US 20030006493A1

a2 Patent Application Publication (o) Pub. No.: US 2003/0006493 A1

a9 United States

Shimoishizaka et al.

43) Pub. Date: Jan. 9, 2003

(54) SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOF

(75) Inventors: Nozomi Shimoishizaka, Kyoto-shi (JP);
Toshiyuki Fukuda, Nagaokakyo-shi
QY

Correspondence Address:
NIXON PEABODY, LLP
8180 GREENSBORO DRIVE
SUITE 800

MCLEAN, VA 22102 (US)

(73) Assignee: MATSUSHITA ELECTRIC INDUS-
TRIAL CO., LTD., Osaka (JP)

(21) Appl. No.: 10/185,000
(22) Filed: Jul. 1, 2002
(30) Foreign Application Priority Data
Jul. 4, 2001 (JP) ceeveeeveecercceiecerecinen 2001-203030

109

Publication Classification

(1) Int.CL7 .. ... HO1L 23/02
(52) US.ClL oo 257/686

(7) ABSTRACT

The semiconductor device includes a first semiconductor
chip having first electrodes on a fringe region of a main
surface thereof, and a second semiconductor chip smaller in
area than the first semiconductor chip and having second
electrodes on a main surface thereof. The first semiconduc-
tor chip and the second semiconductor chip are connected
together by bonding a surface of the second semiconductor
chip that is opposite to the main surface thereof to a region
of the main surface of the first semiconductor chip other than
the fringe region. The first electrodes are connected to the
second electrodes by wirings formed over the main surface
of the first semiconductor chip, a side surface of the second
semiconductor chip and the main surface of the second
semiconductor chip.
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SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] The present invention generally relates to a
stacked-chip semiconductor device in which a plurality of
semiconductor chips having different functions are stacked
in a three-dimensional direction, and a manufacturing
method thereof. More particularly, the present invention
relates to a stacked-chip semiconductor device adapted for
improved transmission speed of electric signals, and a
manufacturing method thereof.

[0002] Recently, a stacked-chip semiconductor device is
developed in which a plurality of semiconductor chips
having different functions are stacked on a single circuit
board (carrier substrate) in a single package.

[0003] Hereinafter, a semiconductor device having three
semiconductor chips stacked on a circuit board will be
described as a typical example of such a conventional
stacked-chip semiconductor device.

[0004] FIG. 10 is a cross-sectional view showing the
structure of a conventional stacked-chip semiconductor
device.

[0005] Referring to FIG. 10, the conventional semicon-
ductor device includes a circuit board 3, a first semiconduc-
tor chip 7, a second semiconductor chip 8, and a third
semiconductor chip 10. The circuit board 3 has wiring
electrodes 1 on its top surface and terminal electrodes 2 on
its bottom surface. The first semiconductor chip 7 is bonded
to the circuit board 3 with face-up state and has first
electrodes 4, second electrodes 5 and third electrodes 6 at its
surface. The second semiconductor chip 8 is flip-chip con-
nected to the surface of the first semiconductor chip 7 with
face-down state, and is electrically connected to the first
electrodes 4 of the first semiconductor chip 7. The third
semiconductor chip 10 is bonded to the rear surface of the
second semiconductor chip 8 with face-up state and has
fourth electrodes 9 at its surface. The second electrodes 5 of
the first semiconductor chip 7 and the fourth electrodes 9 of
the third semiconductor chip 10 are electrically connected to
each other by first thin metal wires 11. The wiring electrodes
1 of the circuit board 3 and the third electrodes 6 of the first
semiconductor chip 7 are electrically connected to each
other by second thin metal wires 12. The top surface region
of the circuit board 3 including the semiconductor chips and
the thin metal wires is sealed with an insulating resin
package 13. Note that the gap between the first and second
semiconductor chips 7, 8 is sealed with a resin that is
different from the resin package 13.

[0006] In the conventional semiconductor device of FIG.
10, a plurality of types of semiconductor chips that will
serve as memory elements, logic elements and the like are
mounted on the circuit board 3. This enables implementation
of a multi-functional semiconductor device capable of
implementing multifunctional elements in a single package.

[0007] In this conventional semiconductor device, how-
ever, thin metal wires are used as means for electrically
connecting the chips other than the flip-chip-connected
semiconductor chips. This puts limitations on improvement
in transmission speed of electric signals. In other words, the
use of the electric connection means like thin metal wires in
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a multi-functional semiconductor device having multiple
chips (two or more chips) stacked in a single package results
in a reduced signal propagation speed between the chips.
Therefore, such a conventional semiconductor device cannot
meet future expectation of improved operation speed of the
semiconductor device. In other words, there is a need for an
improved signal speed of a semiconductor device having
two or more chips, e.g., three chips, stacked in a single
package.

SUMMARY OF THE INVENTION

[0008] In view of the above problems, it is an object of the
present invention to implement a high-density, high-perfor-
mance semiconductor device capable of transmitting a sig-
nal with an external equipment at a high speed by improving
a signal propagation speed between chips in a semiconduc-
tor device having two or more semiconductor chips stacked
on each other.

[0009] In order to achieve the above object, according to
a first aspect of the present invention, a semiconductor
device includes a first semiconductor chip having first
electrodes on a fringe region of a main surface thereof, and
a second semiconductor chip smaller in area than the first
semiconductor chip and having second electrodes on a main
surface thereof. The first semiconductor chip and the second
semiconductor chip are connected together by bonding a
surface of the second semiconductor chip that is opposite to
the main surface thereof to a region of the main surface of
the first semiconductor chip other than the fringe region. The
first electrodes are connected to the second electrodes by
wirings formed over the main surface of the first semicon-
ductor chip, a side surface of the second semiconductor chip
and the main surface of the second semiconductor chip.

[0010] According to the semiconductor device of the first
aspect of the present invention, the second semiconductor
chip is bonded to the main surface of the first semiconductor
chip with face-up state. The first electrodes on the main
surface of the first semiconductor chip are connected to the
second electrodes on the main surface of the second semi-
conductor chip by the wirings formed over the side surface
of the second semiconductor chip. This reduces the signal
propagation distance between the first and second elec-
trodes, that is, the signal propagation distance between the
first and second semiconductor chips, and thus improves the
signal propagation speed between the chips, as compared to
the case where thin metal wires are used as means for
electric connection between the first and second electrodes.
This results in an improved signal transmission speed
between a semiconductor device having multiple chips
stacked on each other and an external equipment connected
thereto.

[0011] According to a second aspect of the present inven-
tion, a semiconductor device includes a first semiconductor
chip having first electrodes on a fringe region of a main
surface thereof, and a second semiconductor chip smaller in
area than the first semiconductor chip and having second
electrodes on a main surface thereof. The first semiconduc-
tor chip and the second semiconductor chip are connected
together by bonding a surface of the second semiconductor
chip that is opposite to the main surface thereof to a region
of the main surface of the first semiconductor chip other than
the fringe region. The second semiconductor chip has a side
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surface having an inclination of less than 90 degrees with
respect to the main surface of the first semiconductor chip.
The first electrodes are connected to the second electrodes
by wirings formed over the main surface of the first semi-
conductor chip, the side surface of the second semiconduc-
tor chip and the main surface of the second semiconductor
chip.

[0012] According to the semiconductor device of the
second aspect of the present invention, the following effects
are obtained in addition to the effects obtained in the first
aspect: since the side surface of the second semiconductor
chip has an inclination of less than 90 degrees with respect
to the main surface of the first semiconductor chip, the
length of the wirings formed over the side surface of the
second semiconductor chip can be reduced as compared to
the case where the side surface of the second semiconductor
chip is vertical to the main surface of the first semiconductor
chip. This enables further reduction in signal propagation
distance between the chips and further improvement in
signal propagation speed between the chips.

[0013] According to the semiconductor device of the
second aspect of the present invention, the wirings for
connecting the first electrodes to the second electrodes are
formed on the ground having a gentler slope. This reduces
concentration of stresses on the bent portion of each wiring
caused by heat or mechanical stresses. As a result, discon-
nection of the wirings can be prevented, thereby improving
reliability of the semiconductor device. Moreover, there is
no abrupt difference in level between the main surface of the
first semiconductor chip and the main surface of the second
semiconductor chip. This facilitates a lithography process
for forming the wirings for connecting the first electrodes to
the second electrodes, thereby increasing a process margin.
Moreover, when an insulating resin or the like is applied in
order to insulate these wirings from the side surface of the
second semiconductor chip, coverage of the insulating resin
can be improved.

[0014] Inthe semiconductor device of the second aspect of
the present invention, the inclination is preferably 30
degrees or more.

[0015] This prevents clacks, chippings or the like from
being produced in the side portion of the second semicon-
ductor chip.

[0016] In the semiconductor device of the first or second
aspect of the present invention, the second semiconductor
chip preferably has a thickness of 0.15 mm or less.

[0017] This reduces the difference in level between the
main surface of the first semiconductor chip and the main
surface of the second semiconductor chip. This facilitates a
lithography process for forming the wirings for connecting
the first electrodes to the second electrodes, thereby increas-
ing a process margin. Moreover, this enables further reduc-
tion in size of a semiconductor device having multiple chips
stacked on each other, and also enables further reduction in
signal propagation distance between the chips as well as
further improvement in signal propagation speed between
the chips.

[0018] In the semiconductor device of the first or second
aspect of the present invention, the wirings are preferably
formed on an insulating layer that covers the fringe region
of the main surface of the first semiconductor chip, the side
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surface of the second semiconductor chip and the main
surface of the second semiconductor chip. Moreover, the
wirings are preferably connected to the first electrodes and
the second electrodes via contact holes formed in the insu-
lating layer.

[0019] This enables the wirings for connecting the first
electrodes to the second electrodes to be electrically insu-
lated from the side surface of the second semiconductor
chip.

[0020] In the semiconductor device of the first or second
aspect of the present invention, the second semiconductor
chip preferably has the second electrodes on a fringe region
of the main surface thereof. Preferably, the semiconductor
device further includes a third semiconductor chip smaller in
area than the second semiconductor chip and having third
electrodes on a main surface thereof. The first semiconduc-
tor chip, the second semiconductor chip and the third
semiconductor chip are preferably connected together by
bonding a surface of the third semiconductor chip that is
opposite to the main surface thereof to a region of the main
surface of the second semiconductor chip other than the
fringe region. The second electrodes are preferably con-
nected to the third electrodes by other wirings formed over
the main surface of the second semiconductor chip, a side
surface of the third semiconductor chip and the main surface
of the third semiconductor chip.

[0021] This enables implementation of a high-speed semi-
conductor device having three chips stacked on each other.

[0022] According to a third aspect of the present inven-
tion, a method for manufacturing a semiconductor device
including a first semiconductor chip having first electrodes
on a fringe region of a main surface thereof, and a second
semiconductor chip smaller in area than the first semicon-
ductor chip and having second electrodes on a main surface
thereof includes the following steps: a first step of preparing
a first semiconductor wafer having a plurality of first semi-
conductor chips; a second step of preparing a second semi-
conductor wafer having a plurality of second semiconductor
chips; a third step of cutting the second semiconductor wafer
into the second semiconductor chips with a dicing blade
while tapering ends of each second semiconductor chip in a
forward direction; a fourth step of connecting the first
semiconductor wafer and the second semiconductor chips
together by bonding a surface of each second semiconductor
chip that is opposite to the main surface thereof to a region
of the main surface of a corresponding first semiconductor
chip of the first semiconductor wafer other than the fringe
region; a fifth step of forming a conductive film on the
resultant first semiconductor wafer and patterning the con-
ductive film to form wirings for connecting the first elec-
trodes of each first semiconductor chip to the second elec-
trodes of a corresponding second semiconductor chip; and a
sixth step of cutting the resultant first semiconductor wafer
into the first semiconductor chips as stacked-chip elements
each having the first and second semiconductor chips
stacked on each other.

[0023] The semiconductor device of the second aspect of
the present invention can be manufactured by the manufac-
turing method of the third aspect of the present invention.
Accordingly, the same effects as those obtained in the
semiconductor device of the second aspect of the present
invention can be obtained. In the third aspect of the present
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invention, after the second semiconductor chip is stacked on
each first semiconductor chip of the first semiconductor
wafer at a wafer level, the wirings for connecting the first
electrodes of each first semiconductor chip of the first
semiconductor wafer to the second electrodes of a corre-
sponding second semiconductor chip are formed at a wafer
level. This enables the manufacturing process of the semi-
conductor device to be conducted at a wafer level, and also
enables the mounting step to be conducted successively to
the wafer diffusion step (the step of forming elements such
as transistors, wirings, interlayer films and the like at a wafer
level). This allows for efficient manufacturing of the semi-
conductor device.

[0024] In the manufacturing method according to the third
aspect of the present invention, the third step preferably
includes the step of processing the ends of each second
semiconductor chip so that a side surface of the second
semiconductor chip forms an angle of 30 degrees to less than
90 degrees with respect to a rear surface thereof.

[0025] This enables the same effects as those obtained in
the semiconductor device of the second aspect of the present
invention to be obtained reliably, and prevents cracks,
chippings or the like from being produced in the side portion
of the second semiconductor chip.

[0026] Preferably, the manufacturing method according to
the third aspect of the present invention further includes,
between the second and third steps, the step of grinding the
second semiconductor wafer from a side opposite to the
main surface of each second semiconductor chip so that each
second semiconductor chip has a thickness of 0.15 mm or
less.

[0027] This reduces the difference in level between the
main surface of the first semiconductor chip and the main
surface of the second semiconductor chip. This facilitates a
lithography process for forming the wirings for connecting
the first electrodes to the second electrodes, thereby increas-
ing a process margin. Moreover, this enables further reduc-
tion in size of a semiconductor device having multiple chips
stacked on each other, and also enables further reduction in
signal propagation distance between the chips as well as
further improvement in signal propagation speed between
the chips.

[0028] Preferably, the manufacturing method of the third
aspect of the present invention further includes, between the
fourth and fifth steps, the steps of forming an insulating layer
that covers the fringe region of the main surface of each first
semiconductor chip, a side surface of each second semicon-
ductor chip, and the main surface of each second semicon-
ductor chip, and forming in the insulating layer first contact
holes reaching the first electrodes of each first semiconduc-
tor chip and second contact holes reaching the second
electrodes of each second semiconductor chip. The fifth step
preferably includes the step of forming the conductive film
on the insulating layer so as to fill the first contact holes and
the second contact holes.

[0029] This enables the wirings for connecting the first
electrodes to the second electrodes to be electrically insu-
lated from the side surface of the second semiconductor
chip.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1A is a plan view of a stacked-chip element
mounted in a semiconductor device according to a first
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embodiment of the present invention, and FIG. 1B is a
cross-sectional view of an electrode portion of the stacked-
chip element;

[0031] FIG. 2 is a cross-sectional view of the semicon-
ductor device according to the first embodiment of the
present invention;

[0032] FIGS. 3A, 3B and 3C are cross-sectional views
illustrating main steps of a method for manufacturing the
semiconductor device according to the first embodiment of
the present invention;

[0033] FIGS. 4A, 4B and 4C are cross-sectional views
illustrating main steps of the method for manufacturing the
semiconductor device according to the first embodiment of
the present invention;

[0034] FIG. 5A is a plan view of a stacked-chip element
mounted in a semiconductor device according to a second
embodiment of the present invention, and FIG. 5B is a
cross-sectional view of an electrode portion of the stacked-
chip element;

[0035] FIG. 6 is a cross-sectional view of the semicon-
ductor device according to the second embodiment of the
present invention;

[0036] FIGS. 7A, 7B and 7C are cross-sectional views
illustrating main steps of a method for manufacturing the
semiconductor device according to the second embodiment
of the present invention;

[0037] FIGS. 8A, 8B and 8C are cross-sectional views
illustrating main steps of the method for manufacturing the
semiconductor device according to the second embodiment
of the present invention;

[0038] FIGS. 9A, 9B and 9C are cross-sectional views
illustrating main steps of the method for manufacturing the
semiconductor device according to the second embodiment
of the present invention; and

[0039] FIG. 10 is a cross-sectional view of a conventional
semiconductor device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] (First Embodiment)

[0041] Hereinafter, a semiconductor device according to
the first embodiment of the present invention and a manu-
facturing method thereof will be described.

[0042] First, the structure of a stacked-chip element
mounted in a single package in a semiconductor device of
the first embodiment (hereinafter, referred to as “stacked-
chip element of the present embodiment”) will be described
with reference to the accompanying drawings. FIG. 1A is a
plan view of the stacked-chip element of the present
embodiment, and FIG. 1B is a cross-sectional view of an
electrode portion of the stacked-chip element of the present
embodiment.

[0043] Referring to FIGS. 1A, 1B, the stacked-chip ele-
ment of the present embodiment includes a first semicon-
ductor chip 102, a second semiconductor chip 104 and a
third semiconductor chip 106. The first semiconductor chip
102 has first electrodes 101 on the fringe region of its main
surface. The second semiconductor chip 104 is smaller in
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area than the first semiconductor chip 102 and has second
electrodes 103 on the fringe region of its main surface. The
third semiconductor chip 106 is smaller in area than the
second semiconductor chip 104 and has third electrodes 105
on the fringe region of its main surface. The first semicon-
ductor chip 102, the second semiconductor chip 104 and the
third semiconductor chip 106 are bonded together in the
following manner: the surface of the second semiconductor
chip 104 that is opposite to the main surface thereof is
bonded to a region of the main surface of the first semicon-
ductor chip 102 other than the fringe region with an insu-
lating adhesive. Moreover, the surface of the third semicon-
ductor chip 106 that is opposite to the main surface thereof
is bonded to a region of the main surface of the second
semiconductor chip 104 other than the fringe region with an
insulating adhesive. The first semiconductor chip 102, the
second semiconductor chip 104 and the third semiconductor
chip 106 are those selected from a plurality of types of chips
such as logic chip and memory chip. All signal connection
electrodes are arranged in the fringe regions of the corre-
sponding semiconductor chips. Accordingly, in the stacked-
chip element of the present embodiment, the second semi-
conductor chip 104 is smaller in area than the first
semiconductor chip 102, and the third semiconductor chip
106 is smaller than the second semiconductor chip 104.

[0044] As shown in FIGS. 1A and 1B, the main surface
(fringe region) of the first semiconductor chip 102, the side
surface and the main surface (fringe region) of the second
semiconductor chip 104, and the side surface and the main
surface of the third semiconductor chip 106 are covered with
an insulating resin layer 107. The insulating resin layer 107
has first contact holes 107a reaching the respective first
electrodes 101, second contact holes 107b reaching the
respective second electrode 103, and third contact electrode
107¢ reaching the respective third electrodes 105. First
inter-chip wirings 108 and second inter-chip wirings 109 are
formed on the insulating resin layer 107. Each of the first
inter-chip wirings 108 is connected to the first electrode 101
and the second electrode 103 via the first contact hole 107a
and the second contact hole 1075, respectively.

[0045] Each of the second inter-chip wirings 109 is con-
nected to the second electrode 103 and the third electrode
105 via the second contact hole 107b and the third contact
hole 107¢, respectively. In other words, the insulating resin
layer 107 electrically insulates the first inter-chip wirings
108 from the side surface of the second semiconductor chip
104, and also insulates the second inter-chip wirings 109
from the side surface of the third semiconductor chip 106.
Note that illustration of the insulating resin layer 107 is
omitted in FIG. 1A.

[0046] In the stacked-chip element of the present embodi-
ment, the first electrodes 101 are connected to the second
electrodes 103 by the first inter-chip wirings 108 formed
over the main surface of the first semiconductor chip 102
and the side surface and the main surface of the second
semiconductor chip 104. Moreover, the second electrodes
103 are connected to the third electrodes 105 by the second
inter-chip wirings 109 formed over the main surface of the
second semiconductor chip 104 and the side surface and the
main surface of the third semiconductor chip 106. The use
of such inter-chip wirings reduces the signal propagation
distance between chips and thus improves the signal propa-
gation speed between chips as compared to the case where
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thin metal wires are used as means for electric connection
between electrodes, that is, means for electric connection
between chips. This enables improvement in operation
speed of a semiconductor device having multiple chips
stacked on each other. More specifically, it is clearly under-
stood from FIG. 1B that, provided that D is the distance
between the first electrode 101 and the second electrode 103
and L is the length of the first inter-chip wiring 108, the
length L is shorter than the length of a thin metal wire
connecting a pair of electrodes provided at a distance D.

[0047] Note that, in the stacked-chip element of the
present embodiment, the first inter-chip wirings 108 and the
second inter-chip wirings 109 are formed from an integrally
patterned conductive film. The first electrodes 101 of the
first semiconductor chip 102 function also as external elec-
trodes for transmitting a signal with an external equipment.
Hereinafter, the semiconductor device of the first embodi-
ment will be described.

[0048] The semiconductor device of the first embodiment
is a BGA (Ball Grid Array)-type semiconductor device
having the stacked-chip element of the present embodiment
of FIGS. 1A, 1B mounted on a circuit board. FIG. 2 is a
cross-sectional view of the semiconductor device of the first
embodiment.

[0049] Referring to FIG. 2, the semiconductor device of
the first embodiment is a BGA-type semiconductor device
using a circuit board 113. More specifically, the semicon-
ductor device of the first embodiment includes a circuit
board 113, a stacked-chip element of the present embodi-
ment (see FIG. 1B), thin metal wires 114, and an insulating
resin package 115. The circuit board 113 has wiring elec-
trodes 111 on the fringe region of its top surface and
ball-shaped external terminals 112 at its bottom surface. The
stacked-chip element of the present embodiment is bonded
to the top surface of the circuit board 113. The thin metal
wires 114 electrically connect the first electrodes 101 of the
first semiconductor chip 102 to the wiring electrodes 111,
respectively. The insulating resin package 115 seals the top
surface region of the circuit board 113 including the stacked-
chip element of the present embodiment, the wiring elec-
trodes 111 and the thin metal wires 114. Note that the circuit
board 113 and the stacked-chip element of the present
embodiment are bonded together in the following manner:
the surface of the first semiconductor chip 102 that is
opposite to the main surface thereof is bonded to the region
of the top surface of the circuit board 113 other than the
fringe region. The wiring electrodes 111 are electrically
connected to the external terminals 112 via through holes
formed in the wiring substrate 113, respectively.

[0050] As described above, the stacked-chip element of
the present embodiment mounted in the semiconductor
device of the first embodiment includes a first semiconduc-
tor chip 102, a second semiconductor chip 104 and a third
semiconductor chip 106. The first semiconductor chip 102
has first electrodes 101 on the fringe region of its main
surface. The second semiconductor chip 104 is smaller in
area than the first semiconductor chip 102 and has second
electrodes 103 on the fringe region of its main surface. The
third semiconductor chip 106 is smaller in area than the
second semiconductor chip 104 and has third electrodes 105
on the fringe region of its main surface. The second semi-
conductor chip 104 is bonded to the region of the main



US 2003/0006493 Al

surface of the first semiconductor chip 102 other than the
fringe region with face-up state. The third semiconductor
chip 106 is bonded to the region of the main surface of the
second semiconductor chip 104 other than the fringe region
with face-up state. The main surface of the first semicon-
ductor chip 102, the side surface and the main surface of the
second semiconductor chip 104, and the side surface and the
main surface of the third semiconductor chip 106 are cov-
ered with an insulating resin layer 107. The insulating resin
layer 107 has first contact holes 1074 reaching the respective
first electrodes 101, second contact holes 107b reaching the
respective second electrodes 103, and third contact holes
107¢ reaching the respective third electrodes 105. The first
electrodes 101 are electrically connected to the second
electrodes 103 by the first inter-chip wirings 108 formed on
the side surface of the semiconductor chip 104 with the
insulating resin layer 107 interposed therebetween. More-
over, the second electrodes 103 are electrically connected to
the third electrodes 105 by the second inter-chip wirings 109
formed on the side surface of the third semiconductor chip
106 with the insulating resin layer 107 interposed therebe-
tween.

[0051] More specifically, the semiconductor device of the
present embodiment uses the stacked-chip element of the
present embodiment mounted in a single package. This
reduces the signal propagation distance between chips and
thus improves the signal propagation speed between chips as
compared to the case where thin metal wires are used as
means for electric connection between chips. This enables
improvement in operation speed of a semiconductor device
having multiple chips stacked on each other.

[0052] Hereinafter, a method for manufacturing the semi-
conductor device according to the first embodiment, more
specifically, a method for manufacturing the stacked-chip
element of the present embodiment, will be described.
FIGS. 3A to 3C and FIGS. 4A to 4C are cross-sectional
views illustrating main steps of the method for manufactur-
ing the semiconductor device according to the first embodi-
ment.

[0053] As shown in FIG. 3A, a first semiconductor wafer
121 is prepared. The first semiconductor wafer 121 has a
plurality of first semiconductor chips 102 each having first
electrodes 101 on the fringe region of its main surface. Note
that, in FIGS. 3A to 3C and FIGS. 4A, 4B, dashed line
indicates a scribe line along which the first semiconductor
wafer 121 is cut into individual first semiconductor chips
102.

[0054] As shown in FIG. 3B, a second semiconductor
chip 104 is prepared for every first semiconductor chip 102.
Each of the second semiconductor chips 104 is smaller in
area than the first semiconductor chip 102 and has second
electrodes 103 on the fringe region of its main surface. Each
of the second semiconductor chips 104 is bonded to a
corresponding first semiconductor chip 102 of the first
semiconductor wafer 121 with an insulating adhesive or the
like so as to expose the first electrodes 101. More specifi-
cally, the surface of the second semiconductor chip 104 that
is opposite to the main surface thereof is bonded to the
central region of the main surface of the corresponding first
semiconductor chip 102 in the first semiconductor wafer
121. The first semiconductor wafer 121 and the second
semiconductor chips 104 are thus bonded together.
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[0055] As shown in FIG. 3C, a third semiconductor chip
106 is prepared for every first semiconductor chip 102. Each
of the third semiconductor chips 106 is smaller in area than
the second semiconductor chip 104 and has third electrodes
105 on the fringe region of its main surface. Each of the third
semiconductor chips 106 is bonded to a corresponding
second semiconductor chip 104 on the first semiconductor
wafer 121 with an insulating adhesive or the like so as to
expose the second electrodes 103. More specifically, the
surface of the third semiconductor chip 106 that is opposite
to the main surface thereof is bonded to the central region of
the main surface of the corresponding second semiconductor
chip 104 on the first semiconductor wafer 121. The first
semiconductor wafer 121, the second semiconductor chips
104 and the third semiconductor chips 106 are thus bonded
together.

[0056] A photosensitive insulating material is then applied
to the first semiconductor wafer 121 so as to cover the main
surfaces of the first semiconductor chips 102, the side
surfaces and the main surfaces of the second semiconductor
chips 104, and the side surfaces and the main surfaces of the
third semiconductor chips 106. A prescribed part of the
applied photosensitive insulating material is then exposed to
light for curing. An unnecessary part of the photosensitive
insulating material is then removed. As a result, as shown in
FIG. 4A, an insulating resin layer 107 is formed which has
first contact holes 107a reaching the respective first elec-
trodes 101, second contact holes 107b reaching the respec-
tive second electrodes 103, and third contact holes 107¢
reaching the respective third electrodes 105. Note that the
photosensitive insulating material as the insulating resin
layer 107 may be applied by a commonly used spin coating
method. Alternatively, another method such as a spray
method or a printing method may be used.

[0057] Thereafter, a conductive film is formed on the
insulating resin layer 107 so as to fill the first contact holes
107a, the second contact holes 107b and the third contact
holes 107¢. The conductive film thus formed is then pat-
terned to form first inter-chip wirings 108 and second
inter-chip wirings 109, as shown in FIG. 4B Each of the first
inter-chip wirings 108 connects a corresponding first elec-
trode 101 of a corresponding first semiconductor chip 102 to
a corresponding second electrode 103 of a corresponding
second semiconductor chip 104. Each of the second inter-
chip wirings 109 connects a corresponding second electrode
103 of a corresponding second semiconductor chip 104 to a
corresponding third electrode 105 of a corresponding third
semiconductor chip 106. In other words, the first semicon-
ductor chip 102 and the second semiconductor chip 104 are
electrically connected to each other by the first inter-chip
wirings 108 formed over the main surface of the first
semiconductor chip 102 and the side surface and the main
surface of the second semiconductor chip 104. The insulat-
ing resin layer 107 electrically insulates the first inter-chip
wirings 108 from the side surface of the second semicon-
ductor chip 104. Moreover, the second semiconductor chip
104 and the third semiconductor chip 106 are electrically
connected to each other by the second inter-chip wirings 109
formed over the main surface of the second semiconductor
chip 104 and the side surface and the main surface of the
third semiconductor chip 106. The insulating resin layer 107
electrically insulates the second inter-chip wirings 109 from
the side surface of the third semiconductor chip 106.
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[0058] For example, the first inter-chip wirings 108 and
the second inter-chip wirings 109 may be formed by a
semi-additive method, one of the existing technologies.
More specifically, a metal barrier layer and a plating seed
layer are sequentially formed on the insulating resin layer
107 on the first semiconductor wafer 121 by a sputtering
method, and a resist pattern is formed on the plating seed
layer. Thereafter, by an electroplating method, a thick metal
film is selectively formed on the region of the plating seed
layer having no resist pattern, and the resist pattern is then
removed. The plating seed layer and the metal barrier layer
are then etched away using the thick metal film as a mask.
As a result, the first inter-chip wirings 108 and the second
inter-chip wirings 109 are formed. Note that a metal having
an excellent adhesion property to the insulting resin layer
107 and the plating seed layer and serving as a barrier
against an etchant of the plating seed layer, e.g., TiW, is used
as a material of the metal barrier layer. A low-resistance
metal allowing electroplating to be conducted in an excellent
manner, e.g., Cu, is used as a material of the plating seed
layer. In view of electric characteristics of the first and
second inter-chip wirings 108, 109, a low-resistance, non-
magnetic metal, e.g., Cu, is used as a material of the thick
metal film (i.e., plated metal film).

[0059] The first semiconductor wafer 121 is then cut into
a plurality of first semiconductor chips 102 with a dicing
blade. As a result, the same stacked-chip element as that of
the present embodiment in FIG. 1B is completed as shown
in FIG. 4C. More specifically, the second semiconductor
chip 104 and the third semiconductor chip 106 are stacked
on each first semiconductor chip 102, and the first, second
and third semiconductor chips 102, 104, 106 of each
stacked-chip element are electrically connected to each other
by the first inter-chip wirings 108 and the second inter-chip
wirings 109.

[0060] As has been described above, according to the first
embodiment, the second semiconductor chip 104 is bonded
to the main surface of the first semiconductor chip 102 with
face-up state. The first electrodes 101 on the main surface of
the first semiconductor chip 102 are connected to the second
electrodes 103 on the main surface of the second semicon-
ductor chip 104 by the first inter-chip wirings 108 formed
over the side surface of the second semiconductor chip 104.
Moreover, the third semiconductor chip 106 is bonded to the
main surface of the second semiconductor chip 104 with
face-up state. The second electrodes 103 on the main surface
of the second semiconductor chip 104 are connected to the
third electrodes 105 on the main surface of the third semi-
conductor chip 106 by the second inter-chip wirings 109
formed over the side surface of the third semiconductor chip
106. This reduces the signal propagation distance between
chips and thus improves the signal propagation speed
between chips as compared to the case where thin metal
wires are used as means for electric connection between
electrodes, i.e., between chips. This results in an improved
signal transmission speed between a semiconductor device
having multiple chips (more specifically, three chips)
stacked on each other and an external equipment connected
thereto.

[0061] The first embodiment is implemented based on the
difference in area between the semiconductor chips. More
specifically, the second semiconductor chip 104 and the third
semiconductor chip 106 are sequentially stacked on each
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first semiconductor chip 102 of the first semiconductor
wafer 121 at a wafer level. Thereafter, the first inter-chip
wirings 108 and the second inter-chip wirings 109 for
electric connection between chips are formed at a wafer
level. This enables the manufacturing process of the semi-
conductor device to be conducted at a wafer level, and also
enables the mounting step to be conducted successively to
the wafer diffusion step (the step of forming elements such
as transistors, wirings, interlayer films and the like at a wafer
level). This allows for efficient manufacturing of the semi-
conductor device.

[0062] Note that a semiconductor device having three
chips stacked on each other is described in the first embodi-
ment. However, a semiconductor device having two chips or
four or more chips stacked on each other may alternatively
be used as long as an upper semiconductor chip has a smaller
area and each semiconductor chip has signal connection
electrodes on the fringe region thereof. The same effects as
those described above can be obtained by such a semicon-
ductor device.

[0063] In the first embodiment, the stacked-chip element
is mounted in a BGA-type semiconductor device by using a
circuit board. However, the stacked-chip element may be
mounted in a QFP (Quad Flat Package) or a QFN (Quad Flat
Non-leaded Package) by using a lead frame. Alternatively,
the stacked-chip element may be mounted in a TCP (Tape
Carrier Package) by a TAB (Tape Automated Bonding)
technology. In such cases as well, a high-speed semicon-
ductor device having a stacked-chip element mounted in a
single package can be implemented.

[0064] Conventionally, a semiconductor chip having a
thickness of about 0.15 mm to about 0.60 mm is commonly
mounted in a semiconductor device. In the first embodiment,
however, it is preferable that the total thickness of the second
and third semiconductor chips 104, 106 is about 0.15 mm or
less. In other words, it is preferable to grind a semiconductor
wafer having the second semiconductor chips 104 before
dicing it into individual second semiconductor chips 104,
and to grind a semiconductor wafer having the third semi-
conductor chips 106 before dicing it into individual third
semiconductor chips 106. More specifically, the semicon-
ductor wafer having the second semiconductor chips 104 is
ground from the side opposite to the main surface of the
second semiconductor chips 104 and the semiconductor
wafer having the third semiconductor chips 106 is ground
from the side opposite to the main surface of the third
semiconductor chips 106 so that the total thickness of the
second and third semiconductor chips 104, 106 becomes
equal to about 0.15 mm or less. This reduces the difference
in level between the respective main surfaces of the first and
second semiconductor chips 102, 104 and also reduces the
difference in level between the respective main surfaces of
the second and third semiconductor chips 104, 106. This
facilitates a lithography process for forming the first and
second inter-chip wirings 108, 109, thereby increasing a
process margin. In order to form the wirings in a desirable
manner, the resist film must be applied with a thickness of
at most about 0.15 mm. This requires that the distance from
the main surface of the first semiconductor chip 102 to the
main surface of the third semiconductor chip 106 be about
0.15 mm or less. It is difficult to form a resist pattern with
an aspect ratio (i.e., the ratio of height to width) exceeding
five. Therefore, each of the first and second inter-chip
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wirings 108, 109 must have a width of 0.02 mm or more. In
other words, each of the first and second inter-chip wirings
108, 109 is a flat wiring with an aspect ratio of less than one.
Accordingly, in a semiconductor device having two chips
stacked on each other, it is preferable that the upper semi-
conductor chip has a thickness of about 0.15 mm or less. In
a semiconductor device having four or more chips stacked
on each other, it is preferable that the total thickness of the
second semiconductor chip from the bottom and the semi-
conductor chips stacked thereon is about 0.15 mm or less.

[0065] Reducing the total thickness of the second and third
semiconductor chips 104, 106 in the first embodiment would
enable further reduction in size of a semiconductor device
having multiple chips stacked on each other, and also enable
further reduction in signal propagation distance between
chips as well as further improvement in signal propagation
speed between chips.

[0066] In the first embodiment, a semiconductor wafer to
be cut into the second or third semiconductor chips 104, 106
may be reduced in thickness by the following method: a
semiconductor wafer having a thickness of about 0.50 mm
to about 0.80 mm is first ground to about 0.15 mm to about
0.30 mm by a machining process. An example of the
machining process is an infeed grinding method, a two-step
grinding method using a grinding stone (rough machining
step and finishing step). The resultant semiconductor wafer
is further reduced in thickness to about 0.02 mm to about
0.08 mm by a chemical etching method, a CMP (Chemical
Mechanical Polishing) method, or the like. The reason why
the chemical etching method or the CMP method is used is
as follows: as the wafer thickness is reduced to 0.08 mm or
less, it becomes difficult to grind the semiconductor wafer by
a machining process in view of stresses, strength or the like.

[0067] In the first embodiment, the first and second inter-
chip wirings 108, 109 are formed by a semi-additive
method. However, the first and second inter-chip wirings
108, 109 may alternatively be formed by another existing
wiring formation technology, ¢.g., a sputtering method.

[0068] (Second Embodiment)

[0069] Hereinafter, a semiconductor device according to
the second embodiment of the present invention and a
manufacturing method thereof will be described.

[0070] First, the structure of a stacked-chip element
mounted in a single package in the semiconductor device of
the second embodiment (hereinafter, referred to as “stacked-
chip element of the present embodiment”) will be described
with reference to the accompanying drawings. FIG. 5A is a
plan view of the stacked-chip element of the present
embodiment. FIG. 5B is a cross-sectional view of an
electrode portion of the stacked-chip element of the present
embodiment. Note that, in FIGS. 5A, 5B, the same members
as those of the stacked-chip element mounted in the semi-
conductor device of the first embodiment in FIGS. 1A, 1B
are denoted with the same reference numerals and charac-
ters, and description thereof will be omitted.

[0071] As shown in FIGS. 5A, 5B, the stacked-chip
element of the present embodiment is different from that of
the first embodiment in that the side surface of the second
semiconductor chip 104 has an inclination of less than 90
degrees with respect to the main surface of the first semi-
conductor chip 102, and in that the side surface of the third
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semiconductor chip 106 has an inclination of less than 90
degrees with respect to the main surface of the second
semiconductor chip 104. This reduces both the length of the
first inter-chip wiring 108 connecting the first electrode 101
to the second electrode 103 and the length of the second
inter-chip wiring 109 connecting the second electrode 103 to
the third electrode 105 as compared to the first embodiment.
More specifically, it is clearly understood from FIGS. 5B,
1B that, provided that the distance D' between the first and
second electrodes 101, 103 of the present embodiment is the
same as the distance D between the first and second elec-
trodes 101, 103 of the first embodiment (see FIG. 1B), the
length L' of the first inter-chip wiring 108 of the present
embodiment is shorter than the length L of the first inter-chip
wiring 108 of the first embodiment. In FIG. 5B, 61 denotes
an angle of the side surface of the second semiconductor
chip 104 with respect to the main surface of the first
semiconductor chip 102, and 82 denotes an angle of the side
surface of the third semiconductor chip 106 with respect to
the main surface of the second semiconductor chip 104. The
upper limit of 61 and 62 is about 90 degrees in view of the
limitations on coverage of the insulating resin layer 107,
sputtering coverage of the plating seed layer (see the method
for forming the first and second inter-chip wirings 108, 109
in the first embodiment) or the like. The lower limit of 61
and 02 is about 30 degrees in view of the limitations on the
blade angle of a dicing blade for cutting semiconductor
wafers into second semiconductor chips 104 and third
semiconductor chips 106. In the stacked-chip element of the
present embodiment, 61 and 62 are about 45 degrees. When
01 and 02 are 90 degrees, the stacked-chip element of the
present embodiment is the same as that mounted in the
semiconductor device of the first embodiment in FIGS. 1A,
1B. Note that illustration of the insulting resin layer 107 is
omitted in FIG. 5A.

[0072] Hereinafter, a semiconductor device of the second
embodiment will be described. The semiconductor device of
the second embodiment is a BGA-type semiconductor
device having the stacked-chip element of the present
embodiment of FIGS. 5A, 5B mounted on a circuit board.
FIG. 6 is a cross-sectional view of a semiconductor device
of the second embodiment. Note that, in FIG. 6, the same
members as those in the semiconductor device of the first
embodiment in FIG. 2 are denoted with the same reference
numerals and characters, and description thereof will be
omitted. As shown in FIG. 6, the semiconductor device of
the second embodiment is different from that of the first
embodiment in that each of the side surface of the second
semiconductor chip 104 and the side surface of the third
semiconductor chip 106 has an inclination of less than 90
degrees with respect to the main surface of the underlying
semiconductor chip.

[0073] Hereinafter, a method for manufacturing the semi-
conductor device of the second embodiment, more specifi-
cally, a method for manufacturing the stacked-chip element
of the present embodiment, will be described. FIGS. 7A to
7C, FIGS. 8A to 8C and FIGS. 9A to 9C are cross-sectional
views illustrating main steps of the method for manufactur-
ing the semiconductor device of the second embodiment.

[0074] As shown in FIG. 7A, a first semiconductor wafer
121 is prepared. The first semiconductor wafer 121 has a
plurality of first semiconductor chips 102 each having first
electrodes 101 on the fringe region of its main surface. Note
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that, in FIG. 7A, FIGS. 8B, 8C and FIGS. 9A, 9B, dashed
line indicates a scribe line along which a first semiconductor
wafer 121 is cut into individual first semiconductor chips
102.

[0075] As shown in FIG. 7B, a second semiconductor
wafer 122 is prepared. The second semiconductor wafer 122
has a plurality of second semiconductor chips 104. Each of
the plurality of second semiconductor chips 104 is smaller in
area than the first semiconductor chip 102 and has second
electrodes 103 on the fringe region of its main surface. As
shown in FIG. 7C, the second semiconductor wafer 122 is
then cut into the second semiconductor chips 104 with a
dicing blade 131 having a prescribed blade angle. As shown
in FIG. 8 A, when the second semiconductor wafer 122 is cut
into the second semiconductor chips 104, both ends of each
second semiconductor chip 104 are tapered in the forward
direction. In other words, both ends of each second semi-
conductor chip 104 are processed so that the side surface of
the second semiconductor chip 104 forms an angle 01 of less
than 90 degrees with respect to the rear surface thereof. Note
that chain line in FIGS. 7B, 7C indicates a scribe line along
which the second semiconductor wafer 122 is cut into
individual second semiconductor chips 104.

[0076] As shown in FIG. 8B, each of the second semi-
conductor chips 104 is bonded to a corresponding first
semiconductor chip 102 of the first semiconductor wafer 121
with an insulating adhesive or the like so as to expose the
first electrodes 101. More specifically, the surface of the
second semiconductor chip 104 that is opposite to the main
surface thereof is bonded to the central region of the main
surface of the corresponding first semiconductor chip 102 in
the first semiconductor wafer 121. The first semiconductor
wafer 121 and the second semiconductor chips 104 are thus
bonded together.

[0077] Thereafter, a third semiconductor wafer (not
shown) is prepared. The third semiconductor wafer has a
plurality of third semiconductor chips 106. Each of the third
semiconductor chips 106 is smaller in area than the second
semiconductor chip 104 and has third electrodes 105 on the
fringe region of its main surface. The third semiconductor
wafer is then cut into the third semiconductor chips 106 in
the same manner as that shown in FIGS. 7B, 7C and FIG.
8A so that both ends of each third semiconductor chip 106
are tapered in the forward direction. As a result, the side
surface of the third semiconductor chip 106 forms an angle
02 of less than 90 degrees with respect to the rear surface
thereof. As shown in FIG. 8C, cach of the third semicon-
ductor chips 106 is bonded to a corresponding second
semiconductor chip 104 on the first semiconductor wafer
121 with an insulating adhesive or the like so as to expose
the second electrodes 103. More specifically, the surface of
the third semiconductor chip 106 that is opposite to the main
surface thereof is bonded to the central region of the main
surface of the corresponding second semiconductor chip 104
on the first semiconductor wafer 121. The first semiconduc-
tor wafer 121, the second semiconductor chips 104 and the
third semiconductor chips 106 are thus bonded together.

[0078] A photosensitive insulating material is then applied
to the first semiconductor wafer 121 so as to cover the main
surfaces of the first semiconductor chips 102, the side
surfaces and the main surfaces of the second semiconductor
chips 104, and the side surfaces and the main surfaces of the
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third semiconductor chips 106. A prescribed part of the
applied photosensitive insulating material is then exposed to
light for curing. An unnecessary part of the photosensitive
insulating material is then removed. As a result, as shown in
FIG. 9A, an insulating resin layer 107 is formed which has
first contact holes 107a reaching the respective first elec-
trodes 101, second contact holes 107b reaching the respec-
tive second electrodes 103, and third contact holes 107¢
reaching the respective third electrodes 105. Note that the
photosensitive insulating material as the insulating resin
layer 107 may be applied by a commonly used spin coating
method. Alternatively, another method such as a spray
method or a printing method may be used.

[0079] Thereafter, a conductive film is formed on the
insulating resin layer 107 so as to fill the first contact holes
107a, the second contact holes 107b and the third contact
holes 107¢. The conductive film thus formed is then pat-
terned to form first inter-chip wirings 108 and second
inter-chip wirings 109, as shown in FIG. 9B Each of the first
inter-chip wirings 108 connects a corresponding first elec-
trode 101 of a corresponding first semiconductor chip 102 to
a corresponding second electrode 103 of a corresponding
second semiconductor chip 104. Each of the second inter-
chip wirings 109 connects a corresponding second electrode
103 of a corresponding second semiconductor chip 104 to a
corresponding third electrode 105 of a corresponding third
semiconductor chip 106. In other words, the first semicon-
ductor chip 102 and the second semiconductor chip 104 are
electrically connected to each other by the first inter-chip
wirings 108 formed over the main surface of the first
semiconductor chip 102 and the side surface and the main
surface of the second semiconductor chip 104. The insulat-
ing resin layer 107 electrically insulates the first inter-chip
wirings 108 from the side surface of the second semicon-
ductor chip 104. Moreover, the second semiconductor chip
104 and the third semiconductor chip 106 are electrically
connected to each other by the second inter-chip wirings 109
formed over the main surface of the second semiconductor
chip 104 and the side surface and the main surface of the
third semiconductor chip 106. The insulating resin layer 107
electrically insulates the second inter-chip wirings 109 from
the side surface of the third semiconductor chip 106.

[0080] The first semiconductor wafer 121 is then cut into
a plurality of first semiconductor chips 102 with a dicing
blade. As a result, the same stacked-chip element as that of
the present embodiment in FIG. 5B is completed as shown
in FIG. 9C. More specifically, the second semiconductor
chip 104 and the third semiconductor chip 106 are stacked
on each first semiconductor chip 102, and the first, second
and third semiconductor chips 102, 104, 106 of each
stacked-chip element are electrically connected to each other
by the first inter-chip wirings 108 and the second inter-chip
wirings 109.

[0081] As has been described above, according to the
second embodiment, the second semiconductor chip 104 is
bonded to the main surface of the first semiconductor chip
102 with face-up state. The first electrodes 101 on the main
surface of the first semiconductor chip 102 are connected to
the second electrodes 103 on the main surface of the second
semiconductor chip 104 by the first inter-chip wirings 108
formed over the side surface of the second semiconductor
chip 104. Moreover, the third semiconductor chip 106 is
bonded to the main surface of the second semiconductor
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chip 104 with face-up state. The second electrodes 103 on
the main surface of the second semiconductor chip 104 are
connected to the third electrodes 105 on the main surface of
the third semiconductor chip 106 by the second inter-chip
wirings 109 formed over the side surface of the third
semiconductor chip 106. This reduces the signal propagation
distance between chips and thus improves the signal propa-
gation speed between chips as compared to the case where
thin metal wires are used as means for electric connection
between electrodes, i.e., between chips. This results in an
improved signal transmission speed between a semiconduc-
tor device having multiple chips (more specifically, three
chips) stacked on each other and an external equipment
connected thereto.

[0082] The second embodiment is implemented based on
the difference in area between the semiconductor chips.
More specifically, the second semiconductor chip 104 and
the third semiconductor chip 106 are sequentially stacked on
each first semiconductor chip 102 of the first semiconductor
wafer 121 at a wafer level. Thereafter, the first inter-chip
wirings 108 and the second inter-chip wirings 109 for
electric connection between chips are formed at a wafer
level. This enables the manufacturing process of the semi-
conductor device to be conducted at a wafer level, and also
enables the mounting step to be conducted successively to
the wafer diffusion step. This allows for efficient manufac-
turing of the semiconductor device.

[0083] According to the second embodiment, the side
surface of the second semiconductor chip 104 has an incli-
nation of less than 90 degrees with respect to the main
surface of the first semiconductor chip 102. This reduces the
length of the first inter-chip wiring 108 as compared to the
case where the side surface of the second semiconductor
chip 104 is vertical to the main surface of the first semicon-
ductor chip 102. Similarly, the side surface of the third
semiconductor chip 106 has an inclination of less than 90
degrees with respect to the main surface of the second
semiconductor chip 104. This reduces the length of the
second inter-chip wiring 109 as compared to the case where
the side surface of the third semiconductor chip 106 is
vertical to the main surface of the second semiconductor
chip 104. As a result, the signal propagation distance
between chips is further reduced and thus the signal propa-
gation speed between chips is further improved.

[0084] According to the second embodiment, the first
inter-chip wiring 108 and the second inter-chip wiring 109
are formed on the ground having a gentler slope. This
reduces concentration of stresses on the bent portion of each
wiring caused by heat or mechanical stresses. As a result,
disconnection of the wirings can be prevented, thereby
improving reliability of the semiconductor device. More-
over, there is no abrupt difference in level between the main
surface of the first semiconductor chip 102 and the main
surface of the second semiconductor chip 104 and between
the main surface of the second semiconductor chip 104 and
the main surface of the third semiconductor chip 106. This
facilitates a lithography process for forming the first and
second inter-chip wirings 108, 109, thereby increasing a
process margin. Moreover, the insulating resin layer 107 for
insulating the first inter-chip wirings 108 from the side
surface of the second semiconductor chip 104 and insulating
the second inter-chip wirings 108 from the side surface of
the third semiconductor chip 106 has improved coverage.
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[0085] Note that a semiconductor device having three
chips stacked on each other is described in the second
embodiment. However, a semiconductor device having two
chips or four or more chips stacked on each other may
alternatively be used as long as an upper semiconductor chip
has a smaller area and each semiconductor chip has signal
connection electrodes on the fringe region thereof. The same
effects as those described above can be obtained by such a
semiconductor device.

[0086] In the second embodiment, the stacked-chip ele-
ment is mounted in a BGA-type semiconductor device by
using a circuit board. However, the stacked-chip element
may be mounted in a QFP or a QFN by using a lead frame.
Alternatively, the stacked-chip element may be mounted in
a TCP by a TAB technology. In such cases as well, a
high-speed semiconductor device having a stacked-chip
element mounted in a single package can be implemented.

[0087] Inthe second embodiment, 81 (the angle of the side
surface of the second semiconductor chip 104 with respect
to the main surface of the first semiconductor chip 102) and
62 (the angle of the side surface of the third semiconductor
chip 106 with respect to the main surface of the second
semiconductor chip 104) are preferably 80 degrees or less in
view of the limitations on coverage of the insulating resin
layer 107, sputtering coverage of the plating seed layer, or
the like. As 81 and 62 are reduced to 60 degrees, 45 degrees
and the like, the first inter-chip wirings 108 and the second
inter-chip wirings 109 are formed with further improved
reliability. Even if 61 and 62 are about 90 degrees, however,
the same effects as those of the present embodiment can be
obtained as long as the surface of the insulating resin layer
107 formed on the side surface of the second semiconductor
chip 104 forms an angle of less than 90 degrees (more
preferably, 80 degrees) with respect to the main surface of
the first semiconductor chip 102 and the surface of the
insulting resin layer 107 formed on the side surface of the
third semiconductor chip 106 forms an angle of less than 90
degrees (more preferably, less than 80 degrees) with respect
to the main surface of the second semiconductor chip 104.
Moreover, in the step of cutting the second and third
semiconductor wafers into second semiconductor chips 104
and third semiconductor chips 106 with a dicing blade, the
ends of the second semiconductor chip 104 and the third
semiconductor chip 106 can be relatively easily processed so
that 81 and 62 become equal to about 60 degrees. However,
it is difficult to reduce 61 and 62 to less than 30 degrees due
to the limitations on the blade angle of the dicing blade.
Moreover, as 01 and 62 are reduced, cracks, chippings or the
like are more likely to be produced. In order to prevent such
problems, secondary processing may be conducted after the
ends of the second semiconductor chip 104 and the third
semiconductor chip 106 are tapered in the forward direction.
More specifically, an acute-angled edge in each chip end
may be ground vertically or may be rounded off by a
chemical etching method.

[0088] In the second embodiment, it is preferable that the
total thickness of the second and third semiconductor chips
104, 106 is about 0.15 mm or less. In other words, it is
preferable to grind the second semiconductor wafer 122
before dicing it into individual second semiconductor chips
104, and to grind the third semiconductor wafer (not shown)
before dicing it into individual third semiconductor chips
106. More specifically, the second semiconductor wafer 122
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is ground from the side opposite to the main surface of the
second semiconductor chips 104, and the third semiconduc-
tor wafer is ground from the side opposite to the main
surface of the third semiconductor chips 106 so that the total
thickness of the second and third semiconductor chips 104,
106 becomes equal to about 0.15 mm or less. This reduces
the difference in level between the respective main surfaces
of the first and second semiconductor chips 102, 104 and
also reduces the difference in level between the respective
main surfaces of the second and third semiconductor chips
104, 106. This facilitates a lithography process for forming
the first and second inter-chip wirings 108, 109, thereby
increasing a process margin. However, it is difficult to form
a resist pattern with an aspect ratio (i.e., the ratio of height
to width) exceeding five. Therefore, each of the first and
second inter-chip wirings 108, 109 must have a width of
0.02 mm or more. In other words, each of the first and
second inter-chip wirings 108, 109 is a flat wiring with an
aspect ratio of less than one. Accordingly, in a semiconduc-
tor device having two chips stacked on each other, it is
preferable that the upper semiconductor chip has a thickness
of about 0.15 mm or less. In a semiconductor device having
four or more chips stacked on each other, it is preferable that
the total thickness of the second semiconductor chip from
the bottom and the semiconductor chips stacked thereon is
about 0.15 mm or less.

[0089] Reducing the total thickness of the second and third
semiconductor chips 104, 106 in the second embodiment
would enable further reduction in size of a semiconductor
device having multiple chips stacked on each other, and also
enable further reduction in signal propagation distance
between chips as well as further improvement in signal
propagation speed between chips.

[0090] In the second embodiment, the second or third
semiconductor wafer (i.e., the semiconductor wafer to be cut
into the second or third semiconductor chips 104, 106) may
be reduced in thickness by the following method: a semi-
conductor wafer having a thickness of about 0.50 mm to
about 0.80 mm is first ground to about 0.15 mm to about
0.30 mm by a machining process. An example of the
machining process is an infeed grinding method, a two-step
grinding method using a grinding stone (rough machining
step and finishing step). The resultant semiconductor wafer
is further reduced in thickness to about 0.02 mm to about
0.08 mm by a chemical etching method, a CMP method, or
the like. The reason why the chemical etching method or the
CMP method is used is as follows: as the wafer thickness is
reduced to 0.08 mm or less, it becomes difficult to grind the
semiconductor wafer by a machining process in view of
stresses, strength or the like.

[0091] In the second embodiment, the method for forming
the first and second inter-chip wirings 108, 109 is not
specifically limited. For example, the semi-additive method
as used in the first embodiment may be used. Alternatively,
another method such as a sputtering method may be used.

What is claimed is:
1. A semiconductor device, comprising:

a first semiconductor chip having first electrodes on a
fringe region of a main surface thereof; and
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a second semiconductor chip smaller in area than the first
semiconductor chip and having second electrodes on a
main surface thereof, wherein

the first semiconductor chip and the second semicon-
ductor chip are connected together by bonding a
surface of the second semiconductor chip that is
opposite to the main surface thereof to a region of the
main surface of the first semiconductor chip other
than the fringe region, and

the first electrodes are connected to the second elec-
trodes by wirings formed over the main surface of
the first semiconductor chip, a side surface of the
second semiconductor chip and the main surface of

the second semiconductor chip.
2. The semiconductor device according to claim 1,
wherein the second semiconductor chip has a thickness of

0.15 mm or less.

3. The semiconductor device according to claim 1,
wherein the wirings are formed on an insulating layer that
covers the fringe region of the main surface of the first
semiconductor chip, the side surface of the second semi-
conductor chip and the main surface of the second semi-
conductor chip, and are connected to the first electrodes and
the second electrodes via contact holes formed in the insu-
lating layer.

4. The semiconductor device according to claim 1,
wherein

the second semiconductor chip has the second electrodes
on a fringe region of the main surface thereof,

the semiconductor device further comprising:

a third semiconductor chip smaller in area than the
second semiconductor chip and having third elec-
trodes on a main surface thereof, wherein

the first semiconductor chip, the second semicon-
ductor chip and the third semiconductor chip are
connected together by bonding a surface of the
third semiconductor chip that is opposite to the
main surface thereof to a region of the main
surface of the second semiconductor chip other
than the fringe region, and

the second electrodes are connected to the third
electrodes by other wirings formed over the main
surface of the second semiconductor chip, a side
surface of the third semiconductor chip and the
main surface of the third semiconductor chip.

5. A semiconductor device, comprising:

a first semiconductor chip having first electrodes on a
fringe region of a main surface thereof; and

a second semiconductor chip smaller in area than the first
semiconductor chip and having second electrodes on a
main surface thereof, wherein

the first semiconductor chip and the second semicon-
ductor chip are connected together by bonding a
surface of the second semiconductor chip that is
opposite to the main surface thereof to a region of the
main surface of the first semiconductor chip other
than the fringe region,
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the second semiconductor chip has a side surface
having an inclination of less than 90 degrees with
respect to the main surface of the first semiconductor
chip, and

the first electrodes are connected to the second elec-
trodes by wirings formed over the main surface of
the first semiconductor chip, the side surface of the
second semiconductor chip and the main surface of
the second semiconductor chip.

6. The semiconductor device according to claim 5,
wherein the inclination is 30 degrees or more.

7. The semiconductor device according to claim 5,
wherein the second semiconductor chip has a thickness of
0.15 mm or less.

8. The semiconductor device according to claim 5,
wherein the wirings are formed on an insulating layer that
covers the fringe region of the main surface of the first
semiconductor chip, the side surface of the second semi-
conductor chip and the main surface of the second semi-
conductor chip, and are connected to the first electrodes and
the second electrodes via contact holes formed in the insu-
lating layer.

9. The semiconductor device according to claim 5,
wherein

the second semiconductor chip has the second electrodes
on a fringe region of the main surface thereof,

the semiconductor device further comprising:

a third semiconductor chip smaller in area than the
second semiconductor chip and having third elec-
trodes on a main surface thereof, wherein

the first semiconductor chip, the second semicon-
ductor chip and the third semiconductor chip are
connected together by bonding a surface of the
third semiconductor chip that is opposite to the
main surface thereof to a region of the main
surface of the second semiconductor chip other
than the fringe region, and

the second electrodes are connected to the third
electrodes by other wirings formed over the main
surface of the second semiconductor chip, a side
surface of the third semiconductor chip and the

main surface of the third semiconductor chip.
10. A method for manufacturing a semiconductor device
including a first semiconductor chip having first electrodes
on a fringe region of a main surface thereof, and a second
semiconductor chip smaller in area than the first semicon-
ductor chip and having second electrodes on a main surface

thereof, comprising:

a first step of preparing a first semiconductor wafer having
a plurality of first semiconductor chips;
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a second step of preparing a second semiconductor wafer
having a plurality of second semiconductor chips;

a third step of cutting the second semiconductor wafer
into the second semiconductor chips with a dicing
blade while tapering ends of each second semiconduc-
tor chip in a forward direction;

a fourth step of connecting the first semiconductor wafer
and the second semiconductor chips together by bond-
ing a surface of each second semiconductor chip that is
opposite to the main surface thereof to a region of the
main surface of a corresponding first semiconductor
chip of the first semiconductor wafer other than the
fringe region;

a fifth step of forming a conductive film on the resultant
first semiconductor wafer and patterning the conduc-
tive film to form wirings for connecting the first elec-
trodes of each first semiconductor chip to the second
electrodes of a corresponding second semiconductor
chip; and

a sixth step of cutting the resultant first semiconductor
wafer into the first semiconductor chips as stacked-chip
elements each having the first and second semiconduc-
tor chips stacked on each other.

11. The method according to claim 10, wherein the third
step includes the step of processing the ends of each second
semiconductor chip so that a side surface of the second
semiconductor chip forms an angle of 30 degrees to less than
90 degrees with respect to a rear surface thereof.

12. The method according to claim 10, further compris-
ing, between the second and third steps, the step of:

grinding the second semiconductor wafer from a side
opposite to the main surface of each second semicon-
ductor chip so that each second semiconductor chip has
a thickness of 0.15 mm or less.
13. The method according to claim 10, further compris-
ing, between the fourth and fifth steps, the steps of:

forming an insulating layer that covers the fringe region
of the main surface of each first semiconductor chip, a
side surface of each second semiconductor chip, and
the main surface of each second semiconductor chip;
and

forming in the insulating layer first contact holes reaching
the first electrodes of each first semiconductor chip and
second contact holes reaching the second electrodes of
each second semiconductor chip, wherein

the fifth step includes the step of forming the conduc-
tive film on the insulating layer so as to fill the first
contact holes and the second contact holes.



