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(57) ABSTRACT

A switching power-supply module includes circuit boards,
power conversion circuit sections provided on the respective
circuit boards, conductor land patterns provided with spacing
therebetween along edges of the circuit boards, conductor
terminals for interconnecting the conductor land patterns.
The circuit boards are stacked with spacing therebetween
with the corresponding conductor land patterns being
aligned, and the aligned conductor land patterns are intercon-
nected by the corresponding conductor terminals. At least one
of'the conductor terminals includes an interboard-connection
portion for interconnecting the conductor land patterns of the
circuit boards and a leg portion that extends from the inter-
board-connection portion in the stacking direction of the cir-
cuit boards and that defines an external-connection portion,
and the other conductor terminals each function as an inter-
board-connection dedicated terminal for providing connec-
tion between the circuit boards.

20 Claims, 8 Drawing Sheets
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1
SWITCHING POWER-SUPPLY MODULE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a switching power-supply
module in which switching power-supply circuits, such as
inverters or DC-DC converters, are provided on circuit
boards.

2. Description of the Related Art

FIG. 8A is a schematic perspective view of one example of
a switching power-supply module (e.g., Japanese Unexam-
ined Patent Application Publication No. 2002-58247). In
FIG. 8A, reference numeral 1 indicates a switching power-
supply module and reference numeral 2 (2A and 2B) indi-
cates circuit boards. Reference numeral 3 indicates electronic
components mounted on the circuit boards 2 (2A and 2B).
The electronic components 3 and wiring patterns (not shown)
define switching power-supply circuits on the circuit boards 2
(2A and 2B).

Reference numeral 4 indicates conductor land patterns,
which are provided at edges of the circuit boards 2 (2A and
2B). Reference numeral 5 indicates conductor terminals. As
shown in the side view of FIG. 8B, each terminal 5 includes a
plurality of clip portions 7 (7A and 7B) and a leg portion 8.
The clip portions 7 (7A and 7B) are provided with spacing
therebetween in the extending direction of the terminal 5, and
the leg portion 8 is arranged so as to extend downward from
the portions where the clip portions 7A and 7B are provided.
The clip portions 7 (7A and 7B) of the terminals 5 clamp the
edges of the formation portions of the conductor land patterns
4 of the circuit boards 2 (2A and 2B), such that the circuit
boards 2A and 2B can be stacked with spacing therebetween.
That is, the upper portion of each terminal 5, i.e., the portion
where the clip portions 7 (7A and 7B) are provided, functions
as an interboard-connection portion for interconnecting the
corresponding conductor land patterns 4 of the circuit boards
2A and 2B. The tip portions of the leg portions 8 of the
terminals 5 can also be connected to a motherboard 10,
thereby mounting the circuit boards 2 (2A and 2B) on the
motherboard 10.

In addition, at least one of the conductor land patterns 4
provided on each ofthe circuit boards 2A and 2B is connected
to the switching power-supply circuit provided on the circuit
board 2. The terminals 5 connect the switching power-supply
circuits, provided on the circuit boards 2A and 2B, to an
external circuit, provided on the motherboard 10, via the
corresponding conductor land patterns 4. That is, the leg
portion 8 of each terminal 5 functions as an external-connec-
tion portion for connecting the switching power-supply cir-
cuits, provided on the circuit boards 2A and 2B, to an external
circuit.

For example, the switching power-supply circuit of the
circuit board 2A and the switching power-supply circuit of
the circuit board 2B have the same circuit configuration. The
conductor land pattern 4 connected to an input portion of the
switching power-supply circuit of the circuit board 2A and
the conductor land pattern 4 connected to an input portion of
the switching power-supply circuit of the circuit board 2B are
interconnected by the corresponding terminal 5. Similarly,
the conductor land pattern 4 connected to an output portion of
the switching power-supply circuit of the circuit board 2A
and the conductor land pattern 4 connected to an output
portion of the switching power-supply circuit of the circuit
board 2B are interconnected by the corresponding terminal 5.
As a result, the switching power-supply circuit of the circuit
board 2A and the switching power-supply circuit of the cir-
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cuit board 2B are connected in parallel, such that the switch-
ing power-supply circuits operate in parallel.

With the switching power-supply module 1 as described
above, the circuit boards 2A and 2B on which the switching
power-supply circuits are provided are stacked one on the
other with spacing therebetween using the terminals 5, such
that the switching power-supply circuits on the circuit boards
2 A and 2B operate in parallel. This arrangement, for example,
increases the output power without increasing an area occu-
pied for the switching power-supply circuits on the mother-
board 10.

For example, when the upper limit of an area occupied for
the switching power-supply circuits on the motherboard 10 is
specified, configuring the switching power-supply module 1
using a plurality of stacked circuit boards increases the cir-
cuit-board surface area, as compared to a when only one
circuit board is used. An increase in the surface area of the
circuit boards facilitates heat dissipation of components
mounted on the circuit boards.

Additionally, for example, wherein the switching power-
supply module 1 must have an output power of 20 W, when a
switching power-supply circuit having an output power of 10
W is already designed, stacking two switching power-supply
circuits each having the output power of 10 W provides the
switching power-supply module 1 having the required output
power of 20 W. This reduces the time and effort required for
the design.

In the switching power-supply module 1 shown in FIGS.
8A and 8B, all of the terminals 5 have external connection
functions. Thus, this must be considered when designing the
circuits of the switching power-supply module 1, and thus,
the design freedom of circuit design decreases due to the
external connection functions provided for all the terminals 5.

In the manufacturing process of the switching power-sup-
ply module 1, after the circuit boards 2A and 2B including the
switching power-supply circuits are combined using the ter-
minals 5, the circuit operations of the switching power-supply
circuits are inspected for the presence or absence of abnor-
malities. Thus, not only when both of the switching power-
supply circuits are defective but also when one of them is
defective and the other is normal, the switching power-supply
module 1 is regarded as being defective and is discarded. That
is, even a normal switching power-supply circuit may be
discarded, which is economically disadvantageous.

In addition, in the inspection process of the switching
power-supply module 1, where the switching power-supply
module 1 malfunctions and an abnormal portion causing the
malfunction is detected, when the abnormal portion is located
on, for example, the lower circuit board 2B, it is very difficult
to repair the abnormal portion because the lower circuit board
2B is covered by the upper circuit board 2A. Thus, in such a
case, the circuit boards 2A and 2B must be disassembled so
that the lower circuit board 2B can be repaired, but such a
process greatly increases the required time and effort.

SUMMARY OF THE INVENTION

To overcome the problems described above, preferred
embodiments of the present invention provide a switching
power-supply module that easily improves the freedom of
circuit design, and a switching power-supply module that
reduces the number of switching power-supply circuits that
are wastefully discarded.

One preferred embodiment of the present invention pro-
vides a switching power-supply module. The switching
power-supply module includes circuit boards, power conver-
sion circuit sections provided on the respective circuit boards,
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conductor land patterns provided with spacing therebetween
along edges of'the circuit boards, and conductor terminals for
interconnecting the conductor land patterns. The circuit
boards are stacked with spacing therebetween with the for-
mation positions of the corresponding conductor land pat-
terns being aligned, and the aligned conductor land patterns
are interconnected by the corresponding conductor terminals.
At least one of the conductor terminals has an interboard-
connection portion for interconnecting the conductor land
patterns of the circuit boards and includes a leg portion that
extends from the interboard-connection portion in a stacking
direction of the circuit boards and that defines an external-
connection portion, thereby functioning as an interboard-
connection/external-connection terminal for providing con-
nection between the circuit boards and for providing external
connection. Each conductor terminal other than the at least
one conductor terminal functions as an interboard-connection
dedicated terminal for providing connection between the cir-
cuit boards.

Another preferred embodiment of the present invention
provides a switching power-supply module. The switching
power-supply module includes circuit boards, power conver-
sion circuit sections provided on the circuit boards, conductor
land patterns provided with spacing therebetween along
edges of the circuit boards, and conductor terminals. The
circuit boards are stacked with spacing therebetween with the
formation positions of the conductor land patterns being
aligned and ends of the conductor terminals are connected to
the corresponding conductor land patterns so as to extend in
a direction that is substantially perpendicular to major sur-
faces of the circuit boards. The conductor terminals of the
upper circuit board in the stack are spliced to the correspond-
ing conductor terminals of the lower circuit board and the
spliced portions are joined to define joined terminals. At least
one of the joined terminals has an interboard-connection por-
tion for interconnecting the conductor land patterns of the
circuit boards and has an external-connection portion extend-
ing from the interboard-connection portion in a stacking
direction of the circuit boards, thereby functioning as an
interboard-connection/external-connection terminal for pro-
viding connection between the circuit boards and for provid-
ing external connection. Each remaining joined terminal
functions as an interboard-connection dedicated terminal for
providing connection between the circuit boards.

According to preferred embodiments of the present inven-
tion, since the circuit boards having the power conversion
circuit sections are stacked with spacing therebetween, the
power output from the switching power-supply module is
greatly increased without increasing a mounting area occu-
pied on a motherboard. Also, when the upper limit of an area
required on the motherboard is specified, preferred embodi-
ments of the present invention increase the circuit-board sur-
face area by stacking the plurality of circuit boards, as com-
pared to an arrangement in which only one circuit board is
used to define a switching power-supply module. This
arrangement greatly increases heat dissipation of compo-
nents.

In addition, since not only the interboard-connection/ex-
ternal-connection terminals but also the interboard-connec-
tion dedicated terminals are provided, the design freedom is
greatly improved. This decreases the time and effort required
for the design, which reduces the cost of the switching power-
supply module. In addition, this arrangement eliminates a
connection, while needed only between the circuit boards,
that is provided for the outside, and thus, improves the elec-
trical characteristic of the switching power-supply module.
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Further, since the interboard-connection dedicated termi-
nals are provided, the switching power-supply module may
have many different circuit configurations. Thus, for
example, a circuit configuration in which all or a portion of at
least one of the input-side rectifier smoothing circuit section
and the output-side rectifier smoothing circuit section is com-
mon to a plurality of power conversion circuit sections or a
circuit configuration in which the control circuit section and
the semiconductor switch are common to circuits of a plural-
ity of circuit boards can also be used. With such a circuit
configuration, at least one of the circuit boards that are
stacked has a simplified circuit configuration in which the
common circuit portion is omitted, thereby reducing the num-
ber of components. This arrangement, therefore, reduces the
cost of switching power-supply module.

Further, for example, multiple types of circuits, each being
capable of operating as a switching power-supply circuit even
independently and having different output power, may be
provided on respective circuit boards. In this case, varying a
combination of the circuit boards that are stacked and con-
necting the switching power-supply circuits on the circuit
boards in parallel simplifies and facilitates the fabrication of
multiple types of switching power-supply modules having
different output powers. This greatly improves design effi-
ciency.

The semiconductor switches of the circuit boards may
perform the switching operations at the same switching fre-
quency and at different phases from each other. This arrange-
ment reduced input feedback noise and output ripple voltages
of the switching power-supply circuits that are DC-DC con-
verters.

Circuits on the circuit boards may have the same circuit
configuration. This arrangement eliminates the need for pre-
paring multiple types of circuit boards, and thus, greatly
improved the efficiency of circuit design and reduced main-
tenance cost of the circuit boards. This arrangement further
prevents the circuit boards from being incorrectly combined
in the manufacturing process.

The terminals preferably include clip portions that clamp
the edges of the circuit boards. This arrangement simplifies
and facilitates the connection between the terminals and the
circuit boards, which thereby improves manufacturing effi-
ciency. The terminals preferably include bent tip portions
with surfaces for surface-mount. This arrangement facilitates
mounting of the switching power-supply module on a mother
board.

Additionally, the switching power-supply module prefer-
ably includes a configuration in which the ends of the termi-
nals are connected to the conductor land patterns at the edges
of the circuit boards, and the terminals of the upper circuit
board in the stack and the terminals of the lower circuit board
are joined. This arrangement enables the circuit boards to be
individually inspected to check the circuit operations. For
example, in a conventional inspection in which the circuit
operations are inspected after a plurality of circuit boards are
stacked and combined together, when an abnormality exists
in the circuit operation of even one of the stacked circuit
boards, all of the combined circuit boards must be discarded,
which is economically inefficient, even when the combined
circuit boards include a circuit board having a normal circuit.
Also, when a portion causing an abnormal circuit operation is
found by inspection, in some cases, the abnormal portion may
berepaired. In such a case, when the abnormality exists on the
lower circuit board in the stack, it is difficult to repair the
abnormal portion because the lower circuit board is covered
by the upper circuit board. Thus, the abnormal portion must
be repaired after the switching power-supply module is dis-
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assembled into the individual circuit boards, which greatly
increases the required time and effort. In contrast, according
to preferred embodiments of the present invention, since cir-
cuit boards are individually inspected to check the circuit
operations thereof, waste is eliminated and repair is facili-
tated.

Additionally, the terminals of the upper circuit board in the
stack and the terminals of the lower circuit board are prefer-
ably joined by soldering or spot welding. This arrangement
greatly improves the connection reliability between the ter-
minals.

Other features, elements, characteristics, steps and advan-
tages of the present invention will become more apparent
from the following detailed description of preferred embodi-
ments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a switching power-supply
module according to a first preferred embodiment of the
present invention;

FIG. 2 is a circuit diagram of the switching power-supply
module according to the first preferred embodiment of the
present invention;

FIG. 3 shows exemplary waveforms of operations of major
circuit sections of switching power-supply circuits provided
in the switching power-supply module of the first preferred
embodiment of the present invention;

FIG. 4 is a circuit diagram of a second preferred embodi-
ment of the present invention;

FIGS.5A, 5B, and 5C are perspective views for explaining
a switching power-supply module according to a third pre-
ferred embodiment of the present invention;

FIGS. 6A and 6B are schematic views illustrating other
examples of connections between circuit boards using an
interboard-connection dedicated terminal,

FIG. 7 is a schematic view illustrating another example of
the terminal; and

FIGS. 8A and 8B are schematic views for explaining an
example of a switching power-supply module.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described below with reference to the accompanying draw-
ings.

FIG. 1 is a schematic perspective view of a switching
power-supply module according to a first preferred embodi-
ment of the present invention. FIG. 2 is a schematic circuit
diagram of the switching power-supply module of the first
preferred embodiment. FIG. 3 shows exemplary waveforms
of operations of major circuit sections of the switching
power-supply module of the first preferred embodiment. In
the following description of the first preferred embodiment,
the same elements and portions as those in the switching
power-supply module shown in FIGS. 8 A and 8B are denoted
with the same reference numerals and the descriptions thereof
are omitted.

A switching power-supply module 1 of a first preferred
embodiment includes a plurality of circuit boards 2 (2A and
2B). Along opposing edges of the circuit boards 2 (2A and
2B), a plurality of conductor land patterns 4 is arranged with
spacing therebetween. The circuit boards 2A and 2B are
stacked one on the other with spacing therebetween such that
the formation positions of the conductor land patterns 4 are
aligned. Two opposing conductor land patterns that are
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6

aligned with each other are interconnected by a correspond-
ing conductor terminal 5 (5a, 55, 5¢, 51, 5¢, 5h, 5i, 57, Skor 51)
or a terminal 12 (12d or 12e).

Each terminal 5 includes clip portions 7 (7A and 7B) and a
leg portion 8 as shown in FIG. 8B. Each terminal 12 also
includes clip portions that are similar to those of the terminal
5 except that the leg portion 8 is eliminated from the terminal
5. The clip portions 7 (7A and 7B) of the terminals 5 and 12
clamp the formation portions of the corresponding conductor
land patterns 4 of the circuit boards 2 (2A and 2B). As aresult,
the terminals 5 and 12 hold the circuit boards 2 (2A and 2B)
with spacing therebetween in a substantially parallel relation-
ship and provide connection between the vertically-aligned
conductor land patterns 4.

In each terminal 5, the tip portion of the leg portion 8 that
extends from the clip portions 7 (7A and 7B) in the stacking
direction of the circuit boards 2A and 2B is bent toward the
outside of the switching power-supply module 1. The bottom
surface of the bent tip portion of the leg portion 8 is disposed
on, for example, a motherboard 10 by soldering or other
suitable method. Thus, the surface of the bent tip portion of
the leg portion 8 defines a surface for surface-mounting the
switching power-supply module 1 on the motherboard 10,
and the leg portion 8 functions as an external-connection
portion for connecting the switching power-supply circuits
provided on the circuit boards 2A and 2B, to a circuit of the
motherboard 10.

As described above, each terminal 5 includes the clip por-
tions 7 (7A and 7B) that function as an interboard-connection
portion and also includes the leg portion 8 for external con-
nection. That is, each terminal 5 functions as an interboard-
connection/external-connection terminal that provides con-
nection between the circuit boards 2A and 2B and that
provides external connection. Each terminal 12, on the other
and, performs no external connection function since the ter-
minal 12 does not include the leg portion 8. Thus, each ter-
minal 12 functions as merely an interboard-connection dedi-
cated terminal, i.e., a terminal for providing connection
between the circuit boards 2A and 2B.

Referring to FIG. 2 in which the circuit configuration of the
switching power-supply module 1 of the first preferred
embodiment is shown, a DC (direct current) input power
supply 20 is connected to the switching power-supply module
1 and a load 25 is also connected to an output end of the
switching power-supply module 1.

The switching power-supply module 1 of the first preferred
embodiment includes two switching power-supply circuits
P and Pj. These switching power-supply circuits P, and P5
are forward DC-DC converter circuits. Input ends of the
switching power-supply circuits P, and Py are connected to
the DC input power supply 20 and output ends of the switch-
ing power-supply circuits P, and P are connected to the
common load 25, such that the switching power-supply cir-
cuits P, and P operate in parallel.

In the first preferred embodiment, the switching power-
supply circuit P, is provided on the upper circuit board 2A in
the stack shown in FIG. 1. Referring to FIG. 2, in the switch-
ing power-supply circuit P, reference numeral 214 indicates
an input-side rectifier smoothing circuit section, 22 is a con-
trol circuit section, 23a is a power conversion circuit section,
24a is an output-side rectifier smoothing circuit section, 30a
is a semiconductor switch, and 31a is a current detecting
resistor. The switching power-supply circuit P, on the other
hand, is provided on the lower circuit board 2B in the stack. In
the switching power-supply circuit P, reference numeral 215
indicates an input-side rectifier smoothing circuit section,
23b is a power conversion circuit section, 245 is an output-
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side rectifier smoothing circuit section, 304 is a semiconduc-
tor switch, and 3154 is a current detecting resistor.

The input-side rectifier smoothing circuit sections 21a and
2156 of the switching power-supply circuits P, and Pz have
respective input = filter circuit configurations. The input-side
rectifier smoothing circuit sections 21« and 215 include cor-
responding inductors 26 (26a and 265) and corresponding
capacitors 27 (27a and 275) and 28 (28a and 285). The power
conversion circuit section 234 and 235 include transformers
29 (29a and 295), respectively. The output-side rectifier
smoothing circuit sections 24a and 245 include diodes 32
(32a and 32b), diodes 33 (33a and 335), inductors 34 (34a and
34b), and capacitors 35 (35a and 35b), respectively.

In the first preferred embodiment, the control circuit sec-
tion 22 is provided in only the switching power-supply circuit
P, and is not provided in the switching power-supply circuit
Pg. The control circuit section 22 thus defines a control circuit
section that is common to the switching power-supply circuits
P, and P;. An output port OUT 1 of the control circuit section
22 is connected to the semiconductor switch 30a of the
switching power-supply circuit P, to output a semiconductor-
switch driving signal, while an output port OUT 2 of the
control circuit section 22 is connected to the semiconductor
switch 305 of the switching power-supply circuit P to output
a semiconductor-switch driving signal. Further, a current
detecting port CS1 of the control circuit section 22 is con-
nected to one end of the current detecting resistor 31a of the
switching power-supply circuit P, to detect switching cur-
rent, while a current detecting port CS2 of the control circuit
section 22 is connected to one end of the current detecting
resistor 315 of the switching power-supply circuit P, to detect
switching current. Reference character GND shown in the
control circuit section 22 indicates a ground connection por-
tion.

Input portions 37 (37a and 37b) of the respective switching
power-supply circuits P, and Pz of the circuit boards 2A and
2B are connected to the conductor land patterns 4 located at
the same position of the circuit boards 2. Similarly, input
portions 38 (38a and 38b) of the switching power-supply
circuits P, and P, are connected to the conductor land pat-
terns 4 located at the same position of the circuit boards 2. For
example, the input portions 37a and 375 are connected to the
corresponding common terminal 5 (e.g., the terminal 54
shown in FIG. 1) via the corresponding conductor land pat-
terns 4, and similarly, the input portions 38a and 385 are
connected to the corresponding common terminal 5 (e.g., the
terminal 5¢) via the conductor land patterns 4. The input
portions 37 (37a and 37b) and the input portions 38 (38a and
38b) are connected to external circuits.

Similarly, output portions 39 (39a and 395) of the switch-
ing power-supply circuits P, and P of the circuit boards 2A
and 2B are connected to the corresponding conductor land
patterns 4 located at the same position of the circuit boards 2,
and output portions 40 (40a and 405) of the switching power-
supply circuits P, and P of the circuit boards 2A and 2B are
connected to the corresponding conductor land patterns 4
located at the same position of the circuit boards 2. The output
portions 39 (394 and 395) are interconnected by the corre-
sponding terminal 5 via the corresponding conductor land
patterns 4 and the output portions 40 (40a and 405) are inter-
connected by the corresponding terminal 5 via the corre-
sponding conductor land patterns 4. Further, the intercon-
nected output portions 39 (39a and 395) and the output
portions 40 (40a and 4056 are connected to a circuit on the
motherboard. In this case, the output portions 39 and 40 are
connected to the terminals 5 on a one to one basis. Alterna-
tively, for example, the arrangement may be such that the

10

20

25

30

35

40

45

50

55

60

65

8

output portions 39 (394 and 395) are connected to a plurality
of terminals 5g, 5/ and 5/ shown in FIG. 1 and the output
portions 40 (40a and 405) are connected to a plurality of
terminals 57, 5k, and 5/, in order to reduce power loss caused
by the resistance of the output ends.

In the first preferred embodiment, the output port OUT2 of
the control circuit section 22 provided on the circuit board 2A
and the semiconductor switch 305 provided on the circuit
board 2B are connected to the conductor land patterns 4
located at the same location of the circuit boards 2A and 2B.
The conductor land patterns 4 that are located at the same
location are interconnected by one of the terminals 12 to
thereby provide connection between the output port OUT2 of
the control circuit section 22 and the semiconductor switch
3054. Similarly, the current detecting port CS2 of the control
circuit section 22 of the circuit board 2A and the current
detecting resistor 315 of the circuit board 2B are connected to
the conductor land patterns 4 located at the same location of
the circuit boards 2A and 2B. The conductor land patterns 4
that are located at the same location are interconnected by
another terminal 12 to thereby provide connection between
the current detecting port CS2 of the control circuit section 22
and the current detecting resistor 315.

In this case, it is sufficient that the conductor land patterns
4 connected to the control circuit section 22 of the circuit
board 2A and the conductor land patterns 4 connected to the
semiconductor switch 305 and the current detecting resistor
315 of the circuit board 2B are interconnected between the
circuit boards 2A and 2B. Thus, the conductor land patterns 4
are not connected to the outside. If the conductor land patterns
4 are connected to the outside, a problem could arise. In view
of this situation, in the first preferred embodiment, the con-
nections between the control circuit section 22 of the circuit
board 2A and the semiconductor switch 305 and the current
detecting resistor 315 of the circuit board 2B are made by the
interboard-connection dedicated terminals 12 (e.g., the ter-
minals 124 and 12e shown in FIG. 1).

An example of the circuit operation of the switching
power-supply module 1 of the first preferred embodiment
shown in FIG. 2 will now be described with reference to the
waveform diagrams shown in FIG. 3. For example, DC power
input from the DC input power supply 20 is applied to the
transformers 294 and 2956 of the power conversion circuit
sections 23a and 235 via the input = filters of the input-side
rectifier smoothing circuit sections 21a and 215. By using
switching operations of the semiconductor switches 30a and
304, the transformers 29a and 2956 convert the DC power
input from the input-side rectifier smoothing circuit sections
21a and 215 into AC power and output the AC power. The
output-side rectifier smoothing circuit sections 24a and 245
convert the AC power into DC power, which is then output to
the load 25 from the switching power-supply module 1.

The switching power-supply circuits P, and Pz, which
define the switching power-supply module 1 of the first pre-
ferred embodiment, perform a basic operation (DC-DC con-
version operation) as described above, and, for example, a
feedback circuit (not shown) detects a voltage output to the
load 25, generates an error signal according to the difference
between the detected voltage and a reference voltage, and
feeds the error signal back to the control circuit section 22. In
accordance with the feedback signal, the control circuit sec-
tion 22 stabilizes a voltage to be output from the switching
power-supply module 1 by modulating the pulse width of the
switching-control driving signals to be applied to the semi-
conductor switches 30a and 305.

In the first preferred embodiment, the driving signals that
the control circuit section 22 applies to the gates of the semi-
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conductor switches 30a and 3056 have the same switching
frequency but are 180° out of phase from each other, as
indicated by waveforms (a) and (d) shown in FIG. 3. This
inverted phase operation provides reduced input feedback
noise and output ripple voltages.

Further, in the switching power-supply module 1 of the first
preferred embodiment, the current detecting resistors 31a and
31b detect source currents of the semiconductor switches 30a
and 305, as indicated by waveforms (c¢) and (f) shown in FIG.
3, and the detected currents are input to the current detecting
ports CS1 and CS2 of the control circuit section 22. In accor-
dance with the source currents of the semiconductor switches
30a and 305 which are input to the current detecting ports
CS1 and CS2, the control circuit section 22 indirectly detects
respective currents output from the switching power-supply
circuits P, and P. Using the detected currents, the control
circuit section 22 performs control for balancing currents
output from the switching power-supply circuits P, and P.
With this control, the amount of current flowing through the
switching power-supply circuits P, and P is substantially
equal, such that the heat generation of components of the
switching power-supply circuits P, and P are also substan-
tially equal. In the switching power-supply module 1 of the
first preferred embodiment, when an overcurrent flows
through at least one of the switching power-supply circuits P,
and P, the switching period of the semiconductor switch 30a
or 305 of the switching power-supply circuit P, or P, through
which the overcurrent flows is shortened so as to protect the
circuits.

A second preferred embodiment will now be described. In
the following description of the second preferred embodi-
ment, the same elements and portions as those in the first
preferred embodiment are denoted with the same reference
numerals, and the descriptions thereof are omitted.

The switching power-supply module 1 according to a sec-
ond preferred embodiment has a simplified circuit configu-
ration. That is, as shown in the circuit diagram of FIG. 4, the
switching power-supply circuit P, provided on the circuit
board 2A includes the power conversion circuit section 23a
and the output-side rectifier smoothing circuit section 24a but
does not include an input-side rectifier smoothing circuit
section, a control circuit section, and a semiconductor switch.

The switching power-supply circuit PB provided on the
circuit board 2B includes an input-side rectifier smoothing
circuit section 21, the control circuit section 22, the power
conversion circuit section 234, the output-side rectifier
smoothing circuit section 245, and a semiconductor switch
30. The input-side rectifier smoothing circuit section 21, the
control circuit section 22, and the semiconductor 30 of the
switching power-supply circuit P are common to the switch-
ing power-supply circuits P, and P.

In the second preferred embodiment, the primary coil of
the transformer 29a of the circuit board 2A and the primary
coil of the transformer 295 of the circuit board 2B are con-
nected in series by the corresponding conductor land patterns
4 and the corresponding interboard-connection dedicated ter-
minal 12. The transformer 294 of the circuit board 2A is also
connected to the input-side rectifier smoothing circuit section
21 of the circuit board 2B via another interboard-connection
dedicated terminal 12.

In the second preferred embodiment, in accordance with
the switching operation of the semiconductor switch 30,
power is supplied to the series-connected portion, including
the primary coils of the transformers 29a and 295, via the
input-side rectifier smoothing circuit section 21, and, in
accordance with the supplied power, AC power is output from
the transformers 29a and 295. The power output from the
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transformer 29a is converted by the output-side rectifier
smoothing circuit section 24a into direct current, which is
then output as the output power of the switching power-
supply circuit P, Similarly, the power output from the trans-
former 295 is converted by the output-side rectifier smooth-
ing circuit section 245 into direct current, which is then output
as the output power of the switching power-supply circuit Py.
The sum of the powers output from the switching power-
supply circuits P, and P is supplied to the load 25. In the
second preferred embodiment, in the output-side rectifier
smoothing circuit sections 24a and 245, synchronous rectifi-
ers 42 (42a and 42b) and 43 (43a and 43b), which are con-
trolled by synchronous-rectifier driving circuit sections 44
(44a and 44b), perform rectifying operations, unlike the first
preferred embodiment in which the diodes 32 and 33 perform
rectifying operations.

In the second preferred embodiment, for example, a feed-
back circuit (not shown) detects a voltage output from the
switching power-supply circuit Py, as in the first preferred
embodiment. In accordance with the detected voltage, the
control circuit section 22 controls the switching operation of
the semiconductor switch 30 to stabilize the voltage output
from the switching power-supply module 1. Further, an over-
current detecting circuit (not shown) for detecting an over-
current is provided. Thus, when the overcurrent detecting
circuit detects an overcurrent, for example, the ON period of
the semiconductor switch 30 is shortened, thereby perform-
ing a protection operation against the overcurrent.

A third preferred embodiment will now be described. Inthe
following description of the third preferred embodiment, the
same elements and portions as those in the first and second
preferred embodiments are denoted with the same reference
numerals, and the descriptions thereof are omitted.

FIG. 5A is a perspective view of a switching power-supply
module of a third preferred embodiment and FIG. 5B is an
exploded perspective view of the switching power-supply
module thereof. The switching power-supply module 1 of the
third preferred embodiment includes a plurality of circuit
boards 2 (2A and 2B). Switching power-supply circuits hav-
ing the same configuration (which is similar to that of, for
example, the switching power-supply circuit P, shown in
FIG. 2) are provided on the respective circuit boards 2A and
2B.

Ends of terminals 14 are connected to the respective con-
ductor land patterns 4 located at edges of the circuit board 2A,
and ends of terminals 15 are connected to the respective
conductor land patterns 4 located at edges of the circuit board
2B.

As show in the enlarged view of FIG. 5C, in the third
preferred embodiment, the terminals 14 and 15 are provided
with respective clip portions 7, which are similar to the clip
portions 7 of the terminals 5 and 12 in the first and second
preferred embodiments. The clip portions 7 clamp the forma-
tion portions of the conductor land patterns 4 of the circuit
boards 2 from two opposite sides, thereby connecting the
terminals 14 and 15 to the circuit boards 2. The terminals 14
and 15 further include respective leg portions 8 extending
from the clip portions 7 in a direction perpendicular to the
major surfaces of the circuit boards 2. The leg portions 8 of the
terminals 14 are bent. Specifically, the leg portion 8 of each
terminal 14 is bent such that, when the clip portions 7 of the
terminals 14 and 15 are vertically aligned and arranged, the
inner portion of the leg portion 8 of the terminal 14, i.e., the
portion adjacent to the circuit boards 2, fits along the outer
portion of the terminal 15.

Inthe third preferred embodiment, the circuit boards 2 (2A
and 2B) are stacked one on the other with spacing therebe-

DELTA ELECTRONICS EX. 1015

Page 14



US 7,403,397 B2

11

tween, as in the first and second preferred embodiments. The
leg portions 8 of the terminals 14 of the upper circuit board 2A
in the stack are spliced to the corresponding terminals 15 of
the lower circuit board 2B, and the spliced portions are joined
by soldering, spot welding, or other suitable method, thereby
defining joined terminals 16. The circuit boards 2A and 2B
are combined by the joined terminals 16.

If'the leg portion 8 of each terminal 14 is straight, when the
circuit boards 2A and 2B are stacked one on the other and the
leg portions 8 of the terminals 14 are spliced to the corre-
sponding terminals 15, the terminals 14 tend to be displaced
outward from the terminals 15 by an amount corresponding to
the thickness of the conductor plate of the terminals 14 and
15. With such an arrangement, therefore, the upper circuit
board 2A is easily displaced relative to the lower circuit board
2B in direction a shown in FIG. 5A. In contrast, in the third
preferred embodiment, since the leg portions 8 of the termi-
nals 14 are bent as described above, for example, the circuit
board 2B to which the terminals 15 are connected is disposed,
with almost no gap, between the leg portions 8 of the termi-
nals 14 (shown in FIG. 5B) connected at two opposite edges
of the circuit board 2A. This prevents the circuit boards 2A
and 2B from being displaced from each other in direction a.
In addition, the terminals 14 are positioned relative to the
terminals 15 while the bent portions of the leg portions 8 of
the terminals 14 are engaged with the top portions of the clip
portions 7 of the terminals 15. The arrangement of the third
preferred embodiment, therefore, facilitates stacking of the
circuit boards 2A and 2B one on the other with a spacing
therebetween.

In the third preferred embodiment, not all the joined ter-
minals 16 function in the same manner as the interboard-
connection external-connection terminal 5 as shown in the
first and second preferred embodiments, but at least one of the
joined terminals 16 functions in the same manner as the
interboard-connection dedicated terminal 12. That is, the
joined terminal 16 that functions as the interboard-connection
dedicated terminal, for example, is configured in which the tip
portion thereof is bent so as to be out of contact with the
motherboard or is configured such that the tip portion is in
contact with an insulating-material portion or the like of the
motherboard.

The switching power-supply module 1 of the third pre-
ferred embodiment is configured as described above. In the
manufacturing process of the switching power-supply mod-
ule 1 of the third preferred embodiment, for example, first,
electronic components 3 are mounted on the circuit boards 2
to define switching power-supply circuits. Subsequently, the
terminals 14 (15) are attached to the conductor land patterns
4 of the corresponding circuit board 2.

The circuit boards 2 are then individually inspected to
check whether or not the circuits operate properly. When a
malfunctioning circuit operation is discovered on the indi-
vidual circuit boards 2, a defective circuit thereon is repaired
or the circuit board is discarded if the circuit board cannot be
repaired.

After the inspection of the circuit operation, the leg por-
tions 8 of the terminals 14 that are attached to the circuit board
2A are bent and then the circuit boards 2 (2A and 2B) are
stacked while the formation positions of the corresponding
conductor land patterns 4 are aligned. At this point, the ter-
minals 14 ofthe upper circuit board 2 A in the stack are spliced
to the outsides of the corresponding terminals 15 of the circuit
board 2B. The spliced portions of the terminals 14 and 15 are
joined by soldering, spot welding, or other suitable method,
thereby completing the assembly of the circuit boards 2A and
2B.
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In this manufacturing process, the circuit operation of each
individual circuit board 2 is inspected. Thus, after the plural-
ity of circuit boards 2 is assembled into the switching power-
supply module 1, no inspection is required for the circuit
operation thereof.

If the circuit operations of the individual circuit boards 2
are inspected after the circuit boards 2 are assembled into the
switching power-supply module 1, when even one of the
circuit boards 2, which define the switching power-supply
module 1, is detected as being abnormal, complicated work is
required. That is, the switching power-supply module 1 from
which the abnormality is detected must be disassembled into
the individual circuit boards 2 such that the defective circuit
board 2 can be repaired or discarded, and then the circuit
boards 2 must be re-assembled into the switching power-
supply module 1. In contrast, in the third preferred embodi-
ment, since the circuit boards 2 are individually inspected to
check the circuit operations, only the circuit board 2 from
which the abnormality is detected is repaired or discarded.
This eliminates the need to disassemble the switching power-
supply module 1 and re-assemble the circuit boards 2, thereby
greatly increasing productivity.

In addition, since the terminals 14 and 15, each including
the clip portion 7, are oft-the-shelf components and thus are
readily available, the third preferred embodiment provides an
advantage in that it is not necessary to fabricate terminal
components specifically for the switching power-supply
module 1.

Additionally, for example, when the terminals 5, each
including the plurality of clip portions 7, as shown in FIG. 8B,
are used to assemble the circuit boards 2 into the switching
power-supply module 1, a problem may arise. For example,
after the connection portions between the clip portions 7 of
the terminals 5 and the circuit boards 2 (conductor land pat-
terns 4) are dipped in and removed out of a solder bath to
solder the clip portions 7 to the circuit boards 2, molten solder
drops from the upper circuit board 2 (2A) to the lower circuit
board 2 (2B) via the terminals 5. As a result, for example, on
the lower circuit board 2 (2B), a solder bridge caused by the
dropped solder may form between adjacent terminals 5 (clip
portions 7) and/or between adjacent conductor land patterns
4, thereby causing a short between the terminals 5. In con-
trast, in the third preferred embodiment, since the terminals
14 and 15 are soldered for each circuit board 2, this problem
is avoided.

The present invention is not limited to the disclosed first to
third preferred embodiments, and can take various forms. For
example, although the switching power-supply circuits hav-
ing the DC-DC converter circuit configurations is disclosed in
the first to third preferred embodiments by way of example,
the switching power-supply circuits may have AC-input type
circuit configurations or inverter circuit configurations.

Further, although each interboard-connection dedicated
terminal 12 illustrated in the first and second preferred
embodiments is adapted to connect a circuit section provided
on one of the circuit boards 2A and 2B to a circuit section on
the other circuit board, the interboard-connection dedicated
terminal 12 may be designed to function as a terminal for
providing communication between the switching power-sup-
ply circuits P, and P. Such an arrangement is applicable to a
case, for example, in which, in response to a signal instructing
apower-save mode is externally input, a portion of at least one
of the switching power-supply circuits is put into a non-
operating state to reduce the power consumption.

Additionally, although two circuit boards 2A and 2B are
stacked in the first to third preferred embodiments, for
example, three or more circuit boards 2 may be stacked. In
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such a case, for example, the interboard-connection dedicated
terminal(s) 12 may be configured to connect all the stacked
circuit boards 2, as shown in FIG. 6 A, or may alternatively be
configured to connect two or more circuit boards selected
among the stacked circuit boards 2, as shown in FIG. 6B.

Further, although each terminal 5, 12, 14, or 15 illustrated
in the first to third preferred embodiments includes the clip
portion(s), for example, a terminal 5 (12, 14, or 15) as shown
in FIG. 7 may also be used for connection with the circuit
board 2. With the terminal 5 (12, 14, or 15) shown in FIG. 7,
it is inserted into a through hole 46 provided in the circuit
board 2 and is joined to the conductor land pattern 4 via a
joining method, such as soldering.

Also, in the first and second preferred embodiments, the
switching power-supply circuit provided on at least one of the
circuit boards 2 to be stacked has a simplified circuit configu-
ration in which one or some of the circuit sections are not
provided, and thus has a different circuit configuration from
the other. However, all the circuit boards to be stacked may
have the same circuit configuration. In addition, although all
the circuit boards to be stacked have the same circuit configu-
ration in the third preferred embodiment, for example, at least
one of the circuit boards may have a simplified circuit con-
figuration in which one or some of the circuit sections are
omitted, as in the first and second preferred embodiments.

Additionally, although the input-side rectifier smoothing
circuit section 21 is common to the power conversion circuit
sections 23a and 234 in the second preferred embodiment, for
example, an output-side rectifier smoothing circuit section, as
well as the input-side rectifier smoothing circuit section 21,
may also be common to the power conversion circuit sections
23a and 23b. In this manner, when the input-side rectifier
smoothing circuit section 21 and the output-side rectifier
smoothing circuit section 21 are both shared, for example, the
power conversion circuit section 23a, the semiconductor
switch 30qa, and the input-side rectifier smoothing circuit
section 21 are provided on the circuit board 2 A, and the power
conversion circuit section 235, the semiconductor switch 305,
and the output-side rectifier smoothing circuit section 24 are
provided on the circuit board 2B. The output end of the power
conversion circuit section 23a of the circuit board 2A is then
connected to the output-side rectifier smoothing circuit sec-
tion 24 provided on the circuit board 2B via, for example, one
of the interboard-connection dedicated terminals 12, and the
input end of the power conversion circuit section 235 of the
circuit board 2B is connected to the input-side rectifier
smoothing circuit section 21 provided on the circuit board 2A
via, for example, another interboard-board dedicated termi-
nals 12. With this arrangement, the circuit boards 2 is minia-
turized as compared to the configurations illustrated in the
first and second preferred embodiments.

Further, when the input-side rectifier smoothing circuit
section 21 or the output-side rectifier smoothing circuit sec-
tion 24 is shared as described above, a portion of the input-
side rectifier smoothing circuit section 21 or a portion of the
output-side rectifier smoothing circuit section 24 may be
shared rather than the entire circuit section thereof.

Also, in the first preferred embodiment, although the semi-
conductor switches 30a and 305 are switched by the control
circuit section 22 at the same switching frequency but at
different phases, the switching operation is not limited
thereto. For example, the semiconductor switches 30a and
305 may be switched at the same switching frequency and at
the same phase.

In addition, although the bent tip portion of each terminal 5
for connecting the switching power-supply module 1 to, for
example, the motherboard 10 includes the surface for surface-
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mount, a different type of terminal 5 may be used. For
example, the arrangement may be such that the tip portion of
the terminal 5 is inserted into a hole provided in the mother-
board 10 and is connected thereto by soldering.

In the second preferred embodiment, although the primary
coils of the transformers provided in the power conversion
circuit sections are connected in series, the primary coils may
be connected in parallel.

Additionally, in the first to third preferred embodiments,
although the power conversion circuit sections include trans-
formers, the power conversion circuit sections may include,
for example, inductors instead of the transformers. Further,
the circuit configurations of the input-side rectifier smoothing
circuit section(s) and the output-side rectifier smoothing cir-
cuit sections are not limited to what are shown in FIGS. 2 and
4, and thus can have various configurations. In addition,
although the illustrated switching power-supply circuits have
the configuration for overcurrent protection and the configu-
ration for balancing output currents, they are provided as
needed and thus do not necessarily have to be provided.

The present invention is not limited to each of the above-
described preferred embodiments, and various modifications
are possible within the range described in the claims. An
embodiment obtained by appropriately combining technical
features disclosed in each of the different preferred embodi-
ments is included in the technical scope of the present inven-
tion.

What is claimed is:

1. A switching power-supply module, comprising:

circuit boards;

power conversion circuit sections provided on the respec-

tive circuit boards;

conductor land patterns provided with spacing therebe-

tween along edges of the circuit boards; and

conductor terminals interconnecting the conductor land

patterns; wherein

the circuit boards are stacked with spacing therebetween

such that the conductor land patterns are aligned, and the
aligned conductor land patterns are interconnected by
the corresponding conductor terminals; and

at least one of the conductor terminals includes an inter-

board-connection portion interconnecting the conductor
land patterns of the circuit boards and a leg portion that
extends from the interboard-connection portion in a
stacking direction of the circuit boards and that defines
an external-connection portion thereby defining an
interboard-connection/external-connection  terminal
arranged to provide connection between the circuit
boards and to provide external connection, and each
conductor terminal other than the at least one conductor
terminal defines an interboard-connection dedicated ter-
minal arranged to provide connection between the cir-
cuit boards.

2. A switching power-supply module according to claim 1,
wherein the power conversion circuit sections have input
portions that are connected to the conductor land patterns
located at the same location of the circuit boards, the conduc-
tor land patterns to which the input portions are connected are
interconnected by the at least one interboard-connection/ex-
ternal-connection terminal, whereby the input portions are
connected to the outside via the at least one interboard-con-
nection/external-connection terminal.

3. A switching power-supply module according to claim 2,
wherein the power conversion circuit sections include output
portions that are connected to the conductor land patterns
located at the same location of the circuit boards, the conduc-
tor land patterns to which the output portions are connected
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are interconnected by another interboard connection/exter-
nal-connection terminal, whereby the output portions of the
power conversion circuit sections are connected to the outside
via the another interboard connection/external-connection
terminal, such that the power conversion circuit sections are
connected in parallel.

4. A switching power-supply module according to claim 1,
wherein the circuit boards include respective circuits having
the same circuit configuration.

5. A switching power-supply module according to claim 1,
further comprising:

at least one semiconductor switch arranged to perform a

switching operation;

an input-side rectifier smoothing circuit section that is pro-

vided on one of the circuit boards and that is connected
to an input end of the power conversion circuit sections
via the semiconductor switch;

at least one output-side rectifier smoothing circuit section

that is connected to output ends of the power conversion
circuit sections; and

a control circuit section; wherein

in accordance with the switching operation of the semicon-

ductor switch, the power conversion circuit sections out-
put alternating current power in response to power input
via the input-side rectifier smoothing circuit section, the
output-side rectifying smoothing circuit section con-
verts the alternating current power into direct current
and outputs the direct current to the outside, and the
control circuit section controls the switching operation
of'the semiconductor switch to stabilize a voltage of the
output direct current to a predetermined voltage; and

at least a portion of at least one of the input-side rectifier

smoothing circuit section and the output-side rectifier
smoothing circuit section defines a circuit portion that is
common to the power conversion circuit sections and
another circuit board on which the common circuit por-
tion is not provided includes a circuit that has a simpli-
fied circuit configuration in which the common circuit
portion is omitted and that is connected to the common
circuit portion via one of the interboard-connection
dedicated terminals so as to complement the omitted
circuit portion.

6. A switching power-supply module according to claim 5,
wherein at least two of the circuit boards include the respec-
tive power conversion circuit sections, each having a trans-
former with a primary coil, the primary coils being connected
in series or in parallel by at least one of the interboard-
connection dedicated terminals, and wherein one of the at
least two circuit boards includes the semiconductor switch
and the control circuit section which are common to the
power conversion circuit sections having the connected pri-
mary coils, and an input end of the power conversion circuit
section of each circuit board other than the circuit board
including the semiconductor switch and the control circuit
section is connected to the common semiconductor switch via
one of the interboard-connection dedicated terminals.

7. A switching power-supply module according to claim 5,
wherein each of the circuit boards has the power conversion
circuit section and the semiconductor switch, and the semi-
conductor switches of the circuit boards perform the switch-
ing operations at the same switching frequency and at difter-
ent phases from each other in accordance with a control
operation of the control circuit section.

8. A switching power-supply module according to claim 1,
further comprising:

semiconductor switches arranged to perform switching

operations;

—
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input-side rectifier smoothing circuit sections that are con-
nected to input ends of the power conversion circuit
sections via the respective semiconductor switches;

output-side rectifier smoothing circuit sections that are
connected to output ends of the power conversion circuit
sections; and

a control circuit section that is provided on one of the

circuit boards and that is connected via one of the inter-
board-connection dedicated terminals to the semicon-
ductor switch of another circuit board having a simpli-
fied circuit configuration in which the control circuit
section is not provided, the control circuit section being
common to the semiconductor switches of the circuit
boards; wherein

in accordance with the switching operation of each semi-

conductor switch, the corresponding power conversion
circuit section outputs alternating current power in
response to power input via the corresponding input-
side rectifier smoothing circuit section, the correspond-
ing output-side rectifying smoothing circuit section con-
verts the alternating current power into direct current
and outputs the direct current to the outside, and the
control circuit section controls the switching operation
of each semiconductor switch to stabilize a voltage of
the output direct current to a predetermined voltage.

9. A switching power-supply module according to claim 8,
wherein at least two of the circuit boards include the respec-
tive power conversion circuit sections, each having a trans-
former with a primary coil, the primary coils being connected
in series or in parallel by at least one of the interboard-
connection dedicated terminals, and wherein one of the at
least two circuit boards includes the semiconductor switch
and the control circuit section which are common to the
power conversion circuit sections having the connected pri-
mary coils, and an input end of the power conversion circuit
section of each circuit board other than the circuit board
including the semiconductor switch and the control circuit
section is connected to the common semiconductor switch via
one of the interboard-connection dedicated terminals.

10. A switching power-supply module according to claim
8, wherein each of the circuit boards has the power conversion
circuit section and the semiconductor switch, and the semi-
conductor switches of the circuit boards perform the switch-
ing operations at the same switching frequency and at difter-
ent phases from each other in accordance with a control
operation of the control circuit section.

11. A switching power-supply module according to claim
1, wherein the switching power-supply module is a DC-DC
converter.

12. A switching power-supply module according to claim
1, wherein each of said interboard-connection/external-con-
nection terminals and each of said interboard-connection
dedicated terminals includes at least one clip portion for
clamping an edge of each circuit board from two opposite
sides thereof, thereby connecting the circuit boards.

13. A switching power-supply module according to claim
1, wherein a tip portion of the leg portion of each of said
interboard-connection/external-connection terminals is bent
to define a surface for surface-mounting.

14. A switching power-supply module, comprising:

circuit boards;

power conversion circuit sections provided on the circuit

boards;

conductor land patterns provided with spacing therebe-

tween along edges of the circuit boards; and

conductor terminals; wherein
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the circuit boards are stacked with spacing therebetween
with the corresponding conductor land patterns being
aligned, ends of the conductor terminals are connected
to the corresponding conductor land patterns so as to
extend in a direction that is substantially perpendicular
to major surfaces of the circuit boards, and the conductor
terminals of the upper circuit board in the stack are
spliced to the corresponding conductor terminals of the
lower circuit board and the spliced portions are joined to
define joined terminals; and

at least one of the joined terminals includes an interboard-

connection portion interconnecting the conductor land
patterns of'the circuit boards and an external-connection
portion extending from the interboard-connection por-
tion in a stacking direction of the circuit boards, thereby
defining an interboard-connection/external-connection
terminal arranged to provide connection between the
circuit boards and to provide external connection, and
each remaining joined terminal defines an interboard-
connection dedicated terminal arranged to provide con-
nection between the circuit boards.

15. A switching power-supply module according to claim
14, wherein the spliced portions are joined by one of a solder
joint and a spot welded joint.

16. A switching power-supply module according to claim
14, wherein the switching power-supply module is a DC-DC
converter.

17. A switching power-supply module according to claim
14, further comprising:

at least one semiconductor switch arranged to perform a

switching operation;

an input-side rectifier smoothing circuit section that is pro-

vided on one of the circuit boards and that is connected
to an input end of the power conversion circuit sections
via the semiconductor switch;

at least one output-side rectifier smoothing circuit section

that is connected to output ends of the power conversion
circuit sections; and

a control circuit section; wherein

in accordance with the switching operation of the semicon-

ductor switch, the power conversion circuit sections out-
put alternating current power in response to power input
via the input-side rectifier smoothing circuit section, the
output-side rectifying smoothing circuit section con-
verts the alternating current power into direct current
and outputs the direct current to the outside, and the
control circuit section controls the switching operation
of'the semiconductor switch to stabilize a voltage of the
output direct current to a predetermined voltage; and

at least a portion of at least one of the input-side rectifier

smoothing circuit section and the output-side rectifier
smoothing circuit section defines a circuit portion that is
common to the power conversion circuit sections and
another circuit board on which the common circuit por-
tion is not provided includes a circuit that has a simpli-
fied circuit configuration in which the common circuit
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portion is omitted and that is connected to the common
circuit portion via one of the interboard-connection
dedicated terminals so as to complement the omitted
circuit portion.

18. A switching power-supply module according to claim
17, wherein each of the circuit boards has the power conver-
sion circuit section and the semiconductor switch, and the
semiconductor switches of the circuit boards perform the
switching operations at the same switching frequency and at
different phases from each other in accordance with a control
operation of the control circuit section.

19. A switching power-supply module according to claim
14, further comprising:

semiconductor switches arranged to perform switching

operations;
input-side rectifier smoothing circuit sections that are con-
nected to input ends of the power conversion circuit
sections via the respective semiconductor switches;

output-side rectifier smoothing circuit sections that are
connected to output ends of the power conversion circuit
sections; and

a control circuit section that is provided on a predetermined

one of the circuit boards and that is connected via one of
the interboard-connection dedicated terminals to the
semiconductor switch of another circuit board having a
simplified circuit configuration in which the control cir-
cuit section is not provided, the control circuit section
being common to the semiconductor switches of the
circuit boards; wherein

in accordance with the switching operation of each semi-

conductor switch, the corresponding power conversion
circuit section outputs alternating current power in
response to power input via the corresponding input-
side rectifier smoothing circuit section, the correspond-
ing output-side rectifying smoothing circuit section con-
verts the alternating current power into direct current
and outputs the direct current to the outside, and the
control circuit section controls the switching operation
of each semiconductor switch to stabilize a voltage of
the output direct current to a predetermined voltage.

20. A switching power-supply module according to claim
19, wherein at least two of the circuit boards include the
respective power conversion circuit sections, each having a
transformer with a primary coil, the primary coils being con-
nected in series or in parallel by at least one of the interboard-
connection dedicated terminals, and wherein one of the at
least two circuit boards includes the semiconductor switch
and the control circuit section which are common to the
power conversion circuit sections having the connected pri-
mary coils, and an input end of the power conversion circuit
section of each circuit board other than the circuit board
including the semiconductor switch and the control circuit
section is connected to the common semiconductor switch via
one of the interboard-connection dedicated terminals.
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