EP 3 267 444 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
10.01.2018 Bulletin 2018/02

(21) Application number: 16178163.8

(22) Date of filing: 06.07.2016

(11) EP 3 267 444 A1

EUROPEAN PATENT APPLICATION

(51) IntClL:

HO1F 3114 (2006.01) HO1F 27/30 (2006.0%)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(71) Applicant: Tamura Corporation
Tokyo 178-8511 (JP)

(72) Inventor: OGAWA, Hiroo
Saitama, 350-0214 (JP)

(74) Representative: Hooiveld, Arjen Jan Winfried et al
Arnold & Siedsma
Bezuidenhoutseweg 57
2594 AC The Hague (NL)

(54)

(57) A transformer being capable of suppressing the
output voltage difference, and a switched-mode power
supply apparatus using the transformer are provided. A
transformer T has a core 10; a primary winding 11 pro-
vided in the core 10; a gap 15 provided in the core 10 at
a location where the primary winding 11 is provided; and
at least two secondary windings 12, 13 provided in the
core 10 and spaced apart from both sides of the primary
winding 11 as well as the gap 15 at an equal distance in
a winding axis direction of the primary winding 11. A
switched-mode power supply apparatus has the trans-
former T; a switching element connected to the primary
winding 11 of the transformer T; and a control circuit con-
figured to control the switching element.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a transformer
and a switched-mode power supply apparatus using the
same, particularly a configuration of the transformer.

2. Background of the Invention

[0002] In order to operate an electrical device or elec-
trical circuit, stable DC voltage is required and a switched-
mode power supply apparatus has been conventionally
used for this purpose. The switched-mode power supply
apparatus rectifies and smooths a voltage which is sup-
plied by an external power source; performs switching
operation due to a semiconductor switching element to
input the voltage into a primary winding of the transform-
er; and supplies DC voltage from a secondary winding
to a load through a smoothing operation performed by a
smoothing circuit. Furthermore, an output voltage is mon-
itored, and the time ratio of the semiconductor switching
element is adjusted by a control circuit so that the output
voltage is constantly maintained.

[0003] Asthe switched-mode power supply apparatus,
multi-output switched-mode power supply apparatus has
been conventionally known. A transformer for the above
multi-output switched-mode power supply apparatus has
a core, a primary winding which is provided in a core,
and at least two secondary windings which are also pro-
vided in the core.

[Citation List]
[Patent Literature]

[0004] [PLT 1] Japanese Publication 05-049257(A)

SUMMARY OF THE INVENTION
[Problem to be solved]

[0005] In such a multi-output transformer in which at
least two secondary windings are provided, a distance
from a gap which is provided in the core to each of the
secondary windings is different from each other, which
renders the inductance of each secondary winding dif-
ferent. Such a conventional multi-output transformer is
provided as a cross-sectional view in FIG. 14. Referring
to FIG. 14, the secondary windings 112, 113 which are
disposed at both sides of the primary winding 111 are
asymmetrically disposed with respect to the gap 115
which is provided in the core 110. In other words, the
secondary windings 112, 113 are not spaced apart from
the gap 115 at an equal distance. In this case, due to the
different distance between each of the secondary wind-
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ing 112, 113 and the gap 115, the inductances become
different. Forthe above reasons, the output voltages from
the secondary windings 112, 113 differ from each other.
[0006] Furthermore, even if each of the secondary
windings 112, 113 is spaced apart from the gap 115 at
an equal distance, as shown in FIG. 16, due to the dis-
tance difference between each of the secondary winding
112, 113 and the primary winding 111, the coupling co-
efficient of the secondary windings 112, 113 with respect
to the primary winding 111 become different from each
other. For the above reasons, the output voltages from
the secondary windings 112, 113 differ from each other.
[0007] The invention has been made for solving the
above problems or drawbacks, and provides atransform-
er being capable of suppressing the output voltage dif-
ference, and a switched-mode power supply apparatus
using the transformer.

[Solution to solve the problem]
[0008]

(1) An embodiment of the transformer has a core; a
primary winding provided in the core; a gap provided
in the core at a location where the primary winding
is provided; and atleast two secondary windings pro-
vided in the core and spaced apart from both sides
of the primary winding as well as the gap at an equal
distance in a winding axis direction of the primary
winding.

The embodiment of the transformer may have the
following configuration.

(2) The transformer may further have at least two
auxiliary windings provided in the core. The auxiliary
windings may respectively neighbor the secondary
windings in the winding axis direction of the primary
winding, and be connected in parallel to each other.
(3) The transformer may further have at least two
auxiliary windings provided in the core. The second-
ary windings may be disposed closer to the primary
winding than the auxiliary windings.

(4) An embodiment of a switched-mode power sup-
ply apparatus has the transformer in accordance with
the above (1); a switching element connected to the
primary winding of the transformer; and a control cir-
cuit configured to control the switching element.
Moreover, the transformer may have the configura-
tion of the above (2) or (3).

[Effect of the invention]

[0009] Inaccordance withthe invention, the transform-
er in which the inductance difference and the difference
of the coupling coefficient with respect to the primary
winding between the two secondary windings are de-
creased to suppress the output voltage difference be-
tween the secondary windings, and the switched-mode
power supply apparatus using the transformer can be
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obtained.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1 is a schematic cross-sectional view showing
an entire configuration of a first embodiment of a
transformer.

FIG. 2is a circuit diagram of a switched-mode power
supply apparatus provided with the first embodiment
of the transformer.

FIG. 3 is a graph showing an output voltage from
each of secondary windings of the first embodiment
of the transformer in the elapsed time.

FIG. 4 is a schematic cross-sectional view showing
an entire configuration of the second embodiment of
a transformer.

FIG. 5is a circuit diagram of a switched-mode power
supply apparatus provided with the second embod-
iment of the transformer.

FIG. 6 is a graph showing an output voltage (after
rectification) from each of secondary windings of the
first embodiment of the transformer with a changed
load balance in the elapsed time.

FIG. 7 is a graph showing an output voltage (after
rectification) from each of secondary windings of the
second embodiment of the transformer with a
changed load balance in the elapsed time.

FIG. 8A shows an output voltage waveform (before
rectification) of a secondary winding in a case where
a current flowing through a secondary winding 12 is
OA (i.e., no load) and a current flowing through a
secondary winding 13 is 0.1A.

FIG. 8B shows an output voltage waveform (before
rectification) of a secondary winding in a case where
a current flowing through a secondary winding 12 is
0.1A and a current flowing through a secondary
winding 13 is 0A (i.e., no load).

FIG. 9A is a graph showing a voltage of an auxiliary
winding of the first embodiment of the transformer
with a changed load balance in the elapsed time in
a case where a current flowing through one of the
secondary windings is 0.1A and a current flowing
through the other of the secondary windings is OA.

FIG. 9B is a graph showing a voltage of an auxiliary
winding of the first embodiment of the transformer
with a changed load balance in the elapsed time in
a case where a current flowing through one of the
secondary windings is OA and a current flowing
through the other of the secondary windings is 0.1A.
FIG. 10is a graph showing a voltage of each of aux-
iliary windings of the second embodiment of the
transformer in the elapsed time.

FIG. 11 shows a voltage waveform (before rectifica-
tion) in a case where a current flowing through a
secondary winding 12 is OA and a current flowing
through a secondary winding 13 is 0.1A.
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FIG. 12 is a schematic cross-sectional view showing
an entire configuration of another embodiment of a
transformer.

FIG. 13 is a circuit diagram of a switched-mode pow-
er supply apparatus provided with another embodi-
ment of the transformer.

FIG. 14 is a schematic cross-sectional view showing
an entire configuration of a conventional transform-
er.

FIG. 15 is a graph showing an output voltage from
each of secondary windings of the conventional
transformer in the elapsed time.

FIG. 16 is a schematic cross-sectional view showing
an entire configuration of a conventional transform-
er.

FIG. 17 is a graph showing an output voltage from
each of secondary windings of the conventional
transformer in the elapsed time.

DETAILED DESCRIPTION OF THE INVENTION

[0011] With reference to the accompanying drawings,
an embodiment of a transformer in accordance with the
invention and a switched-mode power supply apparatus
provided with the transformer will be hereinafter de-
scribed. The embodiment of the transformer is firstly de-
scribed and the configuration of the switched-mode pow-
er supply apparatus using the transformer is described
later.

[1. First Embodiment]
[1-1. Configuration]

[0012] FIG. 1is aschematic cross-sectional view of an
entire configuration of the first embodiment of a trans-
former in accordance with the invention. A transformer
T transforms a voltage which is supplied by an external
power source, and provides electric power to a load such
as an external device or a circuit connected to the trans-
former T. Referring to FIG. 1, the transformer T has a
core 10, a winding 11 provided in the core 10, at least
two secondary windings 12, 13 (in the embodiment, two
secondary windings), and an auxiliary winding 14.
[0013] The core 10 is amagnetic body such as a ferrite
magnetic core, a laminated steel plate and a compressed
powder magnetic core. While in the embodiment the core
10 has a cross-section of approximately 6 shape, the
shape ofthe core 10 is not limited thereto. This is because
it would be enough that the primary winding 11, the sec-
ondary windings 12, 13, and the auxiliary winding 14 can
be mounted or provided thereto.

[0014] The core 10 has a linear center leg portion 10a
in the center portion thereof. The center log portion 10a
is provided with the windings 11-14 such that the winding
axis of the windings 11-14 is arranged on the same line
C. Agap 15is provided in the core 10 at a location where
the primary winding 11 is provided. In other words, the
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gap 15 is provided in the center leg portion 10a. Further-
more, the secondary windings 12, 13, and the auxiliary
winding 14 are wound around the center leg portion 10a
in a state the polarity thereof is reversed with respect to
the polarity of the primary winding 11. The core 10, the
windings 11-14 are respectively insulated by a bobbin
(not shown) formed of insulating material such as resin.
[0015] The primary winding 11 is connected to an ex-
ternal power source, and supplies electric power to the
secondary windings 12, 13 and the auxiliary winding 14.
The secondary windings 12, 13 are connected to the load
such as the external device or the external circuit be-
tween both terminals, and supply electric power which is
supplied by the primary winding 11 to the circuit or the
load. The secondary windings 12, 13 are connected to,
for example, a buffer circuit for operating IGBT, MOS,
and the like.

[0016] The secondary windings 12, 13 are disposed at
both sides of the primary winding 11 in a winding axis of
the primary winding 11. In other words, both of the sec-
ondary windings 12 and 13 are disposed adjacent to the
primary winding 11. Preferably, the secondary windings
12 and 13 are respectively spaced apart from the primary
winding 11 at an equal distance in the winding axis of the
primary winding 11. Furthermore, the secondary wind-
ings 12, 13 are respectively spaced apart from the gap
15 at an equal distance in the winding axis of the primary
winding 11.

[0017] Inthis embodiment, the secondary windings 12,
13 are respectively spaced apart from the primary wind-
ing 11 as well as the gap 15 at an equal distance in the
winding axis of the primary winding 11. In other words,
the secondary windings 12, 13 are symmetrically ar-
ranged with respect to the primary winding 11, and are
symmetrically arranged with respect to the gap 15.
[0018] The auxiliary winding 14 is connected to a con-
trol circuit for controlling a switching element which is
described below. The auxiliary winding 14 receives elec-
tric power from the primary winding 11 to provide electric
power voltage for driving the control circuit. While the
auxiliary winding 14 is disposed next to the secondary
winding 13 in the same winding axis as the secondary
winding 13, it may be disposed next to the secondary
winding 12.

[0019] Suchatransformer T canbe usedinaswitched-
mode power supply apparatus. FIG. 2 is a circuit diagram
of a switched-mode power supply apparatus provided
with the first embodiment of the transformer. Since the
transformer T is provided with a plurality of the secondary
windings 12,13 (in the embodiment, two secondary wind-
ings), the switched-mode power supply apparatus pro-
vided with the embodiment of the transformer (i.e., the
transformer T) corresponds to a multi-output power sup-
ply apparatus. The switched-mode power supply appa-
ratus is, for example, a flyback switched-mode power
supply apparatus, and used for switching a semiconduc-
tor.

[0020] Specifically, the switched-mode power supply
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apparatus has the transformer T, a switching element
21, a control circuit 22 for controlling the switching ele-
ment 21, diodes 23, 24, and capacitors 25, 26. The
switched-mode power supply apparatus may have arec-
tifying/smoothing circuit. The rectifying/smoothing circuit
is connected between the external power source and the
primary winding 11 of the transformer T to rectify and
smooth the voltage supplied by the external power
source.

[0021] The switching element 21 is a semiconductor
switching element such as FET. The switching element
21 is connected to the primary winding 11 of the trans-
former T to control the input voltage into the primary wind-
ing 11. The control circuit 22 is equipped with IC, and
connected to the switching element 21 and the auxiliary
winding 14 which is provided at the output side. The con-
trol circuit 22 receives the power voltage supply from the
auxiliary winding 14 to control the time ratio of on/off of
the switching element 21 for the purpose of controlling
the input voltage into the primary winding 11. In other
words, the control circuit 22 performs a control for the
purpose of keeping the output voltage of the secondary
windings 12 and 13 at a predetermined voltage.

[0022] For example, the control circuit 22 may have
voltage monitoring means for detecting the voltage of the
auxiliary winding 14, smoothing means such as a capac-
itor for smoothing the output voltage from the auxiliary
winding 14, a photocoupler provided with a light-emitting
element and a light-receiving element, and IC. In this
case, as an exemplary control performed by the control
circuit 22, an output voltage value from the auxiliary wind-
ing 14 which is smoothed by the smoothing means and
detected by the voltage monitor means is firstly input into
the IC. The IC calculates the output voltage of the sec-
ondary windings 12, 13 based on the (output) voltage
value, and the winding number ratio of the auxiliary wind-
ing 14 and the secondary windings 12 and 13, and gen-
erates the control signal for stabilizing the output voltage
of the secondary windings 12, 13 based on the output
voltage of the secondary windings 12, 13. The IC outputs
the control signal at the light-emitting element of the pho-
tocoupler which is connected to the IC. The light-emitting
element converts the input control signal into optical sig-
nal, and outputs the optical signal at the light-receiving
element which is connected to the switching element 21.
Furthermore, the light-receiving element converts the in-
put optical signal into electric signal, and changes the
time ratio of the switching element 21 based on the elec-
tric signal.

[0023] The capacitors 25, 26 are connected to the sec-
ondary windings 12, 13. The diodes 23, 24 are connected
between the secondary windings 12, 13 and the capac-
itors 25, 26 to rectify the output voltage from the second-
ary windings 12 and 13. Furthermore, the capacitors 25,
26 smooth the rectified voltage and generate DC voltage.
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[1-2. Action and effect]
[0024]

(1) The embodiment of the transformer T has the
core 10, the primary winding 11 provided in the core
10, the gap 15 provided in the core 10 at the location
where the primary winding 11 is provided, and the
at least two secondary windings 12, 13 which are
provided in the core 10 and spaced apart from the
both sides of the primary winding 11 as well as the
gap 15 at an equal windings 12, 13 in the winding
axis of the primary winding 11. Due to the above
configuration, the inductance difference as well as
the difference of coupling coefficient with respect to
the primary winding 11 between the two secondary
windings 12, 13 can be reduced, thereby suppress-
ing the difference between the output voltages of the
two secondary windings 12, 13 when the output volt-
ages of the two secondary windings 12, 13 are sta-
bilized, as shown in FIG. 3.

[0025] More specifically, the effect of the embodiment
is explained in comparison to the conventional technol-
ogies. In the conventional transformer in which the sec-
ondary windings 112, 113 that are disposed at both sides
of the primary winding 111 are not spaced apart from the
gap 115 at an equal distance, if the inductance values of
the secondary windings 112, 113 are two-figure (digit)
pHand the inductance value difference between the sec-
ondary windings 112, 113 is single-figure (digit) wH, the
output voltages of the second windings differ from each
other, as shownin FIG. 15. This is because the difference
between the inductance values of the secondary wind-
ings 112, 113 is great. In an example as shown in FIG.
14, the inductance values are equalized to only the level
of two figure (digit). To the contrary, the inductance val-
ues of the secondary windings 12 and 13 of the trans-
former T (i.e., the embodiment of the transformer) are
equalized to the level of the first decimal place. That is,
there is two-figure (digit) difference between the conven-
tional technologies and the embodiment of the transform-
er in terms of the correspondence of the inductance val-
ues.

[0026] Furthermore, as shown in FIG. 16, in a case of
the conventional transformer in which the secondary
windings 112, 113 are spaced apart from the gap 115 at
an equal distance but not spaced apart from the primary
winding 111 atan equal distance, if the inductance values
of the secondary windings 112, 113 are two-figure pH
and the inductance value difference between the sec-
ondary windings 112, 113 is the first decimal place (nH),
the output voltages of the second windings 112, 113 differ
from each other, as shown in FIG. 17. This is because
the inductance values of the secondary windings 112,
113 are almost equal but there is a difference of the cou-
pling with the primary winding 111 between the second-
ary windings 112, 113. In an example as shown in FIG.

10

15

20

25

30

35

40

45

50

55

16, the inductance values are equalized to only the level
of single figure (digit). Furthermore, the coupling coeffi-
cient values of the secondary windings 112, 113 with
respect to the primary winding 111 are equalized to only
the level of the first decimal place. On the other hand,
the inductance values of the secondary windings 12 and
13 of the transformer T (i.e., the embodiment of the trans-
former) are equalized to the level of the first decimal
place. That is, there is single figure (digit) difference be-
tween the conventional technologies and the embodi-
ment of the transformer in terms of the correspondence
of the inductance values. Furthermore, in the transformer
T (i.e., the embodiment of the transformer) the coupling
coefficient values with respect to the primary winding 11
are equalized to the level of the second decimal place.
That is, there is single figure (digit) difference between
the conventional technologies and the transformer T (i.e.,
the embodiment of the transformer) in terms of the cor-
respondence of the coupling coefficient values.

[0027] As described previously, in accordance with the
embodiment, the difference of the coupling coefficient
with respect to the primary winding 11 and the inductance
difference between the secondary windings 12, 13 can
be reduced. Therefore, the transformer being capable of
synergistically suppressing the difference between the
output voltages from the secondary windings 12, 13 and
the switched-mode power supply apparatus using the
same transformer can be obtained.

[2. Second embodiment]
[2-1. Configuration]

[0028] The second embodiment is described with ref-
erence to FIGS. 4-11. The configuration of the second
embodiment is basically equal to that of the first embod-
iment. Therefore, only the difference between the second
embodiment and the first embodiment will be described.
The same part or portion is denoted by the same refer-
ence numeral, and detailed description thereofis omitted.
[0029] FIG. 4 is a schematic cross-sectional view
showing an entire configuration of the second embodi-
ment of a transformer. FIG. 5 is a circuit diagram of a
switched-mode power supply apparatus provided with
the second embodiment of the transformer. The second
embodiment is different from the first embodiment in that
at least two auxiliary windings 14, 16 (two auxiliary wind-
ings in the embodiment) are provided.

[0030] In other words, the second embodiment is dif-
ferent from the first embodiment in that each of the aux-
iliary windings 14, 16 neighbors respectively each of the
secondary windings 12, 13 in the winding axis direction
of the windings 11-13, and connected in parallel to each
other. Each of the auxiliary winding 14 and 16 is spaced
apart from the gap 15 at an equal distance and arranged
symmetrically with respect to the gap 15, in the winding
axis direction. However, the auxiliary windings 14 and 16
may not be necessarily arranged symmetrically with re-



9 EP 3 267 444 A1 10

spect to the gap 15.

[0031] Furthermore, in the embodiment the secondary
windings 12, 13 are arranged closer to the primary wind-
ing 11 than the auxiliary windings 14, 16. Each of the
windings 11-16 is insulated by the bobbin that is formed
of insulating material such as resin. Furthermore, as
shown in FIG. 5, the auxiliary windings 14, 16 are con-
nected in parallel to the control circuit 22.

[2-2. Action and effect]
[0032]

(1) The action and effect of the embodiment (i.e., the
second embodiment) will be explained in compari-
son to that of the first embodiment. In the second
embodiment, even in a case where the load is un-
balanced (for example, a case where two different
loads are respectively connected to the secondary
windings 12, 13), variation in the output voltage of
the secondary windings 12, 13 can be suppressed.
Furthermore, the configuration of the second em-
bodiment can be applied to any transformer which
is provided with the primary winding and two or more
secondary windings.

[0033] Firstly, FIG. 6 shows the waveform of the output
voltage of each of the secondary windings 12, 13 in a
case where the balance of the load is changed in the
configuration of the first embodiment. Specifically, FIG.
6 is an example of an output voltage waveform (after
rectification) in a case where the current of the secondary
winding 12 is 0A and the current of the secondary winding
13 is 0.1A. The width between the dotted lines corre-
sponds to the width between the maximum output voltage
of the secondary winding 12 and the minimum output
voltage of the secondary winding 13. It can be seen that
the gap or interval is about 4.25 V.

[0034] Onthe otherhand, the second embodiment has
two or more auxiliary windings 14, 16, which in the wind-
ing axis direction of the primary winding 11, respectively
neighbor the secondary windings 12, 13, and are con-
nected in parallel to each other. Due to this configuration,
even in a case where the load becomes unbalanced,
cross regulation can be improved. For example, FIG. 7
shows an output voltage waveform of the secondary
windings 12, 13 (after rectification) when the balance of
the load is changed. The condition of FIG. 7 is similar to
that of FIG. 6 in that the current of the secondary winding
12 is OA and the current of the secondary winding 13 is
0.1A. As shownin FIG. 7, the width between the dot-and-
dash lines of the maximum output voltage and the mini-
mum output voltage of the secondary windings 12, 13 is
about 2.25V, which is less than the width (about 4.25V)
between the dotted lines as shown in FIG. 6 and means
that variation in the output voltage is less. In other words,
it can be seen that the stability of the output voltage is
improved, and the cross regulation is improved.
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[0035] The reason for above phenomenon orimprove-
ment can be explained in view of the first embodiment.
In the first embodiment, when the load becomes unbal-
anced, a distortion (i.e., a turn) is created in the output
voltage waveform of the secondary winding at the no-
load side. An example is shown in FIGS. 8A and 8B.
FIGS. 8A and 8B show the output voltage waveform of
secondary winding before rectification. FIG. 8A shows
the output voltage waveform in a case where a current
flowing through the secondary winding 12 is OA (no load)
and a current flowing through the secondary winding 13
is 0.1A. FIG. 8B shows the output voltage waveform in
a case where a current flowing through the secondary
winding 12is 0.1A and a current flowing through the sec-
ondary winding 13 is OA (no load). As such, the distortion
in the output voltage waveform at the no-load side means
corresponding or proportional variation (change) in the
output voltage.

[0036] Furthermore, in a case where the distortion is
created in the output voltage waveform of the secondary
winding, the distortionis also created in the voltage wave-
form of the auxiliary winding 14 neighboring the above
secondary winding. For example, the voltage waveform
of the auxiliary winding 14 as shown in FIG. 9B in a case
where the current flowing through the secondary winding
12 that is disposed away from the auxiliary winding 14 is
0.1A and the current flowing through the secondary wind-
ing 13 that is disposed adjacent to the auxiliary winding
14 is OA is different from the voltage waveform of the
auxiliary winding 14 as shown in FIG. 9Ain a case where
the current flowing through the secondary winding 12 that
is disposed away from the auxiliary winding 14 is OA and
the current flowing through the secondary winding 13 that
is disposed adjacent to the auxiliary winding 14 is 0.1A
in the range of from 260 to 262 s (time), and the distor-
tion is created in FIG. 9B. Since the auxiliary winding 14
is arranged away from the secondary winding 12 and
adjacent to the secondary winding 13, the coupling co-
efficients between the auxiliary winding 14 and each of
the secondary windings 12, 13 are different from each
other. For the above reasons, the ways of action through
the magnetic field of the auxiliary winding 14 on each of
the secondary windings 12, 13 are different, and the cross
regulation is thus less likely to be improved.

[0037] On the other hand, in the embodiment, the two
auxiliary windings 14, 16 are provided in the core 10 and
connected in parallel to each other. Accordingly, the aux-
iliary windings 14, 16 is shorted to each other, and the
waveforms of the auxiliary windings 14, 16 are equalized.
For example, FIG. 10 shows the voltage waveforms of
the auxiliary windings 14, 16 in a case where the current
of the secondary winding is OA and the current of the
secondary winding 13 is 0.1A. It can be seen that the two
voltage waveforms are made same. Furthermore, since
the auxiliary winding 14 neighbors the secondary winding
13 and the auxiliary winding 16 neighbors the secondary
winding 12, the magnetic field generated by each of the
auxiliary winding 14, 16 respectively exerts its action on
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each of the secondary windings 13, 12 which neighbors
each of the auxiliary windings 14, 16.

[0038] In other words, when the load becomes unbal-
anced, the voltage waveform of one of the secondary
windings 12, 13 is normal and the distortion occurs in the
voltage waveform of the other of the secondary windings
12, 13. Along with this, due to the distorted voltage wave-
form of the secondary winding 12, 13 the voltage wave-
form of the auxiliary winding 14, 16 neighboring the sec-
ondary winding 12, 13 having the distorted voltage wave-
form also becomes distorted. However, the voltage
waveform of the auxiliary winding 14, 16 which neighbors
the secondary winding 12, 13 having the normal voltage
waveform is normal, and the two auxiliary windings 14,
16 are shorted to each other. As a result, the voltage
waveform of the auxiliary winding 14 16 which neighbors
the secondary winding 12, 14 having the distorted voltage
waveform is normalized. The auxiliary windings 14, 16
having the normalized voltage waveform exerts its action
on the secondary winding 12, 13 having the distorted
voltage waveform, thereby rendering the distorted volt-
age waveform normal. As such, the distortion is alleviat-
ed. In one example, FIG. 11 shows the voltage waveform
(before rectification) in a case where the current of the
secondary winding 12 is 0OA and the current of the sec-
ondary winding 13 is 0.1A. As shown by the circular dot-
ted line in FIG. 11, the projection (about 20V) in the volt-
age waveform of the secondary winding 12 (FIG. 11) is
further lowered in comparison to the projection (about
21V) in the voltage waveform of the secondary winding
12 as shown in FIG. 8A. Therefore, it can be seen that
the distortion is alleviated. As described above, the volt-
age waveforms of the secondary windings 12, 13 (before
rectification) are improved such that they are equalized,
the cross regulation can be reduced.

(2) In the embodiment, the secondary windings 12,
13 are arranged closer to the primary winding 11
than the auxiliary winding 14, 16. Due to this, the
coupling coefficient between each of the secondary
windings 12, 13 and the primary winding 11 can be
increased, thereby improving the transformation
(conversion) efficiency of the transformer.

[3. Other embodiments]

[0039] The invention is not limited to above embodi-
ments, and also encompasses other embodiments de-
scribed below. Furthermore, by properly combining a plu-
rality of elements described in the above embodiments
and other embodiments described below, various mod-
ification can be made. During the implementation of the
invention, the element can be modified and embodied
without departing from the scope of the invention. For
example, one or more element may be removed, modi-
fied or replaced in the configuration of the embodiments.
An exemplary other embodiments are provided below.
Furthermore, the switched-mode power supply appara-
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tus using the transformer in accordance with the above
embodiments, or the other embodiments described be-
low and the transformer obtained by combining the above
embodiment and the other embodiment described below
are also included in the scope of the invention.

(1) While the two secondary windings 12, 13 are pro-
vided in the first and second embodiments, three or
more secondary windings may be provided. In acase
where odd numbers (for example, three) of second-
ary windings are adopted, the two of the secondary
windings 12, 13 are symmetrically arranged with re-
spectto the gap 15, and other secondary winding 17
is disposed over either of the secondary windings
12, 13, as shown in FIG. 12. In other word, the sec-
ondary winding 17 is provided outside either of the
secondary windings 12, 13 such that it is wound
around the same winding axis as either of the sec-
ondary windings 12, 13 and has a radius that is dif-
ferent from the radius of the either of the secondary
windings 12, 13. In this case, the windings are insu-
lated from each other by the resin bobbin and the like.
In a case where the even numbers of the secondary
windings are adopted, they are spaced apart from
the gap at an equal distance. If four secondary wind-
ings are provided, two of the secondary windings are
respectively disposed over other two secondary
windings, as described previously in connection with
the case where odd numbers of secondary windings
are adopted. As such, even in the case of multi-out-
put form where three or more secondary windings
are adopted, the secondary windings are symmetri-
cally arranged with respect to the gap 15 and spaced
apart from the primary winding 11 at an equal dis-
tance, thereby equalizing the inductance value and
the coupling coefficient with respect to the primary
winding 11. For the above reasons, the switched-
mode power supply apparatus being capable of sup-
pressing the difference between the output voltage
values even in multi-output form can be obtained.
(2) While in the first and second embodiments the
auxiliary windings 14, 16 and control circuit 22 are
insulated from the primary winding 11, they may be
connected to the primary winding 11, as shown in
FIG. 13. Referring to FIG. 13 in connection with the
control of the switching element 21, the control circuit
22 has a resistance for dividing the voltage of the
auxiliary winding 14, voltage monitoring means for
detecting the divided voltage, and IC. The IC calcu-
lates the output voltage of the secondary windings
12, 13 based on an input divided voltage value, a
ratio of divided voltage, and winding number ratio of
the auxiliary winding 14 and the secondary windings
12, 13. The IC generates the control signal such that
apredetermined voltage is obtained, and outputs the
control signal at the switching element 21.

(3) While in the second embodiment, two or more
auxiliary windings 14, 16 are wound around the same
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winding axis as the windings 11-13 and arranged
more away from the primary winding 11 than the sec-
ondary windings 12, 13, the above configuration can
be reversed. In other words, the auxiliary windings
14, 16 are respectively disposed at both sides of the
primary winding 11 and the secondary windings 12,
13 are respectively disposed outside the auxiliary
windings 14, 16, in the winding axis direction.

(4) While in the first and second embodiments, the
auxiliary winding 14, 16 are arranged on the same
line in the winding axis direction of the primary wind-
ing 11 such that they do not overlap the secondary
windings 12, 13, they may be arranged over and ad-
jacent to the secondary windings 12, 13 such that it
has a radius which is different from that of the sec-
ondary windings 12, 13 with respect to the winding
axis as a center. For example, the auxiliary winding
14 may be arranged outside the secondary winding
13, and the auxiliary winding 16 may be arranged
outside the secondary winding 12.

(5) While in the second embodiment, the auxiliary
windings 14, 16 are spaced apart from the gap 15
at an equal distance and symmetrically arranged
with respect to the gap 15, the invention is not limited
thereto. In other words, even in a case where the
auxiliary windings 14, 16 are not spaced apart from
the gap 15 in an equal distance and not symmetri-
cally arranged with respect to the gap 15, it would
be enough that they can evenly exert their action on
the secondary windings 12, 13. Furthermore, the
auxiliary windings 14, 16 may be arranged closer to
the primary winding 11 than the secondary windings
12, 13 in the winding axis direction.

(6) While in the second embodiment two auxiliary
winding 14, 16 are provided, three or more auxiliary
windings may be provided. For example, in a case
where three or more secondary windings are provid-
ed, the auxiliary windings may be respectively ar-
ranged adjacent to each of the secondary windings,
and connected in parallel to each other.

[Reference numeral list]

[0040]

10 core

10a center leg portion

11 primary winding

12, 13, 17 secondary winding

14, 16 auxiliary winding

15 gap

21 switching element

22 control circuit

23, 24 diode (i.e., rectifying means)

25, 26 capacitor (i.e., smoothing means)

T transformer

Cline shared by the winding axis of the primary wind-
ing and the winding axis of the secondary winding
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Claims

1.

A transformer, comprising:

a core;
a primary winding provided in the core;

a gap provided in the core at a location where
the primary winding is provided; and

at least two secondary windings provided in the
core and spaced apart from both sides of the
primary winding as well as the gap at an equal
distance in a winding axis direction of the prima-
ry winding.

The transformer in accordance with claim 1, further
comprising at least two auxiliary windings provided
in the core, wherein the auxiliary windings respec-
tively neighbor the secondary windings in the wind-
ing axis direction of the primary winding, and are
connected in parallel to each other.

The transformer in accordance with claim 1 or 2, fur-
ther comprising at least two auxiliary windings pro-
vided in the core, wherein the secondary windings
are disposed closer to the primary winding than the
auxiliary windings.

A switched-mode power supply apparatus, compris-
ing:

the transformer in accordance with any of claims
1-3;

a switching element connected to the primary
winding of the transformer; and

a control circuit configured to control the switch-
ing element.
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