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(57) ABSTRACT

In the semiconductor device, a control power MOSFET chip
2 1s disposed on the 1input-side plate-like lead 5, and the drain
terminal DT1 1s formed on the rear surface of the chip 2, and
the source terminal ST1 and gate terminal G'T1 are formed on
the principal surface of the chip 2, and the source terminal
ST1 1s connected to the plate-like lead for source 12. Further-
more, a synchronous power MOSFET chip 3 1s disposed on
the output-side plate-like lead 6, and the drain terminal D12
1s formed on the rear surface of the chip 3 and the output-side
plate-like lead 6 1s connected to the drain terminal DT2.
Furthermore, source terminal ST2 and gate terminal GT2 are
formed on the principal surface of the synchronous power
MOSFET chip 3, and the source terminal ST2 1s connected to
the plate-like lead for source 13. The plate-like leads for
source 12 and 13 are exposed, and therefore, 1t 1s possible to
increase the heat dissipation capability of the MCM 1.

24 Claims, 9 Drawing Sheets
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1
SEMICONDUCTOR DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

Morve than one reissue application has been filed for the
reissue of U.S. Pat. No. 7,145,224. The reissue applications
are application Ser. No. 12/521,999 (the present application)
and Ser. No. 12/130,782, now U.S. Pat. No. Re. 41,869, both
of which are reissues of U.S. Pat. No. 7,145,224.

CLAIM OF PRIORITY

Claim of priority the present application claims priority
from Japanese application serial no. 2004-020474, filed on
Jan. 28, 2004, the content of which 1s hereby incorporated by
reference into this application.

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device,
and specifically to a technology which effectively applies to a
semiconductor device 1n which a plurality of semiconductor
chips are encapsulated 1n a sealed body.

In a conventional semiconductor device, the rear surface of
a heat sink (first conductive member) 1s soldered on the upper
surface of each semiconductor chip, and the upper surface of
a second conductive member 1s soldered on the rear surface of
cach semiconductor chip. Furthermore, the rear surface of a
third conductive member 1s soldered on the upper surface of
the heat sink, and the land of the prescribed semiconductor
chip has an electrical connection to a control terminal via a
bonding wire. The semiconductor chips, heat sink, upper
surface of the second conductive member, rear surface of the
third conductive member, and a part of the bonding wire and

control terminal are encapsulated within resin. Japanese
Application Patent Laid-open Publication No. 2002-110893,

FIG. 1.

In the above semiconductor device, an external cooling
member abuts on the rear surface of the second conductive
member with a plate-like msulating member nterposed in

order to accelerate the heat dissipation. See Japanese Appli-
cation Patent Laid-open Publication No. 2003-46036, FI1G. 1.

SUMMARY OF THE INVENTION

Recently, semiconductor devices have been highly inte-
grated and the size of the device has beenreduced. Especially,
a semiconductor device in which a plurality of semiconductor
chips are encapsulated within an insulating material 1s called
a multi-chip-module (MCM) and 1s widely developed.

One application of the above-mentioned MCM 1s a switch-
ing circuit used for a power-supply circuit. Among those, an
isulated DC/DC converter 1s widely used for information
devices such as personal computers. Such products are
required to be highly efficient and small because central pro-
cessing units (CPU) are using larger current and higher fre-
quency.

A DC/DC converter consists of two power MOSFETS
(Metal Oxide Semiconductor Field Effect Transistor), one for
control and one for synchronization, a driver 1C (integrated
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circuit) for turning the MOSFETS on and off, and other
components such as a choke coil and capacitor. Generally, 1n

an MCM for a DC/DC converter, two power MOSFETS and

one driver IC are encapsulated in one package.

The objective of encapsulating a plurality of semiconduc-
tor chips 1 one package (sealed body) 1s to reduce the pack-
age areca as well as reduce parasitic components such as
parasitic inductances and resistances located on the circuit.

Moreover, because a power-supply circuit uses large cur-
rent and high frequency, parasitic components cause signifi-
cant power loss. To prevent that problem, 1t 1s necessary to
shorten the wiring patterns between chips, between the driver
IC and MOSFETS, and between the output terminal and a
load. In a power-supply MCM, a driver IC and MOSFETS are
located near each other and encapsulated together, and semi-
conductor elements constituting a power-supply circuit are
integrated 1n one package. This configuration allows the
MCM to be mounted extremely close to the load. Therefore,
it 1s expected that the MCM will be the most commonly used
power-supply device.

That 1s, when compared to a conventional packaging
method 1n which individually-packaged elements are arrayed
on a printed board, 1n the above-mentioned MCM, the wiring
distance 1s shorter and parasitic inductances and resistances
are significantly reduced, thereby enabling a low-loss circuait.

Although, 1n an MCM, encapsulating a plurality of semi-
conductor chips 1n one package reduces the package area,
there 1s a problem 1n that the heat dissipation capability 1s
reduced.

Furthermore, as shown 1n a comparative example 1n FIG.
16 which the inventor of the present invention has been study-
ing, i an MCM, wires are used for major current paths
between the chips and frame to enable electrical connections.
Therefore, wires make up a significant portion of all the
parasitic components. As a result, there 1s a problem 1n that
parasitic components such as parasitic resistances and mduc-
tances 1n those wires increase.

An objective of the present invention 1s to provide a semi-
conductor device which 1s capable of improving the electrical
characteristics.

Furthermore, another objective of the present invention 1s
to provide a semiconductor device which 1s capable of
improving the capability of dissipating heat.

The above-mentioned and other objectives, and novel fea-
tures will become more apparent as the description 1n this
specification proceeds with reference to the accompanying
drawings.

Major embodiments of the present mnvention disclosed 1n
this application are briefly described as shown below:

That 1s, a semiconductor device according to the present
ivention comprises

a plurality of semiconductor chips, each of which has a
terminal on its principal surface,

a plate-like conductive member which has electrical con-
nections to at least two semiconductor chips’ terminals
among the plurality of semiconductor chips,

a sealed body which encapsulates the plurality of semicon-
ductor chips, and

a plurality of external connection terminals which have
individual electrical connections to the plurality of semicon-
ductor chips, wherein

the at least two semiconductor chips which are connected
by the plate-like conductive member have an individual tran-
sistor circuit, and the plate-like conductive member 1s
exposed outside the sealed body.
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Furthermore, a semiconductor device according to the
present mvention comprises

a plurality of semiconductor chips, each of which has a
terminal on its principal surface,

a plate-like conductive member which has electrical con-
nections to at least two semiconductor chips’ terminals
among the plurality of semiconductor chips,

a sealed body which encapsulates the plurality of semicon-
ductor chips by resin, and

a plurality of external connection terminals which have
individual electrical connections to the plurality of semicon-
ductor chips, wherein

the plate-like conductive member 1s exposed outside the
sealed body, and

the connecting portion of the plate-like conductive member
at which the plate-like conductive member 1s connected to
one semiconductor chip 1s joined to the connecting portion at
which the plate-like conductive member 1s connected to the
other semiconductor chip, on either the principal or rear sur-
face of the sealed body, or on the outside of the semiconductor
chips inside the sealed body.

Furthermore, a semiconductor device according to the
present mvention comprises

a plurality of semiconductor chips, each of which has a
terminal on its principal surface,

a plate-like conductive member which has electrical con-
nections to at least two semiconductor chips’ terminals
among the plurality of semiconductor chips,

a sealed body which encapsulates the plurality of semicon-
ductor chips by resin, and

a plurality of external connection terminals which have
individual electrical connections to the plurality of semicon-
ductor chips and are disposed on the peripheral edge of the
rear surface of the sealed body, wherein

the plate-like conductive member 1s exposed on the at least
either principal or rear surface of the sealed body.

Furthermore, in a semiconductor device according to the
present mvention, a plurality of semiconductor chips are
encapsulated, wherein

major current paths between elements or between termi-
nals and elements have electrical connections made possible
by a plate-like conductor, and

at least three conductors having different potentials are
partially exposed on either the upper or rear surface of the
semiconductor device, or on both surtfaces.

Furthermore, in a semiconductor device according to the
present invention,

a plurality of semiconductor chips are connected 1n series
by a plate-like conductor, and a plurality of semiconductor

chips are connected to the same surface of the conductor,
wherein

among a plurality of semiconductor chips consisting of the
semiconductor device,

one or more semiconductor chips are disposed upside
down and encapsulated.

For an example, in an MCM for a DC/DC converter,

the control power MOSFET chip’s drain terminal has an
clectrical connection to the mput terminal, which 1s an exter-
nal connection terminal, via a plate-like conductor, or 1s
directly connected to a plate-like conductor which 1s a part of
the mput terminal, and similarly,

the synchronous power MOSFET chip’s source terminal
has an electrical connection to the ground terminal, which 1s
an external connection terminal, via a plate-like conductor, or
1s directly connected to a plate-like conductor which is a part
of the ground terminal.

10

15

20

25

30

35

40

45

50

55

60

65

4

Furthermore, the control power MOSFET chip’s source
terminal and the synchronous power MOSFET chip’s drain

terminal are individually connected to plate-like conductors,
and the plate-like conductors are connected to each other by
a certain conductor, or the control power MOSFET chip’s
source terminal and the synchronous power MOSFET chip’s
drain terminal are connected to a part of a common conductor.

Furthermore, the conductor has an electrical connection to
the output terminal which 1s an external connection terminal,
or 1s a part of the output terminal.

Furthermore, a plate-like conductor which 1s connected to
the input terminal, ground terminal and output terminal or 1s
a part of the terminals 1s partially or entirely exposed outside
the insulating material which encapsulates the semiconductor
device.

Furthermore, a common plate-like conductor 1s used to
connect the control power MOSFET chip’s source terminal
and the synchronous power MOSFET chip’s drain terminal,
and the synchronous power MOSFET i1s connected upside
down to the common surface of the conductor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view, seen through a sealed body, showing
an example of the structure of a semiconductor device (mul-
tiple chip module for a non-insulated DC/DC converter)
according to embodiment 1 of the present invention;

FIG. 2 1s a cross-sectional view showing the cross-sec-
tional structure taken substantially along the lines A-A in
FIG. 1;

FIG. 3 1s adrawing of the rear surface showing the structure
of the semiconductor device shown in FIG. 1;

FIG. 4 1s an outside perspective view showing the structure
of the semiconductor device shown in FIG. 1;

FIG. 5 15 a cross-sectional view showing the structure of a
semiconductor device which 1s an altered example according
to embodiment 1 of the present invention;

FIG. 6 15 a cross-sectional view showing the structure of a
semiconductor device which 1s an altered example according
to embodiment 1 of the present invention;

FIG. 7 s a cross-sectional view showing the structure of a
semiconductor device which 1s an altered example according
to embodiment 1 of the present invention;

FIG. 8 1s a circuit diagram showing an example of an
equivalent circuit when the MCM 1 shown mn FIG. 1 1s
mounted on the semiconductor device (non-nsulated DC/DC
converter);

FIG. 9 1s a plan view, seen through a sealed body, showing
an example of the structure of a semiconductor device (mul-
tiple chip module for a non-insulated DC/DC converter)
according to embodiment 2 of the present invention;

FIG. 10 1s a cross-sectional view showing the cross-sec-
tional structure taken substantially along the lines B-B in FIG.
9:

FIG. 11. 1s a drawing of the rear surface showing the
structure of the semiconductor device shown 1n FIG. 9.

FIG. 12 1s an outside perspective view showing the struc-
ture of the semiconductor device shown in FIG. 9;

FIG. 13 1s a cross-sectional view showing an example of
the structure of a semiconductor device (multiple chip mod-
ule for a non-msulated DC/DC converter) according to
embodiment 3 of the present invention;

FIG. 14 1s a cross-sectional view showing the structure of a
semiconductor device which 1s an altered example according
to embodiment 3 of the present invention;

FIG. 15 1s a plan view, seen through a sealed body, showing
an example of the structure of a semiconductor device (mul-
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tiple chip module for a non-insulated DC/DC converter)
according to embodiment 4 of the present invention;

FI1G. 16 1s a plan view, seen through a sealed body, showing
the structure of a power-supply multiple chip module which 1s
a comparative example; and

FI1G. 17 1s a perspective view, seen through a sealed body,
showing the inside of the semiconductor device shown 1n

FIG. 1.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
oy

ERRED

In the following embodiments, the same or similar parts
will not be repeatedly described unless specifically necessary.

Furthermore, as a matter of convenience, 1n the following,
embodiments, a plurality of separate sections or embodi-
ments will be explained when necessary. However, those
separate sections or embodiments are all related unless oth-
erwise speciiied, and one section may be a part of or the whole
of an altered example, or a description may be a detailed or
supplementary explanation.

Moreover, 1n the following embodiments, when the num-
ber of elements (including the number of 1tems, numeric
value, quantity, and range) 1s mentioned, the number of ele-
ments 1s not limited to a specific number and could be more or
less unless otherwise specified, or unless the number of ele-
ments 1s obviously limited to a specific number 1n principle.

Hereatter, embodiments of the present invention will be
explained 1n detail with reference to the drawings. In all of the
drawings used for explaining the embodiments, members that
have the same function have been assigned the same numbers
to avoid repeated explanations.

(Embodiment 1)

FI1G. 1 1s a plan view, seen through a sealed body, showing
an example of the structure of a semiconductor device (mul-
tiple chip module for a non-insulated DC/DC converter)
according to embodiment 1 of the present invention. FIG. 17
1s a perspective view, seen through a sealed body, showing the
inside of the semiconductor device shown 1n FI1G. 1. FIG. 2 1s
a cross-sectional view showing the cross-sectional structure
taken substantially along the lines A-A 1n FIG. 1. FIG. 3 1s a
drawing of the rear surface showing the structure of the semi-
conductor device shown 1in FIG. 1. FIG. 4 1s an outside per-
spective view showing the structure of the semiconductor
device shown in FI1G. 1. FIGS. 5 through 7 are cross-sectional
views showing the structure of a semiconductor device which
1s an altered example according to embodiment 1 of the
present mvention. FIG. 8 1s a circuit diagram showing an
example of an equivalent circuit when the MCM 1 shown 1n
FIG. 1 1s mounted on the semiconductor device (non-insu-
lated DC/DC converter). FI1G. 16 1s a plan view, seen through
a sealed body, showing the structure of a power-supply mul-
tiple chip module which 1s a comparative example.

In a semiconductor device according to embodiment 1,
shown 1n FIGS. 1 through 4 and 17, a plurality of semicon-
ductor chips are encapsulated in one sealed body (insulating
resin for sealing) 17. In embodiment 1, an MCM (multiple
chip module) 1 for a non-insulated DC/DC converter 1s
explained as one example of the above-mentioned semicon-
ductor device.

Furthermore, as shown 1n FIG. 3, an MCM 1 has a non-
leaded QFN (Quad Flat Non-leaded Package) structure in
which a plurality of external connection terminals 11 are
disposed on the peripheral edge of the rear surface 17b of the
sealed body 17.

The MCM 1 according to embodiment 1 basically consists
of a plurality of semiconductor chips, a plate-like conductive
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member which has electrical connections to at least two semi-
conductor chips’ terminals among those semiconductor
chips, a sealed body 17 which encapsulates the plural semi-
conductor chips, and a plurality of external connection termi-
nals 11 disposed on the peripheral edge of the rear surface 17b
of the sealed body 17. Furthermore, 1n the MCM 1, at least
two semiconductor chips connected by the plate-like conduc-
tive member have an individual transistor circuit, and the
plate-like conductive member 1s exposed outside the sealed

body 17.

Moreover, the MCM 1 has a control power MOSFET chip
2 (first semiconductor chip), a synchronous power MOSFET
chip 3 (second semiconductor chip) which has an electrical
connection 1n series to the control power MOSFET chip 2 by
a plate-like conductive member, and a driver 1C chip 4 (third
semiconductor chip) which turns on and off those semicon-
ductor chips. The three semiconductor chips are sealed (en-
capsulated) in the sealed body 17.

That 1s, the MCM 1 has two semiconductor chips (first and
second semiconductor chips) each of which has a power-
supply transistor circuit, and one semiconductor chip (third
semiconductor chip) which has a driver circuit for controlling
the two semiconductor chips.

The detailed structure of the MCM 1 according to embodi-
ment 1 will be explained. As shown1n FIGS. 1 and 2, a control
power MOSFET chip (first transistor) 2 1s disposed on the
input-side plate-like lead (first plate-like conductive member)
5. That 1s, a terminal which functions as a drain terminal DT1
(first output electrode) of the control power MOSFET 1s
formed on the rear surface 2b of the control power MOSFET
chip 2, and the input-side plate-like lead 5 which 1s a first
plate-like conductive member 1s connected to the drain ter-
minal DT1.

On the principal surface 2a of the control power MOSFET
chip 2, terminals which function as the control power MOS-
FET chip’s source terminal (second output electrode) ST1
and gate terminal (input electrode) GT1 are formed, and the
source terminal ST1 located on the principal surface 2a of the
control power MOSFET chip 2 1s connected to the plate-like
lead for source 12 which 1s a second plate-like conductive
member.

Furthermore, a synchronous power MOSFET chip (second
transistor) 3 1s disposed on the output-side plate-like lead 6.
That 1s, a terminal which functions as a drain terminal (first
output terminal) DT2 of the synchronous power MOSFET 1s
formed on the rear surface 3b of the synchronous power
MOSFET chip 3, and the output-side plate-like lead 6 which
1s a third plate-like conductive member 1s connected to the
drain terminal DT2. On the principal surface 3a of the syn-
chronous power MOSFET chip 3, terminals which function
as the synchronous power MOSFET chip’s source terminal
ST2 and gate terminal (input electrode) G12 are formed, and
the source terminal ST2 located on the principal surface 3a of
the synchronous power MOSFET chip 3 1s connected to the
plate-like lead for source 13 which i1s a fourth plate-like
conductive member.

Furthermore, the MCM 1 has a ground-side plate-like lead
7 and a driver-side plate-like lead 8, and a driver 1C chip 4 1s
disposed on the driver-side plate-like lead 8. That 1s, the driver
IC chip 4 and the driver-side plate-like lead 8 are connected to
cach other. On the driver I1C chip 4, some terminals 9 among
a plurality of terminals 9 located on the principal surface 4a of
the driver 1C chip 4 are electrically connected to the power
MOSFET chips’ gate terminal GT1, source terminal ST1,
gate terminal GT12 and source terminal ST2 by wires 10, such
as gold wires or thin metal wires, thereby the power MOS-
FETS are turned on and off.
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Other terminals 9 located on the principal surface 4a of the
driver 1C chip 4 are a power supply voltage terminal, boot
terminal, voltage check terminal and a control signal input
terminal, and each of the terminals 1s connected to a corre-
sponding external connection terminal 11 by a wire 10.

As shown 1n FIG. 3, the input-side plate-like lead 5, output-
side plate-like lead 6, and driver-side plate-like lead 8, each of
which has an installed semiconductor chip, are partially or
entirely exposed on the rear surface 17b of the sealed body 17
of the MCM 1. Those leads function as external connection
terminals that have electrical connections to the printed wir-
ing board as well as function as heat radiating parts that
dissipates heat on the printed wiring board.

As FIGS. 1 and 2 show, the plate-like lead for source 12
provides an electrical connection between the source terminal
ST1 of the control power MOSFET chip 2 and the output-side
plate-like lead 6. Similarly, the plate-like lead for source 13
provides an electrical connection between the source terminal
ST2 of the synchronous power MOSFET chip 3 and the
ground-side plate-like lead 7.

Moreover, as F1G. 4 shows, the plate-like lead for source 12
and the plate-like lead for source 13 are partially exposed on
the upper surtace 17a of the sealed body 17 of the MCM 1.

Furthermore, as FIG. 2 shows, drain terminals DT1 and
DT2 located on the rear surfaces 2b and 3b of the control
power MOSFET chip 2 and the synchronous power MOSFET
chip 3 are joined to the input-side plate-like lead 5 and the
output-side plate-like lead 6, respectively, with die bonding
materal, such as silver paste 14, interposed.

On the other hand, source terminals ST1 and ST2 located
on the principal surfaces 2a and 3a of the control power
MOSFET chip 2 and the synchronous power MOSFET chip
3 are joined to the plate-like leads for source 12 and 13,
respectively, via a plurality of protruding conductive elec-
trodes such as gold bumps 15.

It 1s possible to use protruding solder electrodes or paste-
like conductive adhesives to join the source terminals ST1
and ST2 located on the principal surfaces 2a and 3a of the
control power MOSFET chip 2 and the synchronous power
MOSFET chip 3, respectively, to the plate-like leads for
source 12 and 13.

FIGS. 2, 5, 6 and 7 show various types of connections
between the second plate-like conductive member and the
third plate-like conductive member, and between the fourth
plate-like conductive member and the ground-side plate-like
lead 7.

As shown 1n FI1G. 2, the plate-like lead for source 12 has an
clectrical connection to the output-side plate-like lead 6 via a
conductor 16, and the plate-like lead for source 13 has an
clectrical connection to the ground-side plate-like lead 7 viaa
conductor 16. Furthermore, as shown 1n an altered example 1n
FIG. 5, 1t 1s possible to create the portions between the plate-
like leads for source 12a and 13a and the connections to the
output-side plate-like lead 6 and the ground-side plate-like
lead 7, respectively, so that those portions become the same
conductive members as the leads and then provide electrical
connections by using solder 18. A conductive member (sec-
ond conductive member or third conductive member) which
consists of a plate-like lead for source 12, conductor 16, and
an output-side plate-like lead 6 has two bends which forms a
nearly S-shape.

Furthermore, as shown in altered examples 1n FIGS. 6 and
7, 1t 1s possible to integrate the plate-like lead for source
(second plate-like conductive member) 12 and the output-
side plate-like lead (third plate-like conductive member) 6,
and also integrate the plate-like lead for source 13 and the
ground-side plate-like lead 7. In an altered example shown 1n
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FIG. 6, leads are integrated by press work. In an altered
example shown 1n FIG. 7, leads are integrated by bending
work.

Thus, 1n the MCM 1 according to embodiment 1, the plate-
like lead for source 12 located on the upper-surface 17a side
of the sealed body 17 1s joined and electrically connected to
the output-side plate-like lead 6 located on the rear surface
17b side of the sealed body 17, on the outside of the control
power MOSFET chip 2 and the synchronous power MOSFET
chip 3, inside the sealed body 17.

Next, FIG. 8 shows an example of an equivalent circuit
when the MCM 1 1s mounted. The MCM 1 1s connected by a
coil 20, capacitors 22 and 23, load 24 and an input power
source 21 by wires. In a non-insulated DC/DC converter

circuit 19, heat 1s mostly generated by the control power
MOSFET chip 2 and the synchronous power MOSFET chip

3.

According to an MCM 1 of embodiment 1, one surface of
the plate-like conductive member which functions as a cur-
rent path 1s connected to a semiconductor chip and the other
surface 1s exposed outside the sealed body 17, thereby mak-
ing 1t possible to increase the capability of dissipating heat.
The plate-like conductive member exposed on the rear sur-
tace 17b of the sealed body 17 functions as an external con-
nection terminal and 1s also capable of dissipating heat on the
printed wiring board where the MCM 1 1s mounted. Further-
more, the plate-like conductive member exposed on the upper
surface 17a of the sealed body 17 directly dissipates heat 1n
the ambient air or increases the heat conductivity to a heat
radiating member, such as a heat radiating fin 27 (see FIGS.
13 and 14) or heat sink, mounted on the MCM 1.

That 1s, heat generated by the control power MOSFET chip
2 and the synchronous power MOSFET chip 3 1s conveyed
from the input-side plate-like lead 5 and the output-side plate-
like lead 6, which are exposed on the rear surface 17b of the
sealed body 17, to the printed wiring board, thereby dissipat-
ing the heat. Furthermore, heat can be externally dissipated
from the plate-like lead for source 12 and the plate-like lead
for source 13 which are exposed on the upper surface 17a of
the sealed body 17, thereby increasing the heat dissipation
capability.

As a result, it 1s possible to increase the heat dissipation
capability 1n the MCM 1. It 1s also possible to increase the
voltage conversion elliciency of the MCM 1.

Furthermore, in an MCM 1 according to embodiment 1, the
source terminal ST1 of the control power MOSFET chip 2 1s
connected to the output-side plate-like lead 6 by the plate-like
leads for source 12, and the source terminal ST2 of the syn-
chronous power MOSFET chip 3 is connected to the ground-
side plate-like lead 7 by the plate-like leads for source 13.
Therefore, when compared to a multiple chip module 1n a
comparative example, shown in FIG. 16, which uses ordinary
wire connections using wires 25 such as gold wires, the
cross-sectional area of the current path can be made larger 1n
the MCM 1 according to embodiment 1. As a result, parasitic
components, such as parasitic resistances and inductances,
are reduced, which makes 1t possible to increase the conver-
s10n efficiency.

That 1s, 1t 1s possible to reduce parasitic resistances and
parasitic inductances compared to the situations where wire
connections are used, thereby making 1t possible to increase
the electrical characteristics of the MCM 1.

Furthermore, 1t 1s possible to easily manufacture a reliable
semiconductor device by connecting 1n series the current path
between the first transistor’s first output electrode and second
output electrode to the current path between the second tran-
sistor’s first output electrode and second output electrode, and
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mechanically integrating the first, second and third conduc-
tive members, and first and second transistors.

(Embodiment 2)

FIG. 9 1s a plan view, seen through a sealed body, showing
an example of the structure of a semiconductor device (mul-
tiple chip module for a non-insulated DC/DC converter)
according to embodiment 2 of the present invention. FIG. 10
1s a cross-sectional view showing the cross-sectional struc-
ture taken substantially along the lines B-B 1n FI1G. 9. F1G. 11
1s a drawing of the rear surface showing the structure of the
semiconductor device shown in FIG. 9. FIG. 12 1s an outside
perspective view showing the structure of the semiconductor
device shown 1n FI1G. 9.

Similar to embodiment 1, a semiconductor device accord-
ing to embodiment 2 1s an MCM (multiple chip module) 1 for
a non-1nsulated DC/DC converter. The semiconductor device
1s a semiconductor package 1n which a control power MOS-
FET chip 2, synchronous power MOSFET chip 3 and a driver
IC chip 4 which turns on and off those power MOSFET chips
are encapsulated.

The structure of the MCM 1 according to embodiment 2
will be described. As FIGS. 9 and 10 show, a control power
MOSFET chip 2 1s disposed on an input-side plate-like lead 5.
And, terminals which function as the control power MOSFET
chip’s source terminal ST1 and gate terminal GT1 are formed
on the principal surface 2a of the control power MOSFET
chip 2. Furthermore, a terminal which functions as the control
power MOSFET chip’s drain terminal D11 1s formed on the
rear surface 2b of the control power MOSFET chip 2.

On the other hand, what 1s dif

Terent from embodiment 1 1s
that a synchronous power MOSFET chip 3 1s disposed on the
ground-side plate-like lead 7. That 1s, as shown 1n FIG. 10, the
synchronous power MOSFET chip 3, which 1s a second semi-
conductor chip, 1s disposed reversely (principal and rear sur-
taces upside down) compared to the control power MOSFET
chip 2 which 1s a first semiconductor chip. Moreover, a ter-
minal which functions as the synchronous power MOSFET
chip’s drain terminal DT2 1s formed on the principal surface
3a of the synchronous power MOSFET chip 3, and terminals
which function as the synchronous power MOSFET chip’s
source terminal ST2 and gate terminal GT2 are formed on the
rear surface 3b of the synchronous power MOSFET chip 3.

As FI1G. 9 shows, the MCM 1 fora DC/DC converter has an
output-side plate-like lead 6.

Furthermore, a driver 1C chip 4 1s disposed on the driver-
side plate-like lead 8. Some of the terminals 9 located on the
principal surface 4a of the driver 1C chip 4 have electrical
connections to the control power MOSFET chip’s 2 gate
terminal GT1 and source terminal ST1, and the synchronous
power MOSFET chip’s 3 source terminal ST2 and gate ter-
minal G'12, thereby turning on and off each power MOSFET.
Moreover, because the gate terminal GT2 1s downwardly
tormed on the principal surface 3a, as shown 1n FIG. 9, some
of the terminals 9 of the driver IC chip 4 are connected to the
synchronous power MOSFET chip’s 3 gate terminal GT2 by
wires 10 with a metal plate 26 interposed. The gate terminal
(12 has an electrical connection to a metal plate 26 via bump
clectrodes, for example. Other terminals are a power supply
voltage terminal, boot terminal, voltage check terminal, and a
control signal mput terminal. Fach of the terminals 1s con-
nected to a corresponding external connection terminal 11 by
a wire 10.

As shown in FIG. 11, the input-side plate-like lead 5,
output-side plate-like lead 6, ground-side plate-like lead 7
and driver-side plate-like lead 8 are partially or entirely
exposed on the rear surface 17b of the sealed body 17. Thus,
those plate-like leads function as external connection termi-
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nals which have electrical connections to the printed wiring
board as well as function as heat radiating parts which dissi-
pate heat on the printed wiring board.

However, it 1s not necessary to expose all of the plate-like
leads. For example, it 1s possible that only the output-side
plate-like lead 6 1s hidden.

Furthermore, the plate-like lead for source 12 provides
electrical connections between the source terminal ST1 of the
control power MOSFET chip 2 and the drain terminal D712 of
the synchronous power MOSFET chip 3. As shown 1n FIG.
12, the plate-like lead for source 12 1s partially exposed on the
upper surface 17a of the sealed body 17.

Therefore, 1n an MCM 1 according to embodiment 2, as
shown 1n FI1G. 9, the connecting portion of the plate-like lead
for source 12 (second plate-like conductive member) at which
the lead connects to the control power MOSFET chip 2 (one
semiconductor chip) 1s joined to the connecting portion at
which the lead connects to the synchronous power MOSFET
chip 3 (the other semiconductor chip) on the upper surface
17a of the sealed body 17.

Moreover, the surface of the control power MOSFET chip
2 on which the drain terminal DT1 1s formed 1s pressure-
bonded to the 1input-side plate-like lead 5, for example, via a
die bonding material such as silver paste 14, and the source
terminal ST1 located on the opposite surface 1s connected to
the plate-like lead for source 12, for example, via a conductive
material such as a gold bump 185.

On the other hand, the surface of the synchronous power

MOSFET chip 3 on which the drain terminal D12 1s formed

1s pressure-bonded to the plate-like lead for source 12, for
example, via a die bonding matenal such as silver paste 14,
and the source terminal ST2 located on the opposite surface 1s
connected to the ground-side plate-like lead 7, for example,
via a conductive maternal such as a gold bump 15.

In an MCM 1 according to embodiment 2, by installing at
least one semiconductor chip upside down, it 1s possible to
make manufacturing of the plate-like lead for source 12 much
casier than that of an MCM 1 according to embodiment 1.

That 1s, as shown 1n FIG. 10, it 1s possible to connect the
source terminal ST1 of the control power MOSFET chip 2

and the drain terminal DT2 of the synchronous power MOS-
FET chip 3 onto the same surface of the plate-like lead for
source 12 by using only one plate-like lead for source 12.
Theretore, 1t 1s possible to avoid the complicated manufac-
turing process 1n which a plurality of semiconductor chips are
connected on the different surfaces of the plate-like lead for
source 12. As a result, 1t 1s possible to reduce the time to
connect and manufacture leads. Thus, the structure of the
MCM 1 can be simplified.

Furthermore, because the plate-like lead for source 12 can
be formed by using only one plate-like lead, 1t 1s possible to
make the area of the plate-like lead for source 12 larger than
that of the MCM 1 according to embodiment 1. As a conse-
quence, the heat dissipation capability can be increased and
the voltage conversion eificiency can also be increased.
(Embodiment 3)

FIG. 13 1s a cross-sectional view showing an example of
the structure of a semiconductor device (multiple chip mod-
ule for a non-msulated DC/DC converter) according to
embodiment 3 of the present invention. FIG. 14 1s a cross-
sectional view showing the structure of a semiconductor
device which 1s an altered example according to embodiment
3 of the present invention.

Similar to embodiments 1 and 2, a semiconductor device
according to embodiment 3 1s an MCM (multiple chip mod-
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ule) 1 for a non-insulated DC/DC converter. The structure
which will increase the heat dissipation capability will be
explained.

An MCM 1 shown in FIG. 13 1s an MCM 1 1n which a heat
radiating {in 27 (heat radiating member) 1s mounted to the
MCM 1 according to embodiment 1. That 1s, 1n an MCM 1
according to embodiment 1, two plate-like leads (plate-like
leads for source 12 and 13) exposed on the upper surface 17a
of the sealed body 17 have different potentials, and therefore,
a heat radiating member such as a heat radiating fin 27 1s
installed with an insulating sheet 28 iterposed.

Thus, by mounting a heat radiating fin 27 to the plate-like
lead exposed on the upper surface 17a of the MCM 1, it 1s
possible to increase the heat dissipation capability of the
MCM 1.

Furthermore, an MCM 1 shown in FIG. 14 1san MCM 1 1n
which a heat radiating fin 27 (heat radiating member) 1s
mounted to the MCM 1 according to embodiment 2. In this
MCM 1, only one plate-like lead for source 12 1s exposed on
the upper surface 17a of the sealed body 17. Therefore, the
plate-like lead for source 12 can be directly connected to the
heat radiating fin 27 without an insulating sheet 28 inter-
posed. Consequently, it 1s possible to make the heat dissipa-
tion capability higher than that of the MCM 1 shown in FIG.
13.

Furthermore, 1t 1s also possible to integrate the plate-like
lead for source 12 and the heat radiating fin 27, thereby
making 1t possible to increase the heat dissipation capability.

(Embodiment 4)

FI1G. 1515 a plan view, seen through a sealed body, showing
an example of the structure of a semiconductor device (mul-
tiple chip module for a non-insulated DC/DC converter)
according to embodiment 4 of the present invention.

Similar to embodiments 1 and 2, a semiconductor device
according to embodiment 4 1s an MCM (multiple chip mod-
ule) 1 for a non-insulated DC/DC converter. In an MCM 1
according to embodiments 1 and 2, wires 10 are used to
connect the control power MOSFET chip’s 2 source terminal
ST1 and gate terminal GT1 to the driver IC chip’s 4 terminals
9, or to connect the synchronous power MOSFET chip’s 3
source terminal ST2 and gate terminal GT12 to the driver I1C
chip’s 4 terminals 9. However, 1n an MCM 1 according to
embodiment 4, metal plates (other plate-like conductive
members) 29 are used for the connections of the gate drive
circuits, or other connections.

That 1s, 1n an example shown 1n FI1G. 15, the terminal of the
control power MOSFET chip 2 has an electrical connection to
a corresponding terminal 9 of the driver 1C chip 4 by a metal
plate 29, and the terminal of the synchronous power MOS-
FET chip 3 also has an electrical connection to a correspond-
ing terminal 9 of the driver IC chip 4 by a metal plate 29.
Furthermore, electrical connections between the terminals
and metal plates 29 are provided, for example, by using gold
bumps 15.

In the MCM 1, when the high-speed switching 1s selected,
parasitic resistances and parasitic inductances, including a
gate drive circuit, other than the main current path may cause
the efficiency to decrease. Therelore, by connecting the driver
IC chip 4 to the electrodes of the control power MOSFET chip
2 and synchronous power MOSFET chip 3 by using metal
plates 29, 1t 1s possible to reduce the parasitic resistances and
parasitic imnductances compared to the situations where wire
connections are used.

Moreover, other connections that use wires 10 as shown 1n
FIG. 15 can be replaced with metal plates 29.

As stated above, the present invention provided by the
inventor has been explained in detail according to the embodi-
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ments. However, the present invention 1s not intended to be
limited to the above-mentioned embodiments, and can be
embodied 1n a variety of forms as long as they do not depart
from the concept of the present invention.

For example, 1n the above embodiments 1 through 4, the
MCM 1 which 15 a QFN-type semiconductor device 1is
explained. However, the MCM 1 1s not intended to be limited
to the QFN-type semiconductor device, and can be a semi-
conductor device of other structures such as a QFP (Quad Flat
Package) type semiconductor device as long as a plurality of
semiconductor chips are encapsulated 1n a sealed body. Fur-
thermore, the number of encapsulated semiconductor chips 1s
not intended to be limited to three, therefore, there can be four
or more semiconductor chips.

The present mnvention 1s suitable for use 1n a semiconductor
device or electronic device.

A major embodiment of the present invention disclosed 1n
this application 1s briefly described as shown below:

Because the present invention has a plate-like conductive
member to connect terminals of two semiconductor chips, 1t
1s possible to reduce parasitic resistances and parasitic induc-
tances compared to the situations where wire connections are

used, thereby increasing the electrical characteristics of the
semiconductor device. Furthermore, the above-mentioned
plate-like conductive member 1s exposed outside the sealed
body, thereby making 1t possible to increase the heat dissipa-
tion capability of the semiconductor device.

What 1s claimed 1s:

[1. A semiconductor device comprising a first transistor
and a second transistor, each of which has an imnput electrode,
first output electrode and second output electrode, wherein

the current path connecting between said first output elec-

trode and said second output electrode of said first tran-
sistor are connected 1n series to the current path connect-
ing between said first output electrode and said second
output electrode of said second transistor;

either said first output electrode or said second output

clectrode of said first transistor 1s connected to a first
conductive member; and

the other output electrode of said first transistor 1s con-

nected to a second conductive member;

either said first output electrode or said second output

clectrode of said second transistor 1s connected to said
second conductive member;

the other output electrode of said second transistor 1s con-

nected to a third conductive member:

said first conductive member, said second conductive
member and said third conductive member are electri-
cally 1solated from one another; and

said first conductive member, said second conductive

member, said third conductive member, said first tran-
sistor and said second transistor are mechanically inte-
grated.]

[2. A semiconductor device according to claim 1, wherein
said second conductive member has two or more bends.}

[3. A semiconductor device according to claim 1, wherein
said second conductive member is a nearly S-shape.]

[4. A semiconductor device according to claim 1, wherein
in said second conductive member, the surface to which an
output electrode of said first transistor 1s connected 1s located
on the same side of the surface to which an output electrode of
said second transistor is connected.}

[5. A semiconductor device comprising

a plurality of semiconductor chips, each of which has a

terminal on 1ts principal surface,
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a conductive plate which has electrical connections to at
least two semiconductor chips’ terminals among said
plurality of semiconductor chips,

a sealed body which encapsulates said plurality of semi-
conductor chips, and

a plurality of external connection terminals which have
individual electrical connections to the plurality of semi-
conductor chips, wherein

at least two semiconductor chips which are connected by
the conductive plate have an individual transistor circuit,
and the conductive plate 1s exposed outside said sealed
body .}

[6. A semiconductor device according to claim 5, wherein
among said plurality of semiconductor chips, each of a first
semiconductor chip and a second semiconductor chip has a
power-supply transistor circuit; and

said semiconductor device further comprising

a first conductive plate which connects to a drain terminal
of said first semiconductor chip,

a second conductive plate which connects to a source ter-
minal of said first semiconductor chip,

a third conductive plate which connects to a drain terminal
of said second semiconductor chip, and

a fourth conductive plate which connects to a source ter-
minal of said second semiconductor chip, wherein

said second conductive plate has an electrical connection to
said third conductive plate, and said second and third
conductive plates are at least partially exposed outside
said sealed body.]

[7. A semiconductor device according to claim 6, wherein
said second conductive plate and said third conductor plate
are integrated.]

[8. A semiconductor device according to claim 5, wherein

among said plurality of semiconductor chips,

cach of a first semiconductor chip and a second semicon-
ductor chip has a power-supply transistor circuit, and a
third semiconductor chip has a driver circuit which con-
trols said first and second semiconductor chips.]

[9. A semiconductor device according to claim 6, wherein
said second and fourth conductive plates are partially exposed
on either the principal or rear surface of said sealed body, and
said first and third conductive plates are partially exposed on
the other surface of said sealed body.]

[10. A semiconductor device according to claim 9, wherein
said second conductive plate and said third conductor plate
are integrated.]

[11. A semiconductor device according to claim 5, wherein
among said plurality of semiconductor chips,

at least one semiconductor chip 1s installed upside down in
relation to the other semiconductor chips.]

[12. A semiconductor device according to claim 6, wherein
said second semiconductor chip 1s installed upside down 1n
relation to said first semiconductor chip,

said second and third conductive plates are partially
exposed on etther the principal or rear surface of said
sealed body; and

said first and fourth conductive plates are partially exposed
on the other surface of said sealed body.}

[13. A semiconductor device according to claim 12,
wherein said second conductive plate and said third conduc-
tive plate are integrated.}

[14. A semiconductor device according to claim 5, wherein
a heat radiating member 1s installed 1n the exposed area of
said conductive plate exposed outside said sealed body.]

[15. A semiconductor device comprising

a plurality of semiconductor chips, each of which has a
terminal on 1ts principal surface,
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a conductive plate which has electrical connections to at
least two semiconductor chips’ terminals among said
plurality of semiconductor chips,

a sealed body which encapsulates said plurality of semi-
conductor chips by resin,

a plurality of external connection terminals which have
individual electrical connections to the plurality of semi-
conductor chips, wherein

said conductive plate 1s exposed outside said sealed body,
and

the connecting portion of said conductive plate at which
said conductive plate 1s connected to one semiconductor
chip 1s joined to the connecting portion at which said
conductive plate 1s connected to the other semiconductor
chip, on eirther the principal or rear surface of said sealed
body, or on the outside of said semiconductor chips
inside said sealed body.]

[16. A semiconductor device according to claim 15,

wherein among said plurality of semiconductor chips,

cach of a first semiconductor chip and a second semicon-
ductor chip has a power-supply transistor circuit, and a
third semiconductor chip has a driver circuit which con-
trols said first and second semiconductor chips.}

[17. A semiconductor device according to claim 15,
wherein a heat radiating member 1s 1nstalled in the exposed
area of said conductive plate exposed outside said sealed
body.}

[18. A semiconductor device according to claim 15,
wherein said conductive plate has an electrical connection to
the semiconductor chip via a plurality of gold bumps.}

[19. A semiconductor device according to claim 16,
wherein the terminal of said first semiconductor chip has an
clectrical connection to the terminal of said third semicon-
ductor chip by said conductive plate, and the terminal of said
second semiconductor chip has an electrical connection to the
terminal of said third semiconductor chip by another conduc-
tive plate.}

[20. A semiconductor device comprising

a plurality of semiconductor chips, each of which has a
terminal on 1ts principal surface,

a conductive plate which has electrical connections to at
least two semiconductor chips’ terminals among said
plurality of semiconductor chips,

a sealed body which encapsulates said plurality of semi-
conductor chips by resin,

a plurality of external connection terminals which have
individual electrical connections to said plurality of
semiconductor chips and are disposed on the peripheral
edge of the rear surface of said sealed body, wherein

said conductive plate 1s exposed on the at least either prin-
cipal or rear surface of said sealed body.]

[21. A semiconductor device according to claim 20,

wherein among said plurality of semiconductor chips,

cach of a first semiconductor chip and a second semicon-
ductor chip has a power-supply transistor circuit, and

a third semiconductor chip has a driver circuit which con-
trols said first and second semiconductor chips.]

[22. A semiconductor device according to claim 20,
wherein a heat radiating member 1s nstalled in the exposed
area of said conductive plate exposed outside said sealed
body.]

[23. A semiconductor device according to claim 20,
wherein

said conductive plate has an electrical connection to the
semiconductor chip via a plurality of gold bumps.]
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[24. A semiconductor device according to claim 20,
wherein

among said plurality of semiconductor chips,

cach of a first semiconductor chip and a second semicon-
ductor chip has a power-supply transistor circuit, and

said second semiconductor chip 1s 1nstalled upside down
compared to said first semiconductor chip; and

said semiconductor device further comprising

a first conductive plate which connects to a drain terminal
of said first semiconductor chip,

a second conductive plate which connects to a source ter-
minal of said first semiconductor chip,

a third conductive plate which connects to a drain terminal
of said second semiconductor chip, and

a fourth conductive plate which connects to a source ter-
minal of said second semiconductor chip, wherein

saild second and third conductive plates are partially
exposed on either the principal or rear surface of said
sealed body, and said first and fourth conductive plates
are partially exposed on the other surface of said sealed

to body ]

25. A semiconductor device for a DC/DC converter formed

in a single package comprising:

a first semiconductor chip having a main face and a vear
face and electrically comnnected to a first conductor
member at an input side;

a second semiconductor chip having a main face and a vear
Jace and electrically connected to a second conductor
member at a grounding side, whevein the first and sec-
ond semiconductor chips are arranged in opposite rela-
tion to one another with vrespect to the main faces and the
rear faces thereof;

a driver IC chip for controlling the first and second semi-
conductor chips;

a source terminal formed in the main face of the first
semiconductor chip;

a drain terminal formed in the rear face of the first semi-
conductor chip;

a drain terminal formed in the main face of the second
semiconductor chip;

a source terminal and gate tevminal formed in the vear face
of the second semiconductor chip;

a source terminal and gate terminal formed in a vear face
of the second semiconductor chip,; and

a single conductor member formed above the source ter-
minal of the first semiconductor chip and the drain ter-
minal of the second semiconductor chip;

wherein the single conductor member is electrically con-
nected to the source terminal of the first semiconductor
chip and the drain tevminal of the second semiconductor
chip, and

wherein the gate terminal of the second semiconductor
chip is electrically connected to the driver IC chip.

26. The semiconductor device for a DC/DC converter
according to claim 25, whevrein the first semiconductor chip
and the second semiconductor chip arve power transistors.

27. A semiconductor device for a DC/DC converter formed
in a single package comprising:

a first external terminal,;

a second external terminal;

a third external terminal;

a first semiconductor chip, having a main face and a rvear
face and formed above the first external terminal, elec-
trically connected to a first conductor member at an
input side;

10

15

20

25

30

35

40

45

50

55

60

65

16

a second semiconductor chip, having a main face and a
rear face and formed above the second external termi-
nal, electrically connected to a second conductor mem-
ber at a grounding side;

a driver IC chip for controlling the first and second semi-
conductor chips;

a source terminal formed in the main face of the first
semiconductor chip;

a drain terminal formed in the vear face of the first semi-
conductor chip, wherein the first and second semicon-
ductor chips ave arranged in opposite relation with
vespect to the main and vear faces therveof;

a drain terminal formed in the main face of the second
semiconductor chip;

a source terminal and a gate terminal formed in the rear
Jace of the second semiconductor chip; and

a single conductor member formed above the source ter-
minal of the first semiconductor chip, the drain terminal
of the second semiconductor chip and the third external
terminal; wherein the single conductor member is elec-
trically comnnected to the source tevminal of the first
semiconductor chip, the drain terminal of the second
semiconductor chip and the thivd external terminal,

wherein a terminal is formed in a main face of the driver IC
chip,

wherein a wire is connected to the terminal of the driver IC
chip and the gate tevminal of the second semiconductor
chip,

wherein the first, second and thivd external terminals are
formed in a rear face of the package, and

wherein the first external terminal is electrically connected
to the drain terminal of the first semiconductor chip.

28. The semiconductor device for a DC/DC converter
according to claim 27, wherein a gate tevminal is formed in
the main face of the first semiconductor,

wherein a second terminal different from the terminal
Jormed in the main face of the driver IC chip is formed in
the main face of the dviver I1C chip, and

wherein a wire is connected to the second terminal of the
driver IC chip.

29. The semiconductor device for a DC/DC converter
according to claim 27, wherein a cross sectional area of the
conductor plate member is larger than that of the wire.

30. The semiconductor device for a DC/DC converter
according to claim 29, wherein the first and second semicon-
ductor chips are power transistors.

31. A semiconductor device for a DC/DC converter formed
in a single package comprising:

a plate conductor member at an input side;

a plate conductor member at a grounding side;

a plate conductor member at an output,

a first semiconductor chip having a main face and a rvear
Jace and formed above the first external tevminal and
electrically connected to a plate conductor member at
an input side;

a second semiconductor chip having a main face and a rear
Jace and formed above the second external terminal and
electrically connected to a plate conductor member at a
grounding side, wherein the first and second semicon-
ductor chips arve arranged in opposite relation with
respect to the main and vear faces therveof;

a source terminal and a gate terminal formed in the main
Jace of the first semiconductor chip;

a drain terminal formed in the vear face of the first semi-
conductor chip;

a drain terminal formed in the main face of the second
semiconductor chip;
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a source terminal formed in the rear face of the second
semiconductor chip; and

a single conductor member formed above the plate con-
ductor member at the output side, the source terminal of
the first semiconductor chip and the drain terminal of the >
second semiconductor chip and the third external termi-
nal

wherein the single conductor member is electrically con-
nected to the source terminal of the first semiconductor
chip, the drain terminal of the second semiconductor
chip and the plate conductor member at the output side,

a wire electrically connected to the source terminal of the
second semiconductor chip;

wherein the plate conductor members at the input side,
grounding side and output side are formed in the rear
Jace of the package,

whevrein the plate conductor member at the input side is
electrically connected to the drvain terminal of the first
semiconductor chip, and 20

wherein the plate conductor member at the grounding side
is electrically connected to the source terminal of the
second semiconductor chip.

32. The semiconductor device for a DC/DC converter
according to claim 31, wherein cross sectional areas of the 25
conductor plate members ave each vespectively larger than
that of the wire.

33. The semiconductor device for a DC/DC converter
according to claim 31, which further comprises a driver IC
chip for controlling the first and second semiconductor chips,

wherein the source terminal of the first semiconductor chip
is electrically connected to the driver IC chip.

34. The semiconductor device for a DC/DC converter
according to claim 31, wherein the source terminal of the first
semiconductor chip is electrically connected to an area where
the conductor plate member at the output side is not con-
nected, and wherein the wire is connected to the area.

35. A semiconductor device for a DC/DC converter formed
in a single package comprising: 40

a plate conductor member at an input side;

a plate conductor member at a grounding side;

a plate conductor member at an output side;

a first semiconductor chip having a main face and a rear
Jace and formed above the conductor member at input 4s
side;

a second semiconductor chip having a main face and avear
Jace and above the plate conductor member at the
grounding side, wherein the first and second semicon-
ductor chips ave arranged in opposite rvelation with 50
respect to the main and vear faces thereof;

a source terminal and a gate tevminal formed on the main
surface of the first semiconductor chip,

a drain terminal formed on the vear face of the first semi-
conductor chip; 55

a drain terminal formed on the main face of the second
semiconductor chip;

a source terminal formed on the rear face of the second
semiconductor chip;

a single conductor member above the plate conductor 60
member at the output side, wherein the single conductor
member is electrically connected to the source terminal
of the first semiconductor chip, the drain terminal of the
second semiconductor chip, and the plate conductor
member at the output side; and 65

a wire connected to the source terminal of the first semi-
conductor chip;
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wherein the plate conductor member at the input side, the
plate conductor member at the grounding side and the
plate conductor member at the output side are formed in
a rear face of the package,

wherein the plate conductor member at the input side is
electrically connected to the drvain tevminal of the first
semiconductor chip, and

wherein the plate conductor member at the grounding side

is electrically comnnected to the source terminal of the
second semiconductor chip.

36. The semiconductor device for a DC/DC converter
according to claim 35, which further comprises a driver IC
chip for controlling the first and second semiconductor chips,
wherein the gate tevminal of the first semiconductor is elec-
trically connected to the driver IC chip, and

wherein a wire is electrically connected to the driver IC

chip.

37. The semiconductor device for a DC/DC converter
according to claim 35, which further comprises a driver IC
chip for controlling the first and second semiconductor chips,
wherein a gate terminal of the second semiconductor chip is

formed in the rear face of the second semiconductor chip, and

wherein the gate terminal of the second semiconductor
chip is electrically connected to the driver IC chip.

38. The semiconductor device accovding to claim 35,
wherein the first semiconductor chip and the second semicon-
ductor chip ave power transistors.

39. A semiconductor device for a DC/DC converter formed
in a single package comprising:

a first semiconductor chip having a main face and a rear
face and electrically connected to a plate conductor
member;

a second semiconductor chip having a main face and a vear
Jace and electrically connected to a plate conductor
member at a grounding side;

a source tevminal and a gate terminal formed on the main
surface of the first semiconductor chip,

a drain terminal formed in the vear face of the first semi-
conductor chip;

a drain terminal formed in the main face of the second
semiconductor chip;

a source terminal formed in the rear face of the second
semiconductor chip; and

a single conductor member above the source terminal of
the first semiconductor chip and the dvain terminal of the
second semiconductor chip,

wherein the single conductor member is electrically con-
nected to the source terminal of the first semiconductor
chip and the drain tevminal of the second semiconductor
chip, and

wherein a wire is connected to the source tevminal and the
gate terminal of the first semiconductor chip.

40. A semiconductor device for a DC/DC converter formed

in a single package comprising:

a first semiconductor chip having a main face and a rear
face and electrically connected to a plate conductor
member;

a second semiconductor chip having a main face and a vear
face and electrically connected to a plate conductor
member at a grounding side;

a driver IC chip for controlling the first and second semi-
conductor chips;

a source tevminal and a gate terminal formed on the main
surface of the first semiconductor chip,

a drain terminal formed on the rvear face of the first semi-
conductor chip;
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a drain terminal formed in the main face of the second
semiconductor chip;

a source terminal formed in the vear face of the second
semiconductor chip; and

a single conductor member above the source terminal of 5

the first semiconductor chip and the drain terminal of the
second semiconductor chip,

wherein the single conductor member is electronically
connected to the source tevminal of the second semicon-
ductor chip, and

wherein a wire is connected to the source terminal of the
fivst semiconductor chip and the driver IC chip.

41. The semiconductor device for a DC/DC converter
according to claim 40, wherein the wire is connected to a
source terminal area where the single conductor member is
not connected to the first semiconductor chip.

42. A semiconductor device for a DC/DC converter com-
prising:

a first semiconductor chip having a main face and a vear
Jace and electrically connected to a plate conductor
member at an input side;

a second semiconductor chip having a main face and avear
face and connected to a plate conductor member at a
grounding side, wherein the first and second semicon-
ductor chips ave arranged in opposite relation with
vespect to the main and rear faces thereof,

a driver IC chip for controlling the first and second semi-
conductor chips;

a source terminal formed in the main face of the first
semiconductor chip;

a drain terminal formed in the rear face of the first semi-
conductor chip;

a drain terminal formed in the main face of the second
semiconductor chip;

a source terminal formed in the vear face of the second
semiconductor chip; and
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a single conductor member formed above the source ter-
minal of the first semiconductor chip and drain terminal
of the second semiconductor chip, wherein the single
conductor member is electrically comnnected to the
source terminal and the gate tevminal of the first semi-
conductor chip, and

wherein the drviver IC chip is provided with a terminal to
connect with the source tevminal of the first semiconduc-
tov chip.

43. The semiconductor device according to claim 42,
wherein the wire is electrically connected to the terminal of
the driver IC chip in an area of the source tevminal where the
first semiconductor chip is not connected to the single con-
ductor member.

44. The semiconductor device for a DC/DC converter
according to claim 42, wherein a gate terminal is formed in
the main face of the first semiconductor chip, and a wire for
electrically connecting the dviver IC chip is connected to the
gate terminal.

45. The semiconductor device for a DC/DC converter
according to claim 42, wherein a gate terminal is formed in
the rear face of the second semiconductor chip, and the gate
terminal of the second semiconductor chip is electrically
connected to the terminal of the drviver IC chip.

46. The semiconductor device for a DC/DC converter
accovding to claim 42, wherein a sectional area of the plate
conductor member at the output side is lavger than that of the
wire.

47. The semiconductor device according to claim 25,
wherein the first and second conductor members are plate
conductor members.

48. The semiconductor device according to claim 27,
wherein the first and second conductor members are plate
conductor members.
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