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(57) ABSTRACT

In a semiconductor device 1n which a semiconductor chip 1s
stacked on a substrate, an interposer chip having wirings 1s
provided under the semiconductor chip. A bonding pad of
the semiconductor chip is electrically connected to a bond-
ing terminal provided on the substrate via the interposer chip
by wire bonding. The interposer chip prevents a semicon-
ductor element formed in the semiconductor chip from dete-
riorating in terms ol an electric property and from being
physically damaged. Further, the wire bonding strength does
not drop. Moreover, 1t 1s possible to form a fine wiring pitch
for relaying a wire-bonding wire.

26 Claims, 9 Drawing Sheets
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FIG. 2 (a)
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FIG. 3 (a)
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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.

This Nonprovisional application claims priority under 35
U.S.C. §119(a) on Patent Application No. 2003/020971 filed
in Japan on Jan. 29, 2003, the entire contents of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to a semiconductor device,
particularly, to a semiconductor device 1n which a plurality
of semiconductor chips are stacked.

BACKGROUND OF THE INVENTION

In order to realize high-density installation of semicon-
ductor chips which 1s a key technology for making an elec-
tronic device smaller, lighter, and thinner, various packaging,
techniques of a semiconductor device have been developed.

As a technique concerning a packaging structure of a
semiconductor device which reduces an area required in
installing the semiconductor device onto a mother board,
there have been developed: a pin-insert package such as DIP
(Dual Inline Package); a surface installation package, such
as SOP (Small Outline Package), performed by leading a
periphery; a package such as BGA (Ball Grnid Array) in
which external output terminals are disposed on an under
surface of the package 1n a lattice manner. Further, as a tech-
nique for realizing high-density installation by reducing an
area ratio of a package with respect to semiconductor chips,
various eflorts have been made so as to narrow a pitch of the
external output terminals and reduce a package size by mak-
ing substrate wirings finer.

Further, as a multi-chip package in which a plurality of
semiconductor chips are gathered so as to be 1nstalled into a
single package, there has been developed a technique such as
a chip-stacked package 1n which a plurality of semiconduc-
tor chips are stacked so as to realize higher-density installa-
tion. Further, as the multi-chip package, there has been
developed a system-1n package in which a plurality of semi-
conductor chips respectively having functions different from
cach other are sealed and systemized in a single package.

While, as a method for making an electronic device
smaller, lighter, and thinner, a method different from high-
density packaging and installation of the semiconductor
chups attracts attention. This method uses such a system-on
chip that: circuits such as a memory circuit, a logic circuit,
and an analog circuit that have been conventionally provided
separately from each other are provided 1n combination and
are integrated 1n a single chip so as to function as a single
system.

However, when circuits such as the memory circuit and
the logic circuit are integrated 1n a single chip, this raises
such problems that: it 1s difficult to reduce a voltage of the
memory circuit, and 1t 1s necessary to perform an additional
process for reducing noises occurring in the logic circuit.
Further, when an analog circuit which has been convention-
ally constituted of a bipolar member 1s provided in combina-
tion with other circuits, 1t 1s difficult to manufacture the ana-
log circuit by using the same CMOS as the memory circuit
and the logic circuit.

Then, more attention 1s paid not to the system-on chip but
to the system-in package, having the same function as the
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2

system-on chip, which can be developed in a shorter period
and at lower cost.

As a conventional system-in-package semiconductor
device, FIG. 9(a) and FIG. 9(b) show examples of a structure
of a chip-stacked semiconductor device 1n which a plurality
ol semiconductor chips are stacked and wire-bonded. FIG.
9(a) 1s a plan view obtained by viewing the semiconductor
device from above 1n a stacking direction, and FIG. 9(b) 1s a
cross sectional view taken along E—E' of FIG. 9(a). As shown
in FIG. 9(b), the semiconductor device 1s arranged so that: a
substrate 4 constituted of a polyimide substrate or a print
substrate 1s used as a stacking base, and a semiconductor
chip 2 and a smaller semiconductor chip 1 are stacked on
and above the substrate 4 1n this order. By using die-bonding
layers 9, the substrate 4 and the semiconductor chip 2 are
bonded to each other, and the semiconductor chip 1 and the
semiconductor chip 2 are bonded to each other.

The semiconductor chips 1 and 2 respectively have wire-
bondable bonding pads 15 . . . and 25 . . . each of which
allows conduction with external parts. The bonding pads

15 .. .and 25 . . . are respectively connected to bonding
terminals 6 . . . provided on the substrate 4. As shown 1 FIG.
19(b), 1n connecting these members, a wire bonding process
using a metal wire such as wires 8 . . . 1s widely used. The
wire bonding process 1s used also 1n a case where the stack-
ing base 1s a lead frame.

Note that, there 1s also a case where the bonding pads of
the stacked semiconductor chip are connected not to the
bonding terminals provided on the substrate but to bonding
pads of another stacked semiconductor chip.

As described above, 1n the case where the semiconductor
chips are stacked and the chip and the substrate are electri-
cally connected to each other by wire bonding, the chips are
stacked so that sizes of the chips become smaller upward.
This arrangement 1s made so that the stacked semiconductor

chip does not cover the bonding pads of the lower semicon-
ductor chip. The bonding terminals on the substrate are dis-
posed outside the lowermost semiconductor chip. Thus,
when the uppermost semiconductor chip and the lowermost
semiconductor chip are different from each other in terms of
the chip size, a distance between the bonding pad of the
uppermost semiconductor chip and the bonding terminal on
the substrate 1s long, so that also a length of the wire 1s long.

In the system-package semiconductor device arranged 1n
the foregoing manner, when a logic/analog LL.SI 1s stacked on
a memory LSI and they are wire-bonded to each other, there
1s the following problem.

It 1s often that the logic/analog LSI 1s much smaller than
the memory LSI 1n terms of the chip size. Thus, 1n the semi-
conductor device arranged so that the logic/analog LSI
which 1s different from the memory LSI in terms of the chip
s1ze 1s stacked on the memory LSI and they are wire-bonded
to each other, the wire 1s made longer, so that the wire
becomes brittle and the wire tends to drop off when the
semiconductor chips are sealed. Further, there 1s such a
problem that: the wire hangs down due to 1ts weight, so that
the wire touches another wire and the wire touches an edge
of the lower semiconductor chip. In order to solve the
problem, the following methods were proposed.

For example, Japanese Unexamined Patent Publication
No. 257307/2001 (Tokukai 2001-257307)(Publication date:
Sep. 21, 2001) discloses such an arrangement that: a semi-
conductor chip 1s stacked on another semiconductor chip
having a rewiring layer which has been formed on its circuit
surface 1n advance, and the rewiring layer relays a wire-
bonding wire which extends from the upper semiconductor
chip. Such arrangement makes the wire length for a single
loop longer.
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Further, Japanese Unexamined Patent Publication No.
76250/2002 (Tokukai 2002-76250)(Publication date: Mar.
15, 2002) discloses such an arrangement that: there 1s pro-
vided a polyimide tape on which a wiring layer for relaying a
wire-bonding wire 1s disposed between the upper semicon-
ductor chip and the lower semiconductor chip. Such arrange-
ment makes the wire length for a single loop longer.

However, 1n the conventional semiconductor device hav-
ing the rewiring layer on its circuit surface as described
above, 1t 1s necessary to perform a step of additionally form-
ing the rewiring layer for relaying the wire-bonding wire on
the semiconductor chip that has been completely formed.
Thus, this raises such a problem that: an electric property of
a semiconductor element in the semiconductor chip having
the rewiring layer deteriorates due to damages brought about
by sputtering an aluminmium film and performing a photoli-
thography process such as exposure and etching process that
are performed during the step of forming the rewiring layer.

Further, in forming wirings of the rewiring layer, when an
ctching resist 1s formed or removed during a step of addi-
tionally forming an insulating layer on the bonding pad of
the semiconductor chip that has been completely formed, an
impure material remains on a surface of the bonding pad.
Then, this raises such a problem that the impure material
deteriorates the bonding strength of the wire bonding.

Further, in wire bonding, when stress 1s exerted on the
bonding pad of the rewiring layer formed on the semicon-
ductor chip having the rewiring layer, the semiconductor
clement formed under the bonding pad of the rewiring layer
may be damaged by the stress.

Further, 1n the semiconductor device having the wiring
layer obtained by forming wirings on a polyimide tape, there
1s such a problem that: 1t 1s more difficult to form fine wir-
ings than the technique of forming the rewiring layer on the
semiconductor chip as described above. This 1s based on the
following reason: since these techmques are different from
cach other 1n terms of a material and a photoresist device, 1n
case of forming the rewiring layer on the semiconductor
chip, a mimmimum wiring pitch can be set to not more than 1
wm, but 1n case of forming wirings on the polyimide tape, a
mimmum wiring pitch can be set to 50 to 60 um at most in
accordance with a current technique.

Further, polyimide which 1s a matenial for the wiring layer
can more easily absorb water than other materials. Thus, this
may bring about so-called retlow crack. The retlow crack 1s
such that: when the semiconductor package 1s mstalled onto
the substrate in accordance with thermal reflow, absorbed
water swells, so that the wiring layer and the semiconductor
chip formed thereon respectively exioliate. Thus, this raises
such a problem that the quality of the semiconductor device
deteriorates.

SUMMARY OF THE INVENTION

The present invention was devised 1n view of the forego-
ing problem, and 1ts object 1s to provide a semiconductor
device which prevents a function element (circuit element,
semiconductor element) such as a memory element and a
logic element formed 1n each of plural semiconductor chips
stacked on a stacking base from being damaged in terms of
an electric property, and prevents the wire bonding strength
from dropping, and allows a fine wiring pitch of wirings for
relaying a wire-bonding wire to be formed thereon.

In order to solve the foregoing problems, the semiconduc-
tor device of the present invention, 1n which one or more
semiconductor chips each having an externally leading elec-
trode are stacked on a stacking base, includes an interposer
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4

chip on which one or more connection wirings are formed,
wherein: the externally leading electrode provided on at
least one of the semiconductor chips 1s connected to the
connection wiring of the interposer chip by wire bonding,
and the external leading electrode, connected to the connec-
tion wiring, which 1s provided on the semiconductor chip,
relays the connection wiring so as to be electrically con-
nected to an electrode of a wiring provided on the stacking
base or another of the semiconductor chips.

According to the arrangement, the mterposer chip having
one or more connection wirings 1s provided, for example,
between the stacked semiconductor chips, or on the stacking
base so as to be positioned on the upper side 1n a stacking
direction. Further, the externally leading electrode provided
on the semiconductor chip 1s connected to the connection
wiring of the iterposer chip, and relays the connection wir-
ing so as to be electrically connected to an electrode of the
stacking base or another semiconductor chip. In this manner,
when connecting the externally leading electrode provided
on the semiconductor chip to the electrode of the stacking
base or another semiconductor chip, it 1s possible to relay the
interposer chip, so that 1t 1s possible to shorten the length of a
wire 1 wire bonding. Thus, 1t 1s possible to suppress such a
problem that: the wire becomes brittle when the wire 1s long,
and the wire hangs down due to 1ts weight, which causes the
wire to touch another wire and causes the wire to touch an
edge of the lower semiconductor chip.

Here, unlike a conventional semiconductor device 1n
which a rewiring layer 1s provided on any one of the stacked
semiconductor chips, 1n the structure according to the
present invention, the mterposer chip having the connection
wiring 1s used, so that 1t 1s not necessary to perform a step
such as sputtering and photolithography for forming a rewir-
ing layer on the semiconductor chip 1n which the wirings are
formed. Thus, this arrangement does not raise such a prob-
lem that formation of the rewiring layer deteriorates an elec-
tric property of the semiconductor element 1n the semicon-
ductor chip.

Further, 1n the conventional semiconductor device 1n
which the rewiring layer 1s provided on the semiconductor
chip, the rewiring layer 1s formed after forming a bonding
pad on the semiconductor chip as an electrode. Thus, 1t 1s
necessary to form and remove an etchung resist, so that an
impure material remains on a surface of the bonding pad. As
a result, the connection strength 1n wire bonding drops. On
the other hand, in the structure according to the present
invention, the rewiring layer 1s not formed, so that the con-
nection strength in wire bonding does not drop. Further, in
the conventional semiconductor device, when a stress 1s
exerted on the rewiring layer 1n wire bonding, the wirings of
the semiconductor chip positioned beneath the rewiring
layer may be damaged. However, 1n the structure according
to the present ivention, a thickness and hardness of the
interposer chip prevent the stress exerted in wire bonding.

Thus, according to the arrangement, 1t 1s possible to pre-
vent the semiconductor element formed 1n each of the plural
semiconductor chips stacked on the stacking base from dete-
riorating in terms ol an electric property and from being
physically damaged, and it 1s possible to improve the wire
bonding strength.

For a fuller understanding of the nature and advantages of
the 1nvention, reference should be made to the ensuing
detailed description taken 1n conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) 1s a plan view showing a structure of a semicon-
ductor device according to Embodiment 1 of the present
invention.
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FIG. 1(b) 1s a cross sectional view taken along A—A' of
FIG. 1 (a).

FI1G. 2(a) 1s a plan view showing a structure of a semicon-
ductor device according to Embodiment 2 of the present
invention.

FIG. 2(b) 1s a cross sectional view taken along B-B' of
FIG. 2 (a).

FI1G. 3(a) 1s a plan view showing a structure of a semicon-
ductor device according to Embodiment 3 of the present
invention.

FIG. 3(b) 1s a cross sectional view taken along C—C' of
FIG. 3(a).

FIG. 4 1s a plan view showing a structure of an interposer
chip of a semiconductor device according to Embodiment 4
ol the present 1nvention.

FIG. 5(a) 1s a plan view of the semiconductor device in
which semiconductor chips are stacked on and above the
interposer chip shown 1n FIG. 4.

FIG. 5(b) 1s a cross sectional view taken along D-D' of
FIG. 5(a).

FIG. 6 1s a plan view showing an interposer chip of a
semiconductor device according to Embodiment 5 of the

present invention.

FIG. 7 1s a plan view of the semiconductor device in
which semiconductor chips are stacked on and above the
interposer chip shown in FIG. 6.

FIG. 8 15 a plan view of a semiconductor device in which
other semiconductor chips are stacked on and above the
interposer chup of FIG. 6.

FIG. 9(a) 1s a plan view showing a structure of a conven-
tional semiconductor device.

FIG. 9(b) 1s a cross sectional view taken along E—E' of
FIG. 9 (a).

DESCRIPTION OF THE EMBODIMENTS
| Embodiment 1

The following description will explain one embodiment
of the semiconductor device of the present invention with
reference to FIG. 1(a) and FIG. 1(b). Note that, the present
invention 1s not limited to this.

FIG. 1(a) 1s a plan view obtained by viewing the semicon-
ductor device of the present embodiment from above 1n a
stacking direction, and FIG. 1(b) 1s a cross sectional view
taken along A—A' of FIG. 1(a).

(Structure of the Semiconductor Device)

As shown 1n FIG. 1 (a) and FIG. 1 (b), the semiconductor
device of the present embodiment 1s arranged so that: a sub-
strate 4 1s used as a stacking base, and a semiconductor chip
2, an interposer chip 3, and a semiconductor chip 1 are
stacked on and above the stacking base 1n this order. Note
that, by using die-bonding layers 9, the substrate 4 and the
semiconductor chip 2 are bonded to each other, and the
semiconductor chip 2 and the interposer chip 3 are bonded to
cach other, and the interposer chip 3 and the semiconductor
chip 1 are bonded to each other.

The substrate 4 1s constituted of a member obtained by
forming a wiring layer on an insulating layer such as a thin
plate made of inorganic substance. On the wiring layer, there
are formed bonding terminals 6 . . . for allowing the substrate
4 to be connected to the semiconductor chips 1 and 2. Each
of the bonding terminals 6 . . . 1s used as an electrode pad of
an externally leading electrode for allowing conduction with
the outside, and as a bonding pad to be wire-bonded. Note
that, as the thin plate made of morganic substance, a resin
film, a glass cloth base material 1n which resin contained,
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6

ceramic, and the like are preferably used. Further, 1n case of
providing a semiconductor device having a production
model size, a lead frame may be used as the substrate 4.
When an insulating resin substrate 1s used, it 1s possible to
provide a high-density-installation-type semiconductor
device.

The semiconductor chip 1 includes a wiring (not shown)
formed on an upper side in the stacking direction and bond-
ing pads 15 . . . . The semiconductor chip 2 includes a wiring
(not shown) formed on an upper side in the stacking direc-
tion and bonding pads 25 E

..... Hach of the bonding pads
15 . . . 1s used as an electrode pad of an externally leading,
clectrode for making conduction with the outside, and as a
bonding pad to be wire-bonded. Further, each of the bonding
pads 25 . . . 1s used as an clectrode pad of an externally
leading electrode for making conduction with the outside,
and as a bonding pad to be wire-bonded. Each of the semi-
conductor chips 1 and 2 1s ordinarily arranged so that a func-
tion element (circuit element) such as a transistor 1s formed
on a silicon substrate. It 1s preferable that the wiring layer of
the semiconductor chip 1 1s covered by an insulating film
referred as a passivation film (surface protection film) made
of S1 or polyimide so that the bonding pads 15 . . . are
uncovered, and 1t 1s preferable that the wiring layer of the
semiconductor chip 2 1s covered by an insulating film
referred as a passivation film (surface protection film) made
of S1 or polyimide so that the bonding pads 25 . . . are
uncovered.

The interposer chip 3 1s formed as a dummy semiconduc-
tor chip which has no function element. A wiring layer 1s
provided on the mterposer chip 3. The wiring layer has wire-
bondable first bonding pads 35a . . . , wire-bondable second
bonding pads 35b . . ., and wirings 7 . . ., that make conduc-
tion with the outside. In the wiring layer, the first bonding
pads 33a . . . are disposed on the side near to the semicon-
ductor chip 2, and the second bonding pads 35b . . . are
disposed on the side nearer to the semiconductor chip 1 than
the first bonding pads 35a . . . . Each of the wirings 7 . . .
connects each of the first bonding pads 35a . . . to each of the
second bonding pads 35b . . . . In the present embodiment,
connection wirings extend from the wirings 7 . . ., the first
bonding pads 35a . . . , and the second bonding pads
35b. ...

Note that, an arrangement of the connection wiring 1s not
limited to the foregoing arrangement. For example, 1n case
where 1t 1s possible to directly wire-bond the wirings 7 . . ., 1t
1s not necessary to provide the bonding pads on the connec-
tion wirings. Further, only the first bonding pads 35a . . . may
be used as the connection wirings.

In the present embodiment, the first bonding pads 35a. . .
are disposed along a periphery of the interposer chip 3.
Further, the second bonding pads 35b . . . are disposed along
a periphery of the semiconductor chip 1 so as to be sur-
rounded by the bonding pads 35a . . . . Further, all the wir-
ings 7 . . . are disposed in all directions from the second
bonding pads 35b . . . to the first bonding pads 35a .. . so as
not to cross each other. Note that, 1t 1s preferable that a
surface of the wiring layer 1s covered by a passivation film so
that the first bonding pads 35a . . . and the second bonding
pads 35b . . . are uncovered.

The interposer chip 3 1s formed by using a water made of
the same material and having the same structure as those of a
waler used 1in forming the semiconductor chip 1 and/or the
semiconductor chip 2 stacked above/on the substrate 4.
Further, by using the same process and device as 1n forming
the wiring layer on the semiconductor chip 1 and/or the
semiconductor chup 2 stacked above/on the substrate 4, the
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first bonding pads 35a . . . , the second bonding pads
35b ..., and the wirings 7 . . . are formed on the interposer
chip 3. Thus, 1n forming the interposer chip 3, 1t 1s possible
to use the same process and device as in forming the semi-
conductor chip 1 and/or the semiconductor chip 2, so that 1t
1s possible to reduce the manufacturing cost and the manu-
facturing time that are required 1in forming the interposer
chip 3. Further, when the wiring layer 1s formed on the water
used in forming the semiconductor chip 1 and/or the semi-
conductor chip 2, 1t 1s possible to set the mimimum wiring
pitch to be not more than 1 um, so that it 1s possible to form
the wiring layer of the interposer chip 3 1n such a fine man-
ner that the wiring pitch 1s not more than 1 um.

In the present embodiment, the wire bonding 1s performed
by using the interposer chip 3. Each of the bonding pads
15 . . . on the semiconductor chip 1 and each of the bonding
terminals 6 . . . on the substrate 4 are electrically connected
to each other via each of the wires 8 and the interposer chip
3. Note that, as the wires 8, particularly, a fine wire made of
gold or aluminium are preferably used.

(Steps of Manufacturing the Semiconductor Device)

The following description will sequentially explain the
steps of manufacturing the semiconductor device of the
present embodiment.

(a) The semiconductor chip 2, the interposer chip 3, and the
semiconductor chip 1 are provided on and above the upper
surface of the substrate 4 1n this order and then are fixed.
By using the die-bonding layers 9, the respective chips are
bonded to each other, and the semiconductor chip 2 and
the substrate 4 are bonded to each other.

(b) The bonding pads 25 . . . on the semiconductor chip 2 and
the bonding terminals 6 . . . on the substrate 4 are electri-
cally connected to each other via the wires 8 . . . .

(c) The bonding pads 15 . . . on the semiconductor chip 1 and
the second bonding pads 35b . . . on the interposer chip 3
are electrically connected to each other via the wires

8....
(d) The first bonding pads 35a . . . on the interposer chip 3
and some of the bonding terminals 6 . . . that are not

connected to the bonding pads 25 . . . are electrically

connected to each other via the wires 8 . . . .

As described above, the second bonding pads 35b . . . and
the first bonding pads 35a . . . are respectively connected to
cach other via the wirings 7 . . . Thus, the wires 8 . . .
clectrically connect the bonding pads 15 . . . on the semicon-
ductor chip 1 to the bonding terminals 6 . . . on the substrate
4 via the second bonding pads 35b . . ., the wirings 7 . . .,
and the first bonding pads 35a. . ..

Note that, as shown 1n FIG. 1(a), the wires 8 . . . connected
to the bonding terminals 6 . . . do not cross each other 1n a
horizontal direction, so that the wires 8 . . . for connecting,
the bonding terminals 6 . . . to the bonding pads 25 . . . on the
semiconductor chip 2 do not exist under the wires 8 . . . for
connecting the bonding terminals 6 . . . to the first bonding
pads 1n the cross sectional view taken along A—A'. However,
in order to show that the wires 8 . . . connected to the bond-
ing terminals 6 . . . do not cross each other 1n a vertical
direction, FIG. 1(b) shows a condition of the wire bonding
different from a condition shown in FIG. 1(a) for conve-
nience in description.

Further, in the present embodiment, as shown in FIG.
1(a), the wires 8 . . . are respectively wire-bonded so as not to
cross each other. This 1s based on the following two reasons.
That 1s, (a) the bonding pads 35b . . . of the iterposer chip 3
are disposed around the semiconductor chip 1 so as to be 1n
the same order as that of the bonding pads 15 . . ., and (b) the
bonding pads 35a . . . of the interposer chip 3 are wire-
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bonded to the bonding terminals 6 . . . so as to intervene
between the wires 8 . . . which connect the bonding pads
25 . .. of the semiconductor chip 2 to the bonding terminals
6 . . . of the substrate 4. Due to such arrangement, the wires
8 . .. do not touch each other, so that it 1s possible to prevent

a disadvantage such as short circuit, thereby ensuring elec-
tric connection between the electrodes of the semiconductor
chip 1 and the electrodes of the substrate 4.

Further, 1n the present embodiment, all the bonding pads
15 . . . of the semiconductor chip 1 are connected to the
second bonding pads 35b . . . of the mterposer chip 3, but
may be connected to the bonding pads 25 . . . of the semicon-
ductor chip 2. That 1s, 1t may be so arranged that: bonding
pads on an semiconductor chip are connected to bonding
pads on another semiconductor chip.
|[Embodiment 2]

The following description will explain another embodi-
ment of the semiconductor device of the present invention
with reference to FIG. 2(c) and FIG. 2(b). Note that, for
convenience 1n description, same reference signs are given
to members having the same function as members described
in Embodiment 1, and description thereot 1s omitted.

FIG. 2(a) 1s a plan view obtained by viewing the semicon-
ductor device of the present embodiment from above 1n a
stacking direction, and FIG. 2(b) 1s a cross sectional view
taken along B-B' of FIG. 2(b). As shown 1n FIG. 2(a) and
FIG. 2(b), the semiconductor device of the present embodi-
ment 1s arranged so that: the semiconductor chip 2 1s stacked
on an upper surtace of the substrate 4, and the semiconduc-
tor chip 1 and the iterposer chip 3 are stacked thereon so as
to be positioned side by side. Note that, by using die-
bonding layers 9, the substrate 4 and the semiconductor chip
2 are bonded to each other, and the semiconductor chip 2 and
the interposer chip 3 are bonded to each other, and the semi-
conductor chip 2 and the semiconductor chip 1 are bonded to
cach other.

In bonding pads 15 . . . disposed on peripheral sides of the
semiconductor chip 1, some pads that are positioned near the
interposer chip 3 are connected to second bonding pads
35b ... of the mterposer chip 3 via wires 8 . . . . The second

bonding pads 35b . . . and first bonding pads 35a . . . are
connected to each other by wirings 7 . . . . Further, the first
bonding pads 35a . . . and bonding terminals 6 . . . are

connected by the wires 8 . . . . Further, by the wires 8 . . .,
some of the bonding pads 15 . . . that are not connected to the
second bonding pads 35b . . . and bonding pads 25 . . . of the
semiconductor chip 2 are connected to some of the bonding
terminals 6 . . . that are not connected to the first bonding
pads 35a. ... That is, only the bonding pads 15 . . . disposed
on a peripheral side near the interposer chip 3 are electrically
connected to the bonding terminals 6 . . . of the substrate 4
via the wires 8 . . . and the interposer chip 3.

As steps of manufacturing the semiconductor device of
the present embodiment, first, the semiconductor chip 2 1s
formed on the upper surtace of the substrate 4, and the inter-
poser chip 3 and the semiconductor chip 1 are formed on the
semiconductor chip 2 so as to be positioned side by side, and
they are fixed. By using the die-bonding layers 9, the sub-
strate 4 and the semiconductor chip 2 are bonded to each
other, and the semiconductor chip 2 and the semiconductor
chip 1 are bonded to each other, and the semiconductor chip
2 and the interposer chip 3 are bonded to each other. Next,
the bonding pads 25 . . . on the semiconductor chip 2 and the
bonding terminals 6 . . . on the substrate 4 are connected to
cach other via the wires 8 . . . .

Next, the bonding pads 15 . . . disposed on a peripheral
side of the semiconductor chip 1 which side 1s positioned
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near the interposer chip 3 and the second bonding pads
35b ... on the mterposer chip 3 are electrically connected to
cach other via the wires 8 . . . Next, the first bonding pads
35a on the mterposer chip 3 and some of the bonding termi-
nals 6 . . . that are not connected to the bonding pads 25 . . .
on the semiconductor chip 2 are electrically connected to
cach other via the wires 8 . . . .

Further, (1) some bonding pads 15 . . . other than the
bonding pads 15 . . . disposed on a peripheral side of the
semiconductor chip which side 1s near the mterposer chip 3
and (11) some bonding terminals 6 . . . other than the bonding
terminals 6 . . . connected to the bonding pads 25 . . . on the
semiconductor chip 2 and the first bonding pads 35a on the
interposer chip 3, are electrically connected to each other via
the wires 8 . . . .

Note that, as in FIG. 1(b), in order to show that the wires
8 . .. connected to the bonding terminals 6 . . . do not cross
cach other, for convenience 1n description, FIG. 2(b) shows a
condition of the wire bonding which 1s different from a con-
dition shown 1n FIG. 2(a).

As arranged 1n the present embodiment, the semiconduc-
tor chip 1 and the iterposer chip 3 are disposed side by side
on the semiconductor chip 2 and there i1s an area which
allows wire bonding. As long as such arrangement 1s made,
even when the interposer chip 1s stacked, it 1s possible to
manufacture the semiconductor device without increasing a
thickness of the stacked chips.
| Embodiment 3]

The following description will explain still another
embodiment of the semiconductor device of the present
invention with reference to FIG. 3(a) and FIG. 3(b). Note
that, for convenience in description, the same reference signs
are given to members having the same functions as members
described in Embodiment 1, and description thereof 1s omit-
ted.

FI1G. 3(a) 1s a plan view obtained by viewing the semicon-
ductor device of the present embodiment from above 1n a
stacking direction, and FIG. 3(b) 1s a cross sectional view
taken along C—C' of FIG. 3(a). As shown in FIG. 3(a) and
FIG. 3(b), the semiconductor device of the present embodi-
ment 1s arranged so that: the interposer chip 3 1s stacked on
an upper surface of the substrate 4, and the semiconductor
chips 1 and 2 are stacked thereon and thereabove in this
order. That 1s, in the present embodiment, the interposer chip
3 1s formed between the substrate 4 and the semiconductor
chip 2.

The bonding pads 15 . . . of the semiconductor chip 1 and
the bonding pads 25 . . . of the semiconductor chip 2 are
connected to the second bonding pads 35b . . . of the inter-
poser chip 3 so that each bonding pad 15 corresponds to one
second bonding pad 35b and each bonding pad 25 corre-
sponds another second bonding pad 35b. The second bond-
ing pads 35b . . . and the first bonding pads 33a . . . are
connected to each other by the wirings 7 . . . . Further, the
first bonding pads 35a . . . and the bonding terminals 6 . . . of
the substrate 4 are connected to each other by the wires
8 . ... That 1s, the bonding pads 15 . . . of the semiconductor
chip 1 and the bonding pads 25 . . . of the semiconductor
chip 2 are electrically connected to the bonding terminals
6 . . . on the substrate 4 via the wires 8 . . . and the interposer
chip 3.

As steps of manufacturing the semiconductor device of
the present embodiment, first, the interposer chip 3, the
semiconductor chip 2, and the semiconductor chip 1 are
stacked on and above the substrate 4 1n this order, and they
are {ixed. By using die-bonding layers 9, the respective chips
are bonded to each other, and the interposer chip 3 and the
substrate 4 are bonded to each other. Next, the first bonding
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pads 35 .. . on the interposer chip 3 and the bonding termi-
nals 6 . . . on the substrate 4 are electrically connected to
cach other via the wires 8 . . . . The bonding pads 15 . . . on
the semiconductor chip 1 and the second bonding pads
35b . .. on the mterposer chip 3 are electrically connected to
cach other via the wires 8 . . . Further, (1) the bonding pads
25 . . . on the semiconductor chip 2 and (1) some second
bonding pads 35b . . . on the interposer chip 3 other than the
second bonding pads 35b . . . connected to the bonding pads
15 . . . on the semiconductor chip 1, are electrically con-
nected to each other via the wires 8 . . . .

Note that, for convenience 1n description, 1n order to show

that the wires 8 . . . connected to the bonding terminals 6 . . .
do not cross each other, as 1n FIG. 1(b), FIG. 3(b) shows a

condition of the wire bonding that 1s different from a condi-
tion shown 1 FIG. 3(a).

According to the foregoing arrangement, 1t 1s possible to
make electric connection by using the interposer chip even

when the semiconductor chip 2 1s much smaller than the
substrate 4.

| Embodiment 4]

The following description will explain further another
embodiment of the semiconductor device of the present
invention with reference to FIG. 4, FIG. 5(a), and FIG. 5(b).
Note that, for convenience 1n description, the same reference
signs are given to members having the same function of
members described 1n Embodiment 1, and description
thereof 1s omitted.

FIG. 4 1s a plan view of an iterposer chip which 1s differ-
ent from the interposer chips of Embodiments 1 to 3 in terms
of wirings for connecting first bonding pads to second bond-
ing pads. As shown 1n FIG. 4, 1n the iterposer chip 30 of the
present embodiment, as 1n the interposer chip 3 shown in
FIG. 1(a) of Embodiment 1, the first bonding pads 35a . . .
are disposed along peripheral sides of the interposer chip 3.
Further, the second bonding pads 35b . . . are disposed so as
to be surrounded by the first bonding pads 35a . . . and so as
to be positioned along peripheral sides of a chip stacked on
the interposer chip 3.

Further, the first bonding pads 35a . . . and the second
bonding pads 35b . . . are connected to each other by wirings
7 . ... Each of the wirings 7 . . . connects each of the first
bonding pads 35a . . . to each of the second bonding pads
35b. ...

In Embodiment 1, all the wirings 7 . . . are disposed 1n all
directions from the second bonding pads 35b . . . to the first
bonding pads 35a . . . so as not to cross each other. In the
present embodiment, a condition under which the wirings
7 . .. are disposed 1s more complicate. This 1s described as
follows.

Here, a chip or a substrate that 1s provided on the lower
side of the interposer chip 3 1s referred to as a lower layer
substrate, and a chip stacked on an upper side of the inter-
poser chip 3 1s referred to as an upper layer substrate.
Further, a plurality of bonding pads on the lower layer sub-
strate and a plurality of bonding pads on the upper layer
substrate are respectively connected to each other via the
first bonding pads 35a . . ., the wirings 7 . . ., and the second
bonding pads 35b.

At this time, 1n case where an order 1n which the plurality
of bonding pads on the lower layer substrate are disposed 1s
different from an order in which the plurality of bonding
pads on the upper layer substrate, when the wirings 7 . . . are
disposed as in Embodiment 1, this raises the following prob-
lem. That 1s, the wires 8 . . . which connect (1) the plurality of
bonding pads on the upper layer substrate or the lower layer
substrate to (11) the first bonding pads 33a . . . or the second
bonding pads 35b . . . cross each other.
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Then, 1n the present embodiment, the first bonding pads
35a. .. and the second bonding pads 35b . . . are disposed so
that the wires 8 . . . which connect the plurality of bonding,
pads on the upper layer substrate to the second bonding pads
35b ... do not cross each other and the plurality of bonding
pads on the lower layer substrate to the first bonding pads
35a . .. do not cross each other. Further, the wirings 7 are
disposed 1n a roundabout manner so that the first bonding
pads 35a . . . and the second bonding pads 35b . . . are
respectively connected to each other so as to correspond to

cach other. The wirings 7 . . . are disposed 1n a roundabout
manner so as not to cross each other.

For example, FIG. 4 shows a condition under which at
least one part of the wirings 7 . . . connects (1) the {first
bonding pads 335a . . . disposed along one side of the inter-
poser chup 3 to (11) the second bonding pads 35b . . . disposed
along one side of an upper chip which side 1s not positioned
nearest to the foregoing one side of the interposer chip 3.
Further, the wirings 7 . . . are disposed so that none of the
wirings 7 . . . cross each other. Note that, 1t may be so
arranged that: the wirings 7 . . . connect the first bonding
pads 35a. .. disposed along one side of the interposer chip 3
to the second bonding pads 35b . . . disposed along one side
of an upper chip which side 1s positioned nearest to the fore-
going one side.

In this manner, an entire length of the connection wiring 1s
not necessarily shortest. That 1s, as long as the wirings 7 . . .
connect the first bonding pads 35a . . . to the second bonding
pads 35b . . . respectively so that the wirings 7 . . . do not
cross each other, 1t 1s possible to dispose the wirings 7 . . . 1n
any manner.

FI1G. 5(a) 1s a plan view obtained by viewing the semicon-
ductor device having the interposer chip shown in FIG. 4
from above 1n a stacking direction, and FIG. 5(b) 1s a cross
sectional view taken along D-D' of FIG. 3(a). As shown 1n
FIG. 5(a) and FIG. 5(b), the semiconductor device of the
present embodiment 1s arranged so that: the semiconductor
chip 2, the interposer chip 30, and the semiconductor chip 1
are stacked on and above an upper surface of the substrate 4
in this order. Note that, by using die-bonding layers 9, the
substrate 4 and the semiconductor chip 2 are bonded to each
other, and the semiconductor chip 2 and the mterposer chip
30 are bonded to each other, and the interposer chip 3 and the
semiconductor chip 1 are bonded to each other.

All the wires 8 . . . are wire-bonded 1n the same manner as
in FIG. 1(a) and FIG. 1(b).

As 1n FIG. 1 (a) and FIG. 1 (b), also 1n the semiconductor
device of the present embodiment, the second bonding pads
35b . . . and the first bonding pads 35a . . . are respectively
connected to each other by the wirings 7 . . . . Thus, the wires
8 . . . electrically connect the bonding pads 15 . . . to the
bonding terminals 6 . . . via the second bonding pads

35b . . ., the wirings 7 . . ., and the first bonding pads
35a. ...

According to the foregoing arrangement of the wirings
7 ..., even when an order in which the bonding pads 15 . . .

ol the semiconductor chip 1 are disposed 1s different from an
order 1n which the bonding terminals 6 . . . of the substrate 4
are disposed, 1t 1s possible to electrically connect the corre-
sponding terminals to each other so that the wires 8 . . . do
not cross each other. Thus, 1t 1s not necessary to design the
wirings so as to respectively correspond to the stacked semi-
conductor chips on the substrate 4, so that 1t 1s easier to
design and manufacture the substrate 4.
| Embodiment 5]

The following description will explain still further another
embodiment of the semiconductor device of the present
invention with reference to FIG. 6 to FIG. 8. Note that, for
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convenience in description, the same reference signs are
given to members having the same functions as members
described in Embodiment 1, and description thereof 1s omit-
ted.

FIG. 6 1s a plan view of an interposer chip on which third
bonding pads are formed between a line of the first bonding
pads and a line of the second bonding pads as additional
bonding pads. As shown i FIG. 6, an iterposer chip 31
includes the third bonding pads 35¢ provided between a line
of the first bonding pads 35a . . . and a line of the second
bonding pads 35b . . . . Each of the wirings 7 . . . connects
cach of the first bonding pads 35a . . . to each of the third
bonding pads 35c . . ., and connects each of the third bond-
ing pads 35¢ . . . to each of the second bonding pads
35b. ...

In the present embodiment, the first bonding pads 35a. . .
are disposed along peripheral sides of the interposer chip 3.
Further, the third bonding pads 35c¢ . . . are disposed so as to
be surrounded by the first bonding pads 33a . . . and so as to
be positioned along the first bonding pads 35a . . . . Further,
the second bonding pads 35b . . . are disposed so as to be
surrounded by the third bonding pads 35c . . . and so as to be
positioned along the third bonding pads 35c . . . . That 1s, the
third bonding pads 35¢ . . . are disposed so as to be sur-
rounded by the first bonding pads 35a, and the second bond-
ing pads 35b are disposed so as to be surrounded by the third
bonding pads 35c . . ..

The interposer chip 31 includes the third bonding pads
35c . .. as described above, so that it 1s possible to make the
same 1nterposer chip 31 correspond to semiconductor chips
different from each other in terms of the size as shown 1n
FIG. 7 and FIG. 8. This 1s described as follows.

FIG. 7 1s a plan view obtained by viewing, from above 1n a
stacking direction, the semiconductor device of the present
embodiment in which a semiconductor chip 1 is stacked on
the interposer chip 31 of FIG. 6, and FIG. 8 1s a plan view
obtained by viewing, from above 1n a stacking direction, the
semiconductor device of the present invention in which
another semiconductor chip 1 different from the foregoing
semiconductor chip 1 in terms of the size 1s stacked on the
interposer chip of FIG. 6.

As shown 1n FIG. 7, the semiconductor chip 1 whose size
allows the second bonding pads 35b to surround the semi-
conductor chip 1 1s stacked on the interposer chip 31 of FIG.
6. The bonding pads 15 . . . of the semiconductor chip 1 and
the second bonding pads 35b . . . on the mterposer chip 31
are wire-bonded, and they are electrically connected to each
other via the wires 8 . . . .

Further, as shown 1n FIG. 8, the semiconductor chip 1
whose size does not allow the second bonding pads 35b to
surround the semiconductor chip 1 but allows the third bond-
ing pads 35c . . . to surround the semiconductor chip 1 1s
stacked on the interposer chip 31 of FIG. 6. The bonding
pads 15 . . . of the semiconductor chip 1 and the third bond-
ing pads 35c¢ . . . are wire-bonded so as to be electrically
connected to each other via the wires 8 . . . .

In this manner, the interposer chip 31 shown in FIG. 6
allows the different-sized semiconductor chips 1 to be
stacked thereon.

In case where only the first and second bonding pads are
formed as the bonding pads on the interposer chip, only the
semiconductor chip whose size allows the second bonding
pads to surround the semiconductor chip can be stacked on
the interposer chip. Here, when the second bonding pads are
disposed more outward, 1t 1s possible to cover a larger semi-
conductor chip. However, when the semiconductor chip
whose size 1s much smaller than an area surrounded by the
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second bonding pads is stacked, a length of a wire which
connects the second bonding pad to the bonding pad on the
semiconductor chip 1s too long.

On the other hand, according to the arrangement of the
present embodiment, 1t 1s possible to switch the bonding
pads provided on the interposer chip which are wire-bonded
to the bonding pads on the semiconductor chip so as to cor-
respond to the sizes of the semiconductor chip. Thus, even
when the size of the stacked semiconductor chip varies, 1t 1s
possible to make electric connection so that the length of the
wire for connecting the second bonding pad to the bonding,
pad on the semiconductor chip 1s not too long.

Further, 1t may be so arranged that: fourth or further bond-
ing pads are disposed between lines of the foregoing bond-
ing pads, and the bonding pads are respectively connected to
cach other by the wirings 7. In this manner, by increasing the
number of the bonding pads, the size of the semiconductor
chip stacked on the interposer chip 31 less restricts the
arrangement.

Further, as in Embodiment 4, also in the present
embodiment, 1t 1s possible to dispose the wirings 7 . . .
between first bonding pads 33a . . . and the third bondin
pads 35c¢ . . ., and/or between the second bonding pads
35b . . . and the third bonding pads 35¢ so that the wirings
7 . . . do not cross each other. Even when the size of the
semiconductor chip 1 varies, 1t 1s possible to electrically
connect the bonding pads 15 . . . of the semiconductor chip 1
to the boding terminals 6 . . . on the substrate 4 so that each
of bonding terminals 6 . . . does not correspond to the nearest
bonding pad 15. Thus, 1t 1s possible to manufacture the inter-
poser chip which allows different types, of the semiconduc-
tor chips to be stacked thereon.

In addition to the foregoing arrangement, the semiconduc-
tor device according to the present invention may be
arranged so that: the interposer chip 1s formed by using a
waler made of the same material and having the same struc-
ture as a waler used 1n forming the foregoing semiconductor
chip.

According to the arrangement, the interposer chip 1s
formed by using a waler made of the same material and
having the same structure as a wafer used 1n forming the
semiconductor chip, so that it 1s possible to form wirings
with a fine wiring pitch so as to relay a wire-bonding wire.
That 1s, as to the semiconductor chip, 1n case of forming a
wiring layer on the water, 1t 1s possible to set the minimum
wiring pitch to be not more than 1 um. Thus, also in the
interposer chip, 1t 1s possible to form connection wirings
whose wiring pitch 1s so fine that 1ts minimum value 1s 1 um
likewise.

Further, 1t 1s possible to form the interposer chip by using
the same waler as the water used in forming the semicon-
ductor chip, so that it 1s not necessary to prepare another
substrate for the interposer chip. Thus, 1t 1s possible to
reduce the manufacturing cost and the device cost.

The arrangements described in the foregoing Embodi-
ments are applicable even when the number of stacked semi-
conductor chips increases.

As described above, the semiconductor device according
to the present invention, 1n which one or more semiconduc-
tor chips each having an externally leading electrode are
stacked on a stacking base, includes an interposer chip on
which one or more connection wirings are formed, wherein:
the externally leading electrode provided on at least one of
the semiconductor chips i1s connected to the connection wir-
ing ol the mterposer chip by wire bonding, and the external
leading electrode, connected to the connection wiring, which
1s provided on the semiconductor chip, relays the connection
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wiring so as to be electrically connected to an electrode of a
wiring provided on the stacking base or another of the semi-
conductor chips.

Further, the semiconductor device according to the
present mvention 1s arranged so that the interposer chip 1s
formed by using the same device as a device for forming the
semiconductor chip.

According to the arrangement, the interposer chip 1s
formed by using the same device as a device for forming the
semiconductor chip. Thus, in the step of forming the connec-
tion wirings of the interposer chip, 1t 1s possible to form
connection wirings whose wiring pitch 1s fine as 1n the case
of forming the wiring layer on the wafer in forming the
semiconductor chip. Further, as to a device for forming the
interposer chip, 1t 1s possible to use the same device as a
device for forming the semiconductor chip, so that it 1s pos-
sible to reduce the manufacturing cost.

Further, 1n addition to the foregoing arrangement, the
semiconductor device according to the present invention
may be arranged so that at least one of the semiconductor
chips 1s stacked at a position upper than the interposer chip
in a stacking direction.

According to the arrangement, the semiconductor chip 1s
wire-bonded via the nterposer chip, so that it 1s possible to
clectrically connect the electrode of the semiconductor chip
provided at a position upper than the interposer chip in the
stacking direction to the electrode provided at a position
lower than the interposer chip 1n the stacking direction.

Further, in addition to the foregoing arrangement, the
semiconductor device according to the present invention
may be arranged so that said one or more connection wirings
provided on the interposer chip include: one or more first
bonding pads electrically connected to external electrodes,
provided at a position lower than the interposer chip in the
stacking direction, by wire bonding; and one or more second
bonding pads electrically connected to electrodes, provided
at a position upper than the interposer chip in the stacking
direction, by wire bonding.

According to the arrangement, the bonding pads are pro-
vided on the connection wirings of the interposer chip, so
that 1t 1s possible to use the bonding pads as wire bonding
pads and electrode pads that are used 1n making external
connection. Thus, it 1s possible to electrically connect the
interposer chip to the external electrodes. When the wire
bonding 1s performed via the interposer chip pads, it 1s pos-
sible to make each wire shorter than that in the case of
directly wire-bonding the semiconductor chip positioned at
an upper stage to the stacking base.

Thus, 1t 1s possible to shorten the wire provided on a semi-
conductor chip, which would cause the wire to be extremely
long when connected to the stacking base, by performing
single wire bonding.

Further, according to the arrangement, the first bonding
pads can be connected to the external electrodes provided at
a position lower than the interposer chip in the stacking
direction by wire bonding, and the second bonding pads can
be connected to the external electrodes provided at a position
upper than the mterposer chip 1n the stacking direction by
wire bonding. Further, the first bonding pads and the second
bonding pads are connected to each other by the connection
wirings.

Thus, the electrodes of the semiconductor chip provided
at a position upper than the interposer chip can be electri-
cally connected to the electrodes of the stacking base or
another semiconductor chip via two lines of the bonding
pads of the interposer chip.

Further, 1n addition to the foregoing arrangement, the
semiconductor device according to the present invention




US RE41,326 E

15

may be arranged so that the interposer chip and the semicon-
ductor chip are stacked on the stacking base or another of the
semiconductor chips so as to be disposed side by side.

According to the arrangement, out of the externally lead-
ing electrodes provided on the semiconductor chip, elec- s
trodes provided further away from electrodes provided on
the stacking base or another semiconductor chip can be elec-
trically connected via the interposer chip provided with the
semiconductor chip side by side.

Here, 1t may be so arranged that the interposer chip 1s
stacked on the stacking base or another semiconductor chip,
and a semiconductor chip 1s stacked thereon, but this
arrangement causes the semiconductor device to be thicker.
On the other hand, according to the aforementioned

arrangement, the iterposer chip 1s disposed with the semi-
conductor chip side by side, so that it is possible to suppress 1°
the increase 1n the thickness of the semiconductor device.
That 1s, 1t 1s possible to effectively utilize an area of the
semiconductor chip or an area of the stacking base, which
are provided at a position lower than the interposer chip 1n
the stacking direction, in stacking the chips. 20

Further, 1n addition to the foregoing arrangement, the
semiconductor device according to the present invention
may be arranged so that said one or more connection wirings
provided on the interposer chip include: one or more first
bonding pads electrically connected to external electrodes, 25
provided at a position lower than the interposer chip in the
stacking direction, by wire bonding; and one or more second
bonding pads electrically connected to electrodes, provided
at a position upper than the interposer chip in the stacking
direction, by wire bonding. 30

According to the arrangement, the interposer chip and the
semiconductor chip are disposed on the stacking base or
another semiconductor chip so as to be positioned side by
side, and the first bonding pads are wire-bonded to the exter-
nal electrodes provided at a position lower than the inter- 35
poser chip in the stacking direction, and the second bonding,
pads are wire-bonded to the electrodes of the semiconductor
chip provided with the interposer chip side by side.

Thus, the electrodes of the semiconductor chip provided
at a position upper than the interposer chip in the stacking 40
direction can be electrically connected to the electrodes of
the stacking base or another semiconductor chip via two
lines of bonding pads of the interposer chip by wire bonding
without increasing the thickness of thus stacked chips of the
semiconductor device even when the interposer chip 1s 45
stacked.

Further, 1n addition to the foregoing arrangement, the
semiconductor device according to the present invention
may be arranged so that: the number of the connection wir-
ings provided on the interposer chip 1s plural, and the con- 50
nection wirings are disposed so as not to cross each other.

According to the arrangement, a plurality of connection
wirings are provided on the interposer chip, so that a plural-
ity of electrodes of the semiconductor chip can be electri-
cally connected to a plurality of electrodes of the stacking 55
base or another semiconductor chip via the connection wir-
ngs.

Further, the respective connection wirings are disposed so
as not to cross each other, so that 1t 1s possible to prevent
disadvantages such as short circuit. As a result, it 1s possible 60
to make the electrical connection without fail.

Further, 1n addition to the foregoing arrangement, the
semiconductor device of the present invention may be
arranged so that an order in which the first bonding pads are
disposed 1s different from an order in which the second 65
bonding pads connected to the first bonding pads by the
connection wirings.
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According to the arrangement, the first bonding pads and
the second bonding pads corresponding thereto are different
from each other in terms of an order, so that an order in
which the external electrodes connected to the first bonding
pads are disposed may be different from an order in which
the external electrodes connected to the second bonding
pads. Thus, the electrodes of the semiconductor chip pro-
vided at a position upper than the interposer chip in the
stacking direction can be electrically connected to any elec-
trode of the stacking base or another semiconductor chip that
1s provided at a position lower than the interposer chip. Thus,
it 1s not necessary to design the wirings of the stacking base
so as to correspond to the respective semiconductor chips, so
that 1t 1s possible to more easily design and manufacture the
stacking base.

Further, in addition to the foregoing arrangement, the
semiconductor device according to the present invention
may be arranged so that: one or more additional bonding
pads are provided on the connection wiring of the iterposer
chip so as to be positioned between the first bonding pad and
the second bonding pad, and two arbitrary bonding pads out
of the first bonding pad, the second bonding pad, and the
additional bonding pad are connected to external electrodes
by wire bonding.

According to the arrangement, the first bonding pads and
additional bonding pads are connected to each other by the
wirings, and the additional bonding pads and the second
bonding pads are connected to each other by the wirings.
Further, arbitrary two lines out of the lines of the first,
second, and additional bonding pads are used to make con-
nection with the external electrodes.

Thus, 1n case where a semiconductor chip having a certain
s1ze 1s provided on the mterposer chip, 1t 1s possible to con-
nect the second bonding pads to electrodes of the semicon-
ductor chip, and it 1s possible to connect the first bonding
pads to electrodes positioned at a lower stage. Further, in
case where a semiconductor chip having another size 1s pro-
vided on the interposer chip, it 1s possible to connect other
bonding pads to electrodes of the semiconductor chip, and 1t
1s possible to connect the first bonding pads to the electrodes
positioned at a lower stage. That 1s, 1t 1s possible to provide
the semiconductor chips different from each other 1n its size
on the same interposer chip having the first, second, and
additional bonding pads.

In this manner, the arrangement of the interposer chip 1s
less mnfluenced by the semiconductor chip, so that 1t 1s pos-
sible to prevent the yield of the wire bonding step from
dropping, thereby allowing stackable semiconductor chips
to be more freely combined with each other.

Further, 1n addition to the foregoing arrangement, the
semiconductor device according to the present invention
may be arranged so that: the number of the connection wir-
ings provided on the interposer chip which has the first,
second, and additional bonding pads 1s plural, and the con-
nection wirings are disposed so as not to cross each other.

According to the arrangement, the plurality of connection
wirings are provided, so that a plurality of electrodes of the
semiconductor chip can be electrically connected to a plural-
ity of electrodes of the stacking base or another semiconduc-
tor chip via the connection wirings even when the interposer
chip having the first, second, and additional bonding pads is
used.

Further, the connection wirings are disposed so as not to
cross each other, so that 1t 1s possible to make the electric
connection without fail.

Further, 1n addition to the foregoing arrangement, the
semiconductor device according to the present invention
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may be arranged so that at least two orders out of (1) an order
in which the first bonding pads are disposed, (11) an order 1n
which the second bonding pads connected to the first bond-
ing pads by the connection wirings are disposed, and (111) an
order 1n which the additional bonding pads connected to the
second bonding pads by the connection wirings are
disposed, are different from each other.

According to the arrangement, at least two orders out of
(1) the order 1n which the first bonding pads are disposed, (11)
the order 1n which the second bonding pads are disposed,
and (111) the order in which the additional bonding pads are
disposed, are different from each other, so that at least two
orders out of (a) an order 1n which external electrodes con-
nected to the first bonding pads are disposed, (b) an order in
which external electrodes connected to the second bonding,
pads are disposed, and (¢) an order in which external elec-
trodes connected to the additional bonding pads are
disposed, may be different from each other.

Thus, also 1n case where a plurality of semiconductor
chips having bonding-pad-disposition orders different from
cach other are provided on the interposer chip, electrodes of
the semiconductor chip provided at a position upper than the
interposer chip 1n a stacking direction can be electrically
connected to any electrodes of the stacking base or another
semiconductor chip provided at a position lower than the
interposer chip.

The invention being thus described, 1t will be obvious that
the same way may be varied 1n many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the mvention, and all such modifications as would
be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

What 1s claimed 1s:

1. A semiconductor device, in which one or more semi-
conductor chips each having an externally leading electrode
are stacked on a stacking base, comprising

an interposer chip on which one or more connection wir-
ings are formed,

at least one pair of bonding pads provided on the inter-

poser chip and connected by the connection wiring(s),
wherein:

the externally leading electrode provided on at least one of
the semiconductor chips 1s electrically connected to a
first bonding pad of the at least one pair of bonding
pads,

a second bonding pad of the at least one pair of bonding,
pads 1s electrically connected to an electrode provided
on the stacking base or on another of the semiconductor
chips, and

the first bonding pad 1s provided on the interposer chip
closer to the externally leading electrode than the sec-
ond bonding pad.

2. The semiconductor device as set forth in claim 1,
wherein the interposer chip 1s formed by using a water made
of the same material and having the same structure as a
waler used 1in forming the semiconductor chip.

3. The semiconductor device as set forth in claim 1,
wherein the interposer chip 1s formed by using the same
device as a device for forming the semiconductor chip.

4. The semiconductor device as set forth in claim 1,
wherein the semiconductor chip 1s covered by a surface pro-
tection f1lm so that the externally leading electrode 1s uncov-
ered.

5. The semiconductor device as set forth in claim 1,
wherein at least one of the semiconductor chips 1s stacked at
a position upper than the interposer chip in a stacking direc-
tion.
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6. The semiconductor device as set forth in claim 1,
wherein the interposer chip has no functional elements
formed thereon.

7. A semiconductor device, 1n which one or more semi-
conductor chips each having an externally leading electrode
are stacked on a stacking base, comprising;:

an 1nterposer chip on which one or more connection wir-
ings are formed, wherein:

the externally leading electrode provided on at least one of
the semiconductor chips 1s connected to the connection
wiring of the interposer chip by wire bonding,

the external leading electrode, connected to the connec-
tion wiring, which 1s provided on the semiconductor
chip, [relays the connection wiring so as to be] is elec-
trically connected by the connection wiring to an elec-
trode of a wiring provided on the stacking base and/or
another of the semiconductor chips; [and]

wherein at least one of the semiconductor chips is stacked
at a position upper than the interposer chip 1n a stacking
direction; and

wherein said one or more connection wirings provided on
the interposer chip include:

one or move first bonding pads electrically connected to
external electrodes, provided at a position lower than
the interposer chip in the stacking dirvection, by wire
bonding;

one or more second bonding pads electrically connected
to electrodes, provided at a position upper than the
interposer chip in the stacking divection, by wire bond-
Ing,

the number of the comnnection wirings provided on the
interposer chip is plural; and

the comnnection wirings are disposed so as not to cross
each other.
[8. The semiconductor device as set forth in claim 7,
wherein said one or more connection wirings provided on
the interposer chip imnclude:

one or more first bonding pads electrically connected to
external electrodes, provided at a position lower than
the interposer chip 1n the stacking direction, by wire
bonding; and

one or more second bonding pads electrically connected
to electrodes, provided at a position upper than the
interposer chip in the stacking direction, by wire bond-
ing.]
9. A semiconductor device, 1n which one or more semi-
conductor chips each having an externally leading electrode
are stacked on a stacking base, comprising

an interposer chip on which one or more connection wir-
ings are formed, wherein:

the externally leading electrode provided on at least one of
the semiconductor chips 1s connected to the connection
wiring of the interposer chip by wire bonding,

the external leading electrode, connected to the connec-
tion wiring, which 1s provided on the semiconductor
chip, relays the connection wiring so as to be electri-
cally connected to an electrode of a wiring provided on
the stacking base and/or another of the semiconductor
chips; and

wherein the interposer chip and the semiconductor chip
are stacked on the stacking base or another of the semi-
conductor chips (2) so as to be disposed side by side.
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10. The semiconductor device as set forth in claim 9,
wherein

said one or more connection wirings provided on the
interposer chip include:

one or more first bonding pads electrically connected to
external electrodes, provided at a position lower than
the interposer chip in the stacking direction, by wire

bonding; and
one or more second bonding pads electrically connected
to electrodes, provided at a position upper than the
interposer chip 1n the stacking direction, by wire bond-
ng.
[11. The semiconductor device as set forth in claim 8,
wherein:

the number of the connection wirings provided on the
interposer chip 1s plural, and
the connection wirings are disposed so as not to cross each
other.]
12. The semiconductor device as set forth 1n claim 10,
wherein:

the number of the connection wirings provided on the

interposer chip 1s plural, and

the connection wirings are disposed so as not to cross each

other.

13. The semiconductor device as set forth in claim [11] 7,
wherein an order in which the first bonding pads are dis-
posed 1s different from an order 1n which the second bonding
pads connected to the first bonding pads by the connection
wirings.

14. The semiconductor device as set forth in claim 12,
wherein an order in which the first bonding pads are dis-
posed 1s different from an order 1n which the second bonding,
pads connected to the first bonding pads by the connection
wirings.

[15. The semiconductor device as set forth in claim 8,
wherein the number of the connection wirings provided on
the interposer chip 1s plural, and the connection wirings are
disposed in a roundabout manner.]

16. The semiconductor device as set forth 1n claim 10,
wherein the number of the connection wirings provided on
the interposer chip 1s plural, and the connection wirings are
disposed 1n a roundabout manner.

[17. The semiconductor device as set forth in claim 8,
wherein:

one or more additional bonding pads are provided on the
connection wiring ol the interposer chip so as to be
positioned between the first bonding pad and the sec-
ond bonding pad, and

two arbitrary bonding pads out of the first bonding pad,
the second bonding pad, and the additional bonding pad
are connected to external electrodes by wire bonding.]
18. The semiconductor device as set forth 1n claim 10,
wherein:

one or more additional bonding pads are provided on the
connection wiring ol the interposer chip so as to be
positioned between the first bonding pad and the sec-
ond bonding pad, and

two arbitrary bonding pads out of the first bonding pad,
the second bonding pad, and the additional bonding pad
are connected to external electrodes by wire bonding.
19. The semiconductor device as set forth in claim [17]
30, wherein:

the number of the connection wirings provided on the
interposer chip 1s plural, and

the connection wirings are disposed so as not to cross each
other.
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20. The semiconductor device as set forth in claim 18,
wherein: the number of the connection wirings provided on
the interposer chip 1s plural, and the connection wirings are
disposed so as not to cross each other.

21. The semiconductor device as set forth in claim 19,
wherein at least two orders out of (1) an order 1n which the
first bonding pads are disposed, (11) an order in which the
second bonding pads connected to the first bonding pads by
the connection wirings are disposed, and (111) an order in
which the additional bonding pads connected to the second
bonding pads by the connection wirings are disposed, are
different from each other.

22. The semiconductor device as set forth in claim 20,
wherein at least two orders out of (1) an order 1n which the
first bonding pads are disposed, (11) an order 1n which the
second bonding pads connected to the first bonding pads by
the connection wirings are disposed, and (111) an order in
which the additional bonding pads connected to the second
bonding pads by the connection wirings are disposed, are
different from each other.

23. A semiconductor device, in which one or more semi-
conductor chips each having an externally leading electrode
are stacked on a stacking base, comprising:

an interposer chip on which a plurality of connection wir-
ings arve formed, wherein.:

the externally leading electrode provided on at least one
of the semiconductor chips is connected to at least one
of the connection wirings of the interposer chip,

the external leading electrode, connected to the connec-
tion wiring, which is provided on the semiconductor
chip, is electrically connected by the connection wiring
to an electrode of a wiring provided on the stacking
base or another of the semiconductor chips,

said plurality of connection wirings include (i) first bond-
ing pads electrically connected to the electrode of the
wiring provided on the stacking base ov said another of
the semiconductor chips, and (ii) second bonding pads
electrically connected to the external leading electrode
provided in the semiconductor chip,

an order in which the first bonding pads arve disposed is
different from an order in which the second bonding
pads connected to the first bonding pads by the connec-
tion wirings are disposed, and

at least one of the semiconductor chips is stacked at a
position upper than the interposer chip in a stacking
direction.

24. A semiconductor device, in which one or more semi-

conductor chips each having an externally leading electrode
are stacked on a stacking base, comprising.

an interposer chip on which a plurality of connection wir-
ings arve formed, wherein.:

the externally leading electrode provided on at least one
of the semiconductor chips is connected to at least one
of the connection wirings of the interposer chip,

the external leading electrode, connected to the connec-
tion wiring, which is provided on the semiconductor
chip, is electrically connected by the connection wiring
to an electrode of a wiring provided on the stacking
base or another of the semiconductor chips,

the comnnection wirings ave disposed in a roundabout
manner, and

at least one of the semiconductor chips is stacked at a
position upper than the interposer chip in a stacking
divection.

25. A semiconductor device, in which one or more semi-

conductor chips each having an externally leading electrode
are stacked on a stacking base, comprising:
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an interposer chip on which a plurality of connection wir-
ings are formed; and

at least one pair of bonding pads are provided on the
interposer chip and connected by the comnnection
WIrIngs,

wherein:

the externally leading electrode provided on at least one
of the semiconductor chips is electrically connected to
a first bonding pad of the at least one pair of bonding
pads,

a second bonding pad of the at least one pair of bonding
pads is electrically connected to an electrode provided
on the stacking base or on another of the semiconduc-
tov chips,

the first bonding pad is provided on the interposer chip
closer to the externally leading electrode than the sec-
ond bonding pad, and

in a case where said at least one pair of bonding pads
includes two or movre pairs of bonding pads, an order in

which first bonding pads of said two or movre pairs of

bonding pads ave disposed is different from an order in

which second bonding pads of said two or movre pairs of

bonding pads are disposed, the second bonding pads
being connected to the first bonding pads by the con-
nection wirings.
26. A semiconductor device, in which one or more semi-
conductor chips each having an externally leading electrode
are stacked on a stacking base, comprising:

an interposer chip on which a plurality of connection wir-
ings are formed; and

at least one pair of bonding pads provided on the inter-
poser chip and connected by the connection wirings,
wherein:

the externally leading electrode provided on at least one
of the semiconductor chips is electrically connected to
a first bonding pad of the at least one pair of bonding
pads,

a second bonding pad of the at least one pair of bonding
pads is electrically connected to an electrode provided
on the stacking base or on another of the semiconduc-
tor chips,

the first bonding pad is provided on the interposer chip
closer to the externally leading electrode than the sec-

ond bonding pads, and

the connection wirings are disposed in a roundabout man-
ner.
27. A semiconductor device, in which one or more semi-
conductor chips, each having an externally leading
electrode, are stacked on a stacking base, comprising:

an interposer ship on which a plurality of connection wir-
ings are formed, wherein.:

the externally leading electrode provided on at least one
of the semiconductor chips is connected to at least one
of the connection wirings of the interposer chip,

the external leading electrode, connected to the connec-
tion wiring, which is provide on the semiconductor
chip, is electrically connected by the connection wiring
to an electrode of a wiring provided on the stacking
base or another of the semiconductor chips,

said plurality of connection wirings include (i) first bond-
ing pads electrically connected to the electrode of the

wiring provided on the stacking base or said another of

the semiconductor chips, and (ii) second bonding pads
electrically connected to the external leading electrode
provided in the first semiconductor chip,
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an order in which the first bonding pads arve disposed is
different from an order in which the second bonding
pads connected to the first bonding pads by the connec-
tion wirings ave disposed, and

the interposer chip and the semiconductor chip are
stacked on the stacking base ov another of the semicon-
ductor chips so as to be disposed side by side.

28. A semiconductor device in which one or more semi-

conductor chips, each having an externally leading
electrode, are stacked on a stacking base, comprising:

an interposer chip on which a plurality of connection wir-
ings arve formed, wherein.:

the externally leading electrode provided on at least one
of the semiconductor chips is connected to at least one
of the connection wirings of the interposer chip,

the external leading electrode, connected to the connec-
tion wiring, which is provided on the semiconductor
chip, is electrically connected by the connection wiring
to an electrode of a wiring provided on the stacking
base or another of the semiconductor chips,

the comnection wirings ave disposed in a rvoundabout
manner, and

the interposer chip and the semiconductor chip are
stacked on the stacking base ov another of the semicon-
ductor chips so as to be disposed side by side.

29. A semiconductor device, in which one or more semi-

conductor chips each having an externally leading electrode
are stacked on a stacking base, comprising:

an interposer chip on which one or more connection wir-
ings are formed, wherein.:

the externally leading electrode provided on at least one
of the semiconductor chips is connected to the connec-
tion wiring of the intevposer chip by wire bonding,

the external leading electrode, connected to the connec-
tion wiring, which is provided on the semiconductor
chip, is electrically connected by the connection wiring
to an electrode of a wiring provided on the stacking
base and/ov another of the semiconductor chips;

wherein at least one of the semiconductor chips is stacked
at a position upper than the interposer chip in a stack-
ing direction; and

wherein said one or more connection wirings provided on
the interposer chip include:

one or morve first bonding pads electrically connected to
external electrodes, provided at a position lower than
the interposer chip in the stacking divection, by wire
bonding;,

one or more second bonding pads electrically connected
to electrodes, provided at a position upper than the
interposer chip in the stacking divection, by wire bond-
Ing,

the number of the connection wirings provided on the
interposer chip is plural; and

the connection wirings are disposed in a voundabout man-
ner.
30. A semiconductor device, in which one or more semi-
conductor chips each having an externally leading electrode
are stacked on a stacking base, comprising:

an intevposer chip on which one ov more connection wir-
ings arve formed, wherein.:

the externally leading electrode provided on at least one
of the semiconductor chips is connected to the connec-
tion wiring of the intevposer chip by wire bonding,

the external leading electrode, connected to the connec-
tion wiring, which is provided on the semiconductor
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chip, is electrically connected by the connection wiring
to an electrode of a wiring provided on the stacking
base and/or another of the semiconductor chips;

whevrein at least one of the semiconductor chips is stacked
at a position upper than the interposer chip in a stack-
ing direction; and

wherein said one or more connection wirings provided on
the interposer chip include:

one or more first bonding pads electrically connected to
external electrodes, provided at a position lower than
the interposer chip in the stacking dirvection, by wire
bonding;

10
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one or more second bonding pads electrically connected
to electrodes, provided at a position upper than the
interposer chip in the stacking divection, by wire bond-
ing,

one or more additional bonding pads are provided on the
connection wiring of the interposer chip so as to be
positioned between the first bonding pad and the sec-
ond bonding pad; and

two arbitrary bonding pads out of the first bonding pad,
the second bonding pad, and the additional bonding
pad arve connected to external electrodes by wire bond-

Ing.
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