state, whereby the shield effect by the secondary
winding is further enhanced, and the noise or voltage
induction at the other secondary windings are more effec-
tively suppressed. In particular, since voltage induction by
leakage inductance is likely to occur at the secondary
winding having a great number of windings (large output
voltage), it is effective to shield with the secondary winding
of two layers of regular winding.

[0013] The transformer and the multi-output switching
power supply according to the present invention are suited
to, for example, a liquid crystal television. The liquid crystal
television includes a tuner, a signal processing part for
processing a television signal extracted at the tuner, a liquid
crystal panel for displaying a predetermined picture based
on a picture signal processed in the signal processing part,
a back light for illuminating the liquid crystal panel, a voice
output part for outputting voice based on a voice signal
processed in the signal processing part, and a power supply
circuit for supplying voltage to each part; the power supply
circuit including a rectifying circuit for rectifying an AC
voltage, a transformer to which primary winding an output
of the rectifying circuit is provided with and from which
secondary winding a plurality of voltages supplied to each
part is taken out, a switching element connected to the
primary winding of the transformer, a feedback circuit for
feeding back a predetermined voltage taken out from the
secondary winding, and a switching control circuit for
controlling the operation of the switching element based on
the output of the feedback circuit; wherein a secondary
winding for outputting a voltage fed back by the feedback
circuit out of the secondary windings winded on a bobbin of
the transformer is divided into a first layer and a second
layer, a secondary winding for outputting a voltage not fed
back is winded between the first layer and the second layer,
and the secondary winding of the first layer and the second
layer is regular winded.

[0014] Ina case of the liquid crystal television, the voltage
supplied to each part such as the tuner, the amplifier, the
back light, the liquid crystal panel, the microcomputer and
the like each differs, and various types of power supply
voltages are generated in the power supply circuit. However,
by adopting the present invention, a stable voltage can be
supplied to each part of the liquid crystal television even if
the type of power supply voltage is increased, thereby
contributing to improving the quality.

[0015] According to the present invention, the influence of
noise of the primary winding, or the voltage induction by the
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leakage inductance is suppressed by simply modifying the
winding method of the secondary winding of the trans-
former, and a stable output voltage is obtained. Further, this
can be realized inexpensively without increasing the cost
since an extra circuit is not required.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a circuit diagram showing one example of
a multi-output switching power supply;

[0017] FIG. 2 is a schematic cross sectional view showing
a winding configuration of a transformer according to the
present invention;

[0018] FIG. 3 is a schematic block diagram showing one
example of a liquid crystal television applied with the
present invention; and

[0019] FIG. 4 is a schematic cross sectional view showing
a winding configuration of a conventional transformer.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0020] The embodiment of the present invention will now
be described based on the figures. FIG. 1 is a circuit diagram
showing one example of a multi-output switching power
supply A. Reference character 2 is a rectifying circuit for full
wave rectifying the AC voltage of the power supply 1 and
reference character 3 is a transformer which primary wind-
ings P1, P2 are provided with the output of the rectifying
circuit 2 and from which secondary windings S1 to Sn a
plurality of voltages V1 to Vn are taken out. The rectifying
diodes D1 to Dn are arranged for each secondary winding S1
to Sn on the secondary side of the transformer 3, and
smoothing capacitors C1 to Cn are arranged for each sec-
ondary winding S1 to Sn. Q is a switching element con-
nected to the primary windings P1, P2 of the transformer 3
and is made of, for example, MOS-FET. R is a resistor
connected in series with the switching element Q. Reference
character 4 is a switching control circuit for controlling the
operation of the switching element Q, and B is a bias
winding for turning ON/OFF the switching element Q by
oscillation. Reference character 5 is a feedback circuit for
feeding back one of the voltages taken out from the sec-
ondary windings S1 to Sn of the transformer 3, and is
configured by a photocoupler and the like. The output of the
feedback circuit 5 is provided to the switching control circuit
4. In the present embodiment, the output voltage V1 of the
secondary winding S1 of the transformer 3 is fed back by the
feedback circuit 5.

[0021] The circuit itself of the multi-output switching
power supply A described above is well known, employing
an RCC (Ringing Choke Converter) switching regulator.
The current that flows to the primary windings P1, P2 is
intermitted through the ON/OFF operation of the switching
element Q by self exciting oscillation, where the energy is
stored in the transformer 3 during the period in which the
switching element Q is turned ON, and the stored energy is
discharged to the secondary side during the period in which
the switching element Q is turned OFF, so that a plurality of
voltages V1 to Vn are taken out from the secondary wind-
ings S1 to Sn. The voltages V1 to Vn are supplied to each
load (not shown). Since the voltage V1 is an output voltage
to be fed back, when the voltage V1 fluctuates due to
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fluctuation of the load and the like, feedback is performed to
the primary side through the feedback circuit 5, and the
output voltage V1 is maintained constant by controlling the
switching operation (frequency or pulse width) of the
switching element Q with the switching control circuit 4.

[0022] FIG. 2 is a schematic cross sectional view showing
a winding configuration of the transformer 3 according to
the present invention. Reference character 3a is a bobbin on
which the winding is winded, and the bias winding B,
primary windings P1 and P2, and the secondary windings S1
to Sn shown in FIG. 1 are winded on the bobbin 3a. The
secondary winding S1 that outputs the voltage V1 to be fed
back out of the secondary windings S1 to Sn is divided into
a first layer Sla and a second layer S15. The layers Sla, S15,
however, configure one winding S1 as shown in FIG. 1 in
terms of a circuit. Other secondary windings S2 to Sn, that
is, the secondary windings that output the voltages V2 to Vn
that are not fed back are winded between the first layer Sla
and the second layer S15. Both first layer S1a and second
layer S1b6 of the secondary winding S1 are winded in a
regular winding instead of in a space winding. The regular
winding is a method of winding with the windings closely
contacted without forming a space between the windings.

[0023] Thus, the noise or voltage induction on the sec-
ondary side of the transformer 3 is suppressed by dividing
the secondary winding S1 applied with feedback into two
layers and arranging the other windings S2 to Sn not applied
with feedback in between. The reasons for this will be
explained below.

[0024] Inthe transformer 3, noise is easily produced at the
primary windings P1, P2 since the voltage regulation AV/At
is large, and this noise influences the voltage of the second-
ary winding. However, the secondary winding S1 is less
likely to be subjected to the influence of noise produced at
the primary windings P1, P2 and the influence of the leakage
inductance, and the voltage fluctuation is extremely small
since the output voltage is stabilized by the feedback control.
That is, the secondary winding S1 is the most electrically
stable winding out of the secondary windings. On the
contrary, the voltages of other secondary windings S2 to Sn
fluctuate when subjected to the influence of noise of the
primary windings P1, P2 since the feedback control is not
performed. Furthermore, a problem of voltage induction by
the leakage inductance arises in the secondary windings S2
to Sn, and in particular, the voltage induction easily occurs
at the secondary winding having a large output voltage since
the number of windings of the coil is large, and thus the
output becomes an excess due to the voltage induction.
According to a configuration of sandwiching the other
secondary windings S2 to Sn with the first layer S1a and the
second layer S15 of the secondary winding S1 as shown in
FIG. 2, each layer Sla, S1b of the secondary winding S1
functions as a shield member. The noise of the primary
windings P1, P2 is thus suppressed from influencing the
other secondary windings S2 to Sn by the shield effect, and
the voltage induction caused by the leakage inductance is
suppressed, and the voltage fluctuation is reduced.

[0025] In this case, since each layer Sla, S1b of the
secondary winding S1 is winded in a regular winding, a gap
is not created between the windings as in the space winding,
and the secondary winding S1 is winded around the bobbin
3a in a closely contact manner. Consequently, the shield
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effect by the secondary winding S1 is further enhanced, and
the noise or voltage induction at the other secondary wind-
ings S2 to Sn is more effectively suppressed. In particular,
since the voltage induction caused by the leakage inductance
is likely to occur at the secondary windings having large
number of windings, it is effective to shield with the
secondary winding S1 of two layers of regular winding as
described above.

[0026] In the embodiment, the noise or voltage induction
at the secondary windings S2 to Sn not applied with feed-
back is suppressed, and the output voltage of small fluctua-
tion can be taken out by devising a winding configuration of
the secondary winding of the transformer 3. Therefore, a
stable voltage is obtained without arranging a special circuit,
and is realized inexpensively without increasing the cost. As
a result of stabilizing the output voltage, a design that takes
into consideration the variation of voltage also becomes
unnecessary at the peripheral circuits, and thus the degree of
margin increases.

[0027] FIG. 3 is a schematic block diagram showing one
example of a liquid crystal television 50 applied with the
present invention. Reference character 51 is an antenna for
receiving airwaves, reference character 52 is a tuner for
extracting a television signal of a predetermined channel
from the airwave received at the antenna 51, reference
character 53 is a signal processing part for processing the
television signal extracted at the tuner 52, and reference
character 54 is a microcomputer arranged in the signal
processing part 53. The microcomputer 54 performs various
processes other than the process of the television signal, but
is shown as one part of the signal processing part 53 for the
sake of convenience. Reference character 55 is a DVD
(Digital Versatile Disk) block incorporated in the television,
and reference character 56 is a microcomputer arranged in
the DVD block 55. The DVD block 55 is arranged with a
disc loader for taking in and ejecting the DVD, a recordation
and reproduction circuit for performing read and write of
information with respect to the DVD, a signal processing
circuit for processing a reproduction signal and a recordation
signal, and the like (not shown). Reference character 57 is a
liquid crystal panel for displaying a predetermined picture
based on the picture signal processed in the signal process-
ing part 53 and the DVD block 55, reference character 58 is
a back light for illuminating the liquid crystal panel 57, and
reference character 59 is a voice output part for outputting
voice based on the voice signal processed in the signal
processing part 53 and the DVD block 55. The voice output
part 59 is configured by an amplifier, a speaker and the like.
Reference character 60 is a power supply circuit for sup-
plying voltage to each part, and includes the multi-output
switching power supply A shown in FIG. 1, and uses the
transformer 3 shown in FIG. 2 as the power supply trans-
former.

[0028] As shown with a broken line in FIG. 3, various
types of power supply voltages are supplied from the power
supply circuit 60 to each part of the liquid crystal television
50. The illustrated example is merely an example, where
40V is supplied to the tuner 52, 4.5V to the DVD block 55,
7.5V to the microcomputers 54 and 56, 12V to the voice
output part 59, 13V to the back light 58, and -8V to the
liquid crystal panel 57. Since the voltage specifications of
each part are different, various types of power supply
voltage are generated by the multi-output switching power
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supply A in the power supply circuit 60. However, by using
the transformer 3 of the present invention as the power
supply transformer, a stable voltage is supplied to each part
of the liquid crystal television 50 even if a great number of
types of power supply voltage exist, thereby contributing to
improving the quality.

[0029] With regards to the example of FIG. 3, stabilization
by the feedback control with respect to the power supply
voltage 13V for the back light 58 is achieved due to the
necessity in maintaining the brightness of the screen of the
liquid crystal panel 57 constant, and the first layer Sla and
the second layer S15 of FIG. 2 are configured by the
secondary winding (S1 in FIG. 1) that outputs the voltage
13V. The secondary windings (S2 to Sn in FIG. 1) that
output other voltages are winded between each layer Sla,
S15. Consequently, even with the secondary winding with
the most number of windings that outputs the voltage of 40V,
the voltage fluctuation by noise or voltage induction
becomes small due to the shield effect of two layers, the
variation of the drive voltage of the tuner 52 is reduced, and
a stable channel selecting operation is performed.

[0030] In the above embodiment, an example in which a
plurality of secondary windings S2 to Sn are winded
between the first layer Sla and the second layer S15 of the
secondary winding S1 has been given, but the secondary
winding to be winded between the first layer Sla and the
second layer S15 may be singular according to the number
of voltages taken out from the secondary side of the trans-
former 3.

[0031] Inthe above embodiment, an example in which the
liquid crystal television 50 incorporates the DVD block 55
is given, but the liquid crystal television 50 may not incor-
porate the DVD block.

[0032] Further, in the above embodiment, an example in
which the transformer 3 and the multi-output switching
power supply A of the present invention are used in the
liquid crystal television 50 is given, but the present invention
may be applied to a CRT television or plasma display
television other than the liquid crystal television, and further,
may be applied to various electrical equipments other than
the television such as a disc recording and reproducing
device, a projector and the like.

What is claimed is:

1. A liquid crystal television comprising a tuner, a signal
processing part for processing a television signal extracted at
the tuner, a liquid crystal panel for displaying a predeter-
mined picture based on a picture signal processed in the
signal processing part, a back light for illuminating the
liquid crystal panel, a voice output part for outputting voice
based on a voice signal processed in the signal processing
part, and a power supply circuit for supplying voltage to
each part; the power supply circuit being a multi-output
switching power supply including a rectifying circuit for
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rectifying an AC voltage, a transformer to which primary
winding an output of the rectifying circuit is provided with
and from which secondary winding a plurality of voltages
supplied to each part is taken out, a switching element
connected to the primary winding of the transformer, a
feedback circuit for feeding back a predetermined voltage
taken out from the secondary winding, and a switching
control circuit for controlling the operation of the switching
element based on the output of the feedback circuit; wherein

a secondary winding for outputting a voltage fed back by
the feedback circuit out of the secondary windings
winded on a bobbin of the transformer is divided into
a first layer and a second layer, a secondary winding for
outputting a voltage not fed back is winded between the
first layer and the second layer, and the secondary
winding of the first layer and the second layer is regular
winded.

2. A transformer for multi-output switching power supply
in which an output of a rectifying circuit is supplied to a
primary winding, a plurality of voltages are taken out from
a secondary winding, and a predetermined voltage taken out
is fed back to the primary side, and the operation of a
switching element connected to the primary winding is
controlled based on the feed back, wherein

the secondary winding for outputting a voltage to be fed
back out of the secondary windings winded around a
bobbin is divided into a first layer and a second layer,
and a secondary winding for outputting a voltage not
fed back is winded between the first layer and the
second layer.

3. The transformer according to claim 2, wherein the
secondary winding of the first layer and the second layer is
regular winded.

4. A multi-output switching power supply comprising a
rectifying circuit for rectifying an AC voltage, a transformer
to which primary winding is provided with an output of the
rectifying circuit and from which secondary winding a
plurality of voltages are taken out, a switching element
connected to the primary winding of the transformer, a
feedback circuit for feeding back a predetermined voltage
taken out from the secondary winding, and a switching
control circuit for controlling the operation of the switching
element based on the output of the feedback circuit; wherein

a secondary winding for outputting a voltage fed back by
the feedback circuit out of the secondary windings
winded on a bobbin of the transformer is divided into
a first layer and a second layer, a secondary winding for
outputting a voltage not fed back is winded between the
first layer and the second layer, and the secondary
winding of the first layer and the second layer is regular
winded.



