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(54) Semiconductor device and method of manufacturing the same

(57) Two semiconductor substrates (21,22) are first
bonded together by means of metal bumps (25), while
respective one-side surfaces (23,24) on which device
patterns are formed are faced to each other, and a resin
(26) is then filled into a gap between the respective one-
side surfaces (23,24); thereafter, each of the semicon-
ductor substrates (21,22) is polished and thinned to a
prescribed thickness (t1, t2). Furthermore, via holes

(VH) and an insulating film (27) are formed; part of the
insulating film (27) in contact with the metal bumps (25)
is opened, the via holes (VH) are filled with a conductor
(28), and electrode pads (29) are realized on the con-
ductor (28) to thereby form a structure (20a). Finally, a
required number of structures ( 20a, 20b, 20c) are elec-
trically connected with each other through the electrode
pads (29) and stacked to thereby obtain a semiconduc-
tor device (10).
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Description

[0001] The present invention relates to a semiconduc-
tor device and its manufacturing method and, more par-
ticularly, to a technique adapted to eliminate drawbacks
arising in association with a thinning in performing three-
dimensional mounting intended for the high density de-
sign and multiple-pin design of semiconductor devices.
[0002] Various methods have been previously pro-
posed as techniques for accomplishing the high density
design and multiple-pin design of semiconductor devic-
es. One available method, for example, involves fabri-
cating a printed wiring board of multilayer structure by
means of a build-up method and mounting elements
such as semiconductor chips on the multilayer printed
wiring board so as to obtain a device.
[0003] Also, in another available method, instead of
fabricating a printed wiring board of multilayer structure,
a printed wiring board is fabricated by forming wiring pat-
terns on both sides of one insulative substrate, fabricat-
ing a device by mounting elements such as semicon-
ductor chips on the wiring patterns of one surface of the
printed wiring board, and performing three-dimensional
mounting by stacking such devices. According to this
method, it is necessary to electrically interconnect the
respective semiconductor chips mounted on each of the
printed wiring boards. To this end, through holes are
formed in each of the printed wiring boards by piercing
the printed wiring board, and wiring patterns formed on
both surfaces of the printed wiring board are electrically
interconnected through plated films (conductor layers)
formed on the inner surfaces of the through holes.
[0004] Also, as still another method of performing
three-dimensional mounting, there is a conceivable
method which involves: using a silicon (Si) substrate as
a base material layer; forming a hole with a required
depth in the silicon substrate; forming required device
patterns (including circuit patterns, wiring patterns, or
the like) after filling the hole with a conductor by plating,
or the like, so that the device patterns are electrically
connected to the conductor; covering the device pat-
terns with insulating films formed of polyimide resin, or
the like; exposing the conductor by polishing the back
surface of the silicon substrate by means of a back-
grinding method, or the like; fabricating a device by pro-
viding metal bumps (external connection terminals) on
the exposed conductor; and stacking a required number
of devices.
[0005] Likewise in this method, it is necessary to elec-
trically interconnect each of the devices, and to this end,
it is necessary to form through holes in the insulating
film of the device, plate the inner surfaces of the through
holes, and electrically connect device patterns via the
plated film to metal bumps of an upper-positioned de-
vice.
[0006] As described above, various techniques have
been proposed as techniques for accomplishing the
high density design and multiple-pin design of semicon-

ductor devices. Among these, in the technique utilizing
a build-up method, the thickness of the printed wiring
board is considerably increased because the printed
wiring board is fabricated to have a multilayer structure.
Accordingly, the scale of the whole semiconductor de-
vice in final form becomes large, resulting in a problem
in that it is not possible to fully meet the recent require-
ment for thinning design.
[0007] Also, the method which involves forming a de-
vice by means of an insulative substrate and stacking a
required number of devices, is favorable in terms of the
high density design and multiple-pin design, compared
with the above technique utilizing a build-up method, be-
cause a plurality of semiconductor chips are mutually
three-dimensionally mounted. However, this method
has a drawback in terms of the thinning design in the
same manner as described above, because semicon-
ductor chips are interposed between printed wiring
boards.
[0008] On the other hand, the method which involves
forming a device by means of a silicon substrate and
stacking a required number of devices, is favorable in
terms of the thinning design, because the thickness of
the silicon substrate is reduced by polishing the back
surface thereof. However, this method poses the follow-
ing problems:
[0009] Namely, in this method, a mechanical polishing
such as a back-grinding method is performed to make
the silicon substrate thin, and accordingly, there is a limit
to the thickness of the silicon substrate to be thinned
due to mechanical shocks of the mechanical polishing.
If the silicon substrate is made excessively thin, a prob-
lem would arise in that cracks occur in the silicon sub-
strate and, in some cases, the silicon substrate may be
broken or damaged.
[0010] Also, the surface on one side of the silicon sub-
strate, on which device patterns are formed, is formed
of an insulating film of polyimide resin, or the like, while
the surface on another side is formed of a conductor.
Namely, the two surfaces have different coefficients of
thermal expansion, which causes a difference in stress
to be generated between the one surface and another
surface. As a result, for example, when polishing treat-
ment is performed, a problem arises in that the silicon
substrate is warped.
[0011] Accordingly it is desirable to provide a semi-
conductor device and its manufacturing method, which
can eliminate drawbacks arising in association with a
thinning (damage to a semiconductor substrate, occur-
rence of cracks, warping of a semiconductor substrate,
or the like) in performing three-dimensional mounting in-
tended for the high density design and multiple-pin de-
sign.
[0012] According to an embodiment of one aspect of
the present invention, there is provided a method of
manufacturing a semiconductor device, which includes
the steps of: bonding, by means of a metal bump, two
semiconductor substrates, on respective one-side sur-
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faces of which a conductor layer patterned to a required
shape is formed, while facing the respective one-side
surfaces to each other; filling, with an insulating resin, a
gap between the respective conductor layers bonded by
means of the metal bump; polishing each of exposed
side surfaces of the semiconductor substrates to there-
by thin each of the semiconductor substrates to a pre-
scribed thickness; forming a via hole which reaches the
metal bump, in a required place of each of the thinned
semiconductor substrates; forming an insulating film on
the surface of each of the semiconductor substrates in-
cluding an inner surface of the formed via hole; opening
at least part of a portion in contact with the metal bump,
of the insulating film formed within the via hole; filling an
inside of the via hole with a conductor and further form-
ing, on the insulating film, an electrode pad patterned to
a required shape and electrically connected to the con-
ductor; and stacking a structure obtained by the above-
described steps, by a required number, by electrically
connecting respective structures with each other
through the electrode pad.
[0013] According to an embodiment of this aspect of
the present invention, it is possible to accomplish a thin-
ning design as the whole semiconductor device in a
three-dimensionally mounted configuration which is fi-
nally manufactured, because two semiconductor sub-
strates are first bonded together by means of a metal
bump, while respective one-side surfaces, on which
conductor layers (device patterns) are formed, face
each other, and an insulating resin is then filled into the
gaps between the semiconductor substrates, and there-
after the thickness of each of the substrates is reduced
by polishing both surfaces, i.e., each of the exposed side
surfaces of the semiconductor substrates.
[0014] Also, since the insulating resin is filled into the
gap between the facing conductor layers of the semi-
conductor substrates, it is possible to effectively absorb
and buffer mechanical shocks caused by the polishing
(thinning treatment)of each substrate, with the aid of the
insulating resin. Namely, the insulating resin-functions
as a cushion (a buffer layer). As a result, even in the
case that semiconductor substrates are thinned to a lev-
el close to the limit of the state-of-the art, it is possible
to eliminate drawbacks as seen in previously-proposed
methods, such as the occurrence of cracks and damage
to a substrate. In other words, it is possible to improve
the crack resistance of the semiconductor substrate.
[0015] Furthermore, since polishing (thinning treat-
ment) is conducted on a structure obtained by sticking
the two semiconductor structures together symmetrical-
ly as if reflected in a mirror, while the respective one-
side surfaces, on which the conductor layers (device
patterns) are formed, face each other, it is possible to
eliminate drawbacks as seen in previously-proposed
methods, such as warping of a semiconductor substrate
caused by a difference in stress generated between the
one surface and another surface of the substrate. In oth-
er words, it is possible to remedy the warping of the sem-

iconductor substrate.
[0016] Also, according to an embodiment of another
aspect of the present invention, there is provided a
method of manufacturing a semiconductor device,
which includes the steps of: bonding, by means of a met-
al bump, two semiconductor substrates, on respective
one-side surfaces of which a conductor layer patterned
to a required shape is formed, while facing the respec-
tive one-side surfaces to each other; filling, with an in-
sulating resin, a gap between the respective conductor
layers bonded by means of the metal bump; polishing
each of exposed side surfaces of the semiconductor
substrates to thereby thin only one of the semiconductor
substrates to a prescribed thickness; forming a via hole
which reaches the metal bump, in a required place of
the thinned semiconductor substrate; forming an insu-
lating film on the surface of each of the semiconductor
substrates including an inner surface of the formed via
hole; opening at least part of a portion in contact with
the metal bump, of the insulating film formed within the
via hole; and filling an inside of the via hole with a con-
ductor and further forming, on the insulating film on the
thinned semiconductor substrate, an electrode pad pat-
terned to a required shape and electrically connected to
the conductor.
[0017] According to an embodiment of this aspect, in
the same manner as in an embodiment of the above-
described aspect, it is possible to accomplish a thinning
design as the whole semiconductor device in a three-
dimensionally mounted configuration which is finally
manufactured, because two semiconductor substrates
are first bonded together by means of a metal bump,
while respective one-side surfaces on which conductor
layers (device patterns) are formed face each other, and
an insulating resin is then filled into the gaps between
the silicon substrates, and thereafter the thickness of
one of the substrates is reduced to a prescribed thick-
ness when polishing each exposed surface of the silicon
substrates. Also, owing to the presence of the insulating
resin which functions as a buffer layer, it is possible to
buffer mechanical shocks caused by the polishing (thin-
ning treatment), and thus to eliminate drawbacks such
as the occurrence of cracks in the semiconductor sub-
strate. Furthermore, since polishing (thinning treatment)
is conducted on a structure obtained by sticking the two
semiconductor structures together symmetrically as if
reflected in a mirror, while the respective one-side sur-
faces on which the conductor layers (device patterns)
are formed face each other, it is possible to eliminate
drawbacks, such as warping of a semiconductor sub-
strate caused by a difference in stress generated be-
tween the one surface and another surface of the sub-
strate.
[0018] Also, according to an embodiment of still an-
other aspect of the present invention, there is provided
a semiconductor device manufactured by a method em-
bodying the present invention.
[0019] Reference will now be made, by way of exam-
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ple, to the accompanying drawings, in which:

FIG. 1 is a sectional view showing the structure of
a semiconductor device according to an embodi-
ment of the present invention;
FIG. 2A to FIG. 2K are sectional views showing the
manufacturing steps of the semiconductor device
shown in FIG. 1;
FIG. 3 is a sectional view showing the structure of
a semiconductor device according to another em-
bodiment of the present invention; and
FIG. 4A to FIG. 4G are sectional views showing the
manufacturing steps of the semiconductor device
shown in FIG. 3.

[0020] FIG. 1 schematically shows the sectional
structure of a semiconductor device according to an em-
bodiment of the present invention.
[0021] The semiconductor device 10 according to this
embodiment has a three-dimensionally mounted config-
uration formed by stacking structures 20a, 20b, 20c in
three stages, as shown in the figure. In each of the struc-
tures 20a, 20b, 20c, numerals 21 and 22 denote a silicon
substrate thinned to a prescribed thickness, respective-
ly; numerals 23 and 24 denote a conductor layer which
is formed on one surface of the corresponding silicon
substrate 21, 22, respectively, and which involves de-
vice patterns including required circuit patterns, wiring
patterns, or the like; the numeral 25 denotes a metal
bump which bonds the two silicon substrates 21, 22
through each of the conductor layers 23, 24 as will be
described later; and numeral 26 denotes an insulative
resin layer formed by being filled into a gap between the
conductor layers 23, 24 bonded together by means of
the metal bump 25. The metal bump 25 functions as a
metal post, and the insulative resin layer 26 functions
as a buffer layer to cushion mechanical shocks caused
by the thinning treatment of a silicon substrate as will be
described later, and also functions as a reinforcing
agent.
[0022] Also, numeral 27 denotes an insulating film
which functions as a protective film for each of the struc-
tures 20a, 20b, 20c; numeral 28 denotes a conductor
filled into a via hole formed in each of the silicon sub-
strates 21, 22; and numeral 29 denotes an electrode pad
formed on each of the insulating films 27 and electrically
connected to the conductor 28. The conductor 28 is
electrically connected to the metal bump 25 through an
opening (indicated by OP in FIG. 2F) formed in part of
the insulating film 27 within the via hole. Therefore, the
electrode pads 29 formed on both surfaces of each of
the structures 20a, 20b, 20c are interconnected through
the conductor 28 and the metal bump 25.
[0023] The thickness of each of the structures 20a,
20b, 20c is selected to be approximately 50 µm; the
thickness (t1, t2) of the thinned silicon substrates 21, 22
is selected to be in the range of 3 to 20 µm; and the
thickness of the insulative resin layer (buffer layer) 26 is

selected to be approximately 30 µm.
[0024] Also, numerals 30a, 30b and 30c denote a
metal bump bonded to the electrode pad 29 on the side
of one surface (lower side in the illustrated example) of
the corresponding structures 20a, 20b, 20c. Among
these, the metal bump 30a bonded to the electrode pad
29 of the lowest-positioned structure 20a functions as
an external terminal of this device 10. Also, numeral 31
denotes an insulative resin layer filled as an underfill into
gaps between the stacked structures 20a, 20b, 20c.
[0025] In the above-described structure, as the mate-
rials which constitute the metal bumps 25, 30a, 30b and
30c, Pb-free solders such as silver-tin (Ag-Sn) are used,
in addition to eutectic solders, such as generally-used
lead-tin (Pb-Sn). Alternatively, gold (Au), silver (Ag),
copper (Cu), indium (In) or its alloys (In-Pb, In-Sn, or the
like), nickel (Ni), and the like, may be used. Also, each
of the bumps 25, 30a, 30b and 30c may be formed by a
generally-used plating method utilizing photo process-
es, or may be a ball bump such as a stud bump formed
by means of wire bonding techniques.
[0026] Also, Cu is typically used as the material for
the device patterns (conductor layers 23, 24) including
circuit patterns and wiring patterns. In order to further
increase electrical conductivity and improve the reliabil-
ity of connection to the metal bump 25, it is preferable
to apply a coating of Au, Sn, or the like, for example.
Furthermore, Au, Cu, Ni, chromium (Cr), aluminum (Al),
or the like, is used as the material for the conductor 28
and the electrode pad 29. Also, epoxy resin, polyimide
resin, or the like is used as the material for the insulative
resin layer (buffer layer) 26 and the insulative resin layer
(underfill material) 31. Furthermore, as the material for
the insulating film (protective film) 27, photosensitive
resin such as polyimide resin, epoxy resin, or the like,
silicon oxide films formed by chemical vapor deposition
(CVD) process, phosphorous silicate glass (PSG), or
the like, is used.
[0027] Although in this embodiment the external con-
nection terminal (metal bump 30a) is provided as shown
in FIG. 1, it is not always necessary to provide the ex-
ternal connection terminal. This is because such an ex-
ternal connection terminal may be provided immediately
before the semiconductor device 10 is mounted on a
mother board such as a printed circuit board, in actual
use. Therefore, as a final configuration of the semicon-
ductor device 10, it is necessary only that the electrode
pad 29 be exposed so that the external connection ter-
minal (metal bump 30a) can be bonded.
[0028] Hereinafter, a method of manufacturing the
semiconductor device 10 according to the present em-
bodiment will be described with reference to FIG. 2A to
FIG. 2K which show the manufacturing steps in se-
quence.
[0029] First, in the first step (FIG. 2A), two silicon sub-
strates 21a and 22a, on respective one-side surfaces of
which a conductor layer 23, 24 patterned to a required
shape is formed, are bonded by means of a metal bump
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25, while the respective one-side surfaces on which the
conductor layer 23, 24 is formed face each other.
[0030] Specifically, two relatively thick silicon sub-
strates 21a, 22a having a thickness of approximately
100 µm to 300 µm are first prepared, and on respective
one-side surfaces of the silicon substrates 21a, 22a are
formed required device patterns (conductor layers 23,
24), by means of a well-known photolithography tech-
nique. Subsequently, a plurality of metal bumps 25 are
bonded to prescribed positions on the conductor layer
23 of one silicon substrate 21a, for example, by ultra-
sonic bonding (i.e., bonding method which utilizes the
thermal action or cavitation effect of ultrasonic waves),
thermocompression bonding (wire bonding method, re-
flow soldering method), or the like. Subsequently, the
two silicon substrates 21a, 22a are bonded together
through the conductor layers 23, 24 by means of the
metal bump 25, while the one-side surface to which the
metal bump 25 of this silicon substrate 21a is bonded is
faced with the one-side surface on which the conductor
layer 24 of the other silicon substrate 22a is formed.
Namely, a structure in which the two silicon substrates
21a, 22a are stuck together through the metal bump 25
is obtained.
[0031] In the next step (FIG. 2B), the structure ob-
tained in the preceding step (formed by sticking the two
silicon substrates 21a, 21b together through the metal
bump 25) is placed in a vacuum chamber and an insu-
lative resin such as epoxy resin is then filled into a gap
between the conductor layers 23, 24 bonded by the met-
al bump 25, to thereby form an insulative resin layer 26
having a thickness of approximately 30 µm.
[0032] In the next step (FIG. 2C), both surfaces of the
structure obtained in the preceding step, i.e., the surfac-
es of the exposed sides of the silicon substrate 21a, 22a,
are thinned by performing mechanical polishing such as
a back-grinding method, so as to constitute silicon sub-
strates 21, 22 having a thickness (t1 6 t2) of approxi-
mately 3 µm to 20 µm. The portions indicated by broken
lines in the figure represent portions removed by the pol-
ishing.
[0033] In the next step (FIG. 2D), a via hole VH reach-
ing the metal bump 25 is formed in a required place of
each of the semiconductor substrates 21, 22 thinned in
the preceding step. The via hole VH can be formed by
drilling, for example, by means of a CO2 laser, a YAG
laser, an excimer laser, or the like, or by etching, for ex-
ample, by means of a plasma etcher.
[0034] In the next step (FIG. 2E), by means of a CVD
process, a silicon oxide film (SiO2), i.e., an insulating
film 27, is formed on the surface of the silicon substrates
21, 22 including the inner surface of the via hole VH
formed therein.
[0035] The insulating film 27 is formed to electrically
insulate a conductor layer to be filled in the via hole VH
in a subsequent step from the silicon substrates 21, 22,
and also functions as a protective film as described
above.

[0036] Although in this step a silicon oxide film is
formed as the insulating film 27, for example, a phos-
phorus silicate glass (PSG) may be formed by means
of CVD method, in place of the silicon oxide film. Alter-
natively, it is also possible to form the insulating film 27
by coating a resin (in particular, a photosensitive resin),
such as polyimide resin, epoxy resin, or the like, on the
whole surface.
[0037] In the next step (FIG. 2F), among the respec-
tive insulating films 27 on both surfaces formed in the
preceding step, at least part of a portion in contact with
the metal bump 25, of the insulating film 27 formed with-
in the via hole VH, is opened (opening OP). The opening
OP can be formed, by the same treatment as in the step
of FIG. 2D, i.e., by drilling, for example, by means of a
CO2 laser, a YAG laser, or the like, or by etching, for
example, by means of a plasma etcher.
[0038] As a result, a portion corresponding to the
opening OP of the insulating film 27 in the via hole VH,
i.e., part of the metal bump 25 is exposed.
[0039] Although in this step, the opening OP of the
insulating film 27 is formed by a laser, plasma etching,
or the like, where the insulating film 27 is formed by coat-
ing a photosensitive resin, it is also possible to form the
opening OP by a well-known photolithography tech-
nique.
[0040] In the next step (FIG. 2G), by means of elec-
troless plating or electrolytic plating, for example, a con-
ductor layer CL is formed to fill the via hole VH formed
in each of the silicon substrates 21, 22 (part of the insu-
lating film 27 formed therein opens (opening OP)).
[0041] Specifically, the whole surface is first subjected
to electroless nickel (Ni)plating, and then, the nickel lay-
er is subjected to electroless gold (Au)plating, or to flash
plating (plating of very small thickness) by electrolytic
Au plating using the Ni layer as a power supply layer.
Subsequently, electrolytic copper (Cu) plating is per-
formed to fill the via hole VH using the Au layer as a
power supply layer, to thereby form a three-layer (Ni/Au/
Cu) conductor layer CL. The Ni layer in the conductor
layer CL is intended to increase the adhesion to the un-
derlying insulating film (SiO2) 27, and the Au layer is
formed to lower electrical resistance during electrolytic
Cu plating.
[0042] In the conductor layer CL thus formed, a con-
ductor 28 buried in the via hole VH is used to form an
electrode pad on this conductor in a subsequent step.
Also, since the treatment which is little more than plating
is performed in this step, a conductor layer 28a is formed
as shown in the figure also in portions other than the via
hole VH on the insulating film 27.
[0043] In the next step (FIG. 2H), the whole surface
is made flat by removing the unnecessary conductor lay-
er 28a formed in portions other than the via hole VH on
the insulating film 27 by means of mechanical polishing,
chemical mechanical polishing (CMP), or the like, until
the top end surface of the conductor 28 buried in the via
hole VH on the insulating film 27 is exposed.
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[0044] In the next step (FIG. 21), on each of the insu-
lating films 27 on both sides is formed an electrode pad
29 of a required shape, so as to be electrically connect-
ed to the conductor 28 buried in the via hole VH.
[0045] The electrode pad 29 can be formed, for ex-
ample, by coating or forming a resist (not shown) on the
whole surface, patterning the resist to a required shape,
and performing a sputtering of Cu, Al, Au, Cr, or the like,
by means of the resist as a mask. Alternatively, any plat-
ing may be performed in place of the sputtering.
[0046] As a result of the above-described steps, each
of the structures 20a, 20b, 20c which constitute the sem-
iconductor device 10 is fabricated. Although in the ex-
ample of FIG. 21, the structure 20a of the lowest stage
is shown, the other structures 20b, 20c can also be sim-
ilarly fabricated by the steps shown in FIG. 2A to FIG.
21. Note, the structures 20b, 20c differ from the structure
20a in that the position where the via hole VH is formed
in the step of FIG. 2D is different from that of the struc-
ture 20a.
[0047] In the next step (FIG. 2J), a metal bump 30a is
bonded to the electrode pad 29 on the lower side of the
structure 20a formed in the preceding step. Although not
shown in the figure, metal bumps 30b, 30c are also sim-
ilarly bonded to the other structures 20b, 20c. In this
case, as described above, it is not always necessary to
provide the metal bump 30a on the structure 20a of the
lowest stage.
[0048] Solder, Au, Ag, In, or the like, is used as the
material for the metal bumps 30a, 30b, 30c. For exam-
ple, where In is used, because of the considerably low
melting point of this metal compared with other metals,
there is a merit in that, in performing bump bonding, it
is possible to suppress a thermal effect on the resin layer
(in this case, the insulative resin layer 26) in the struc-
ture.
[0049] In the final step (FIG. 2K), the structures 20a,
20b, 20c to which the metal bumps 30a, 30b, 30c are
bonded, respectively, are stacked and electrically inter-
connected by thermocompression bonding, or the like,
through the metal bumps 30b, 30c. The metal bump 30a
of the structure 20a of the lowest stage is used as an
external connection terminal.
[0050] Furthermore, an insulative resin as an underfill
is filled into the gap between the stacked structures 20a,
20b, 20c, whereby the semiconductor device 10 (FIG.
1) of this embodiment is obtained.
[0051] As described above, according to the semicon-
ductor device 10 (FIG. 1) of this embodiment and its
manufacturing method (FIG. 2A to FIG. 2K), it is possi-
ble to accomplish a thinning design as the whole semi-
conductor device 10 in a three-dimensionally mounted
configuration to be finally manufactured, because the
silicon substrates 21a, 22a are bonded together by
means of the metal bump 25, while the respective one-
side surfaces on which the device pattern (the conductor
layer 23, 24) is formed face each other; the insulative
resin (buffer layer) 26 is filled into the gap between the

silicon substrates 21a, 22a; and thereafter the thickness
of each of the substrates is reduced by polishing the re-
spective exposed surfaces of the silicon substrates 21a,
22a (the silicon substrates 21, 22).
[0052] Also, since the buffer layer 26 is interposed be-
tween the facing conductor layers 23, 24 of the silicon
substrates 21a, 22a, it is possible to effectively absorb
and buffer mechanical shocks caused by the polishing
of each substrate, with the aid of the buffer layer 26. This
contributes to an improvement in the crack resistance
of the silicon substrates 21, 22. In other words, even if
the silicon substrates are thinned to a level close to the
limit of the state-of-the art, it is possible to eliminate
drawbacks as seen in previously-proposed methods,
such as occurrence of cracks, damage to a substrate,
or the like.
[0053] Furthermore, since the polishing is conducted
on a structure obtained by sticking the two silicon struc-
tures 21a, 22a together symmetrically as if reflected in
a mirror, while the respective one-side surfaces on
which the device pattern (the conductor layer 23, 24) is
formed face each other, it is possible to eliminate draw-
backs as seen in previously-proposed methods, such
as a warping of the silicon substrate caused by a differ-
ence in stress generated between the one surface and
another surface of the substrate.
[0054] Furthermore, since the thickness of each of the
silicon substrates 21, 22 is reduced to approximately 3
µm to 20 µm, it becomes easy to form the via hole VH
in the thinned silicon substrates (FIG. 2C, FIG. 2D).
[0055] In the above-described embodiment, the ex-
planation is made with respect to the case where the
conductor layer CL of Ni/Au/Cu is formed by means of
electroless plating and electrolytic plating in the step of
FIG. 2G. However, the method of forming the conductor
layer CL is not limited to the above case. For example,
a required film may be formed by sputtering, in place of
the electroless plating.
[0056] As a specific example, Cr, for example, is de-
posited by sputtering on the whole surface of each in-
sulating layer 27 including the inner surface of the via
hole VH and the surface of the exposed metal bump 25;
Cu is further deposited on the Cr layer by sputtering, so
as to form a metal thin film of two-layer structure; and a
metal layer of Cu is formed on the entire surface by elec-
trolytic plating, by means of the metal thin film as a pow-
er supply layer, whereby it is possible to form a conduc-
tor layer of Cr/Cu. In this case, as with the Ni layer in
the above-described conductor layer CL, the Cr layer
which is the underlayer portion of the metal thin layer is
formed to increase adhesion to the underlying insulating
film 27.
[0057] Also, in the above-described embodiment, the
explanation is made with respect to the case where the
structures 20a, 20b, 20c are stacked in three stages by
aligning the positions of the metal bumps 25 and the
electrode pads 29 of each structure. However, as a mat-
ter of course, it is not always necessary to align the po-
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sitions of the metal bumps 25 and the positions of the
electrode pads 29 (i.e., the positions of the metal bumps
30a, 30b, 30c), and as a matter of course, the number
of stages to be stacked is not limited to three.
[0058] Also, it is not always necessary to stack such
a structure in multiple stages, and the structure may be
made in a single stage depending on the required con-
ditions. An example of such a single-stage structure is
shown in FIG. 3.
[0059] FIG. 3 schematically shows the sectional
structure of a semiconductor device according to anoth-
er embodiment of the present invention.
[0060] The semiconductor device 40 according to this
embodiment differs from the semiconductor device 10
according to the above-described embodiment (FIG. 1
and FIG. 2A to FIG. 2K) in that the structure (equivalent
to each of the structures 20a, 20b, 20c shown in FIG.
2K) is not stacked in multiple stages, and in that, in pol-
ishing each of the silicon substrates 42a, 42b from both
sides as will be described later, only one silicon sub-
strate is thinned to a prescribed thickness (T1), while
the thickness of the other silicon substrate is not re-
duced so as to have a certain thickness (T2). Since the
other features are basically the same as those of the
structure 20c of the highest stage shown in Fig. 1, the
description thereof is omitted.
[0061] Hereinafter, a method of manufacturing the
semiconductor device 40 according to this embodiment
will be described with reference to FIG. 4A to FIG. 4G
which show the manufacturing steps in sequence.
[0062] First, in the first step (FIG. 4A), in the same
manner as with the treatment performed in the steps of
FIG. 2A and FIG. 2B, two silicon substrates 41a, 42a
are bonded together by means of a metal bump 45,
while respective one-side surfaces on which a conduc-
tor layer 43, 44 (device pattern) is formed face each oth-
er, and an insulative resin 46 as a buffer layer is filled
into a gap between the surfaces.
[0063] In the next step (FIG. 4B), both surfaces of the
structure obtained in the preceding step (i.e., respective
one-side surfaces to which the silicon substrate 41a,
42a is exposed) are polished by means of a back grind-
ing method in such a manner that only one silicon sub-
strate 41a is thinned to a prescribed thickness T1 (ap-
proximately 3 µm to 20 µm) to thereby obtain a silicon
substrate 41, while for the other silicon substrate 42a,
the amount of polishing is relatively reduced to have a
certain thickness T2 (approximately 100 µm to 300 µm)
to thereby obtain a silicon substrate 42. The portions in-
dicated by broken lines in the figure represent portions
removed by the polishing.
[0064] In the next step (FIG. 4C), a via hole VH which
reaches the metal bump 45 is formed in a required place
of one semiconductor substrate 41 thinned in the pre-
ceding step. In the same manner as in the treatment per-
formed in the above-described step of FIG. 2D, the via
hole VH can be formed by drilling, for example, by
means of a laser, or by etching, for example, by means

of a plasma etcher.
[0065] In the next step (FIG. 4D), in the same manner
as in the treatment performed in the above-described
steps of FIG. 2E and FIG. 2F, an insulating film 47 such
as a silicon oxide film is formed by means of a CVD proc-
ess, for example, on the surface of each of the silicon
substrates 41, 42 including the inner surface of the via
hole VH. Furthermore, by means of a laser or a plasma
etcher, for example, at least part of the portion in contact
with the metal bump 45, of the insulating film 47 formed
in the via hole VH, is opened (opening OP). As a result,
part of the metal bump 45 is exposed.
[0066] In the next step (FIG. 4E), in the same manner
as in the treatment performed in the above-described
steps of FIG. 2G and FIG. 2H, a conductor layer is
formed by plating, for example, so as to fill the via hole
VH formed in one silicon substrate 41(part of the insu-
lating film 47 formed therein opens (opening OP)), and
a conductor 48 embedded in the via hole VH is formed
by removing the unnecessary conductor layer formed in
portions other than the via hole VH, by means of me-
chanical polishing, or the like.
[0067] In the next step (FIG. 4F), on the insulating film
47 on one silicon substrate 41 is formed an electrode
pad 49 of a required shape, so as to be electrically con-
nected to the conductor 48 embedded in the via hole
VH. The electrode pad 49 can be formed by sputtering,
plating, or the like, in the same manner as in the treat-
ment performed in the above-described step of FIG. 21.
[0068] In the final step (FIG. 4G), a metal bump 50 as
an external connection terminal is bonded to the elec-
trode pad 49 formed in the preceding step. As a result,
the semiconductor device 40 (FIG. 3) of this embodi-
ment is obtained.
[0069] According to the embodiment shown in FIG. 3
and FIG. 4A to FIG. 4G, as in the case of the above-
described embodiment (FIG. 1 and FIG. 2A to FIG. 2K),
it is possible to accomplish a thinning design as the
whole semiconductor device 40 to be finally manufac-
tured, because the silicon substrates 41a, 42a are bond-
ed together by means of the metal bump 45, while the
respective one-side surfaces on which the device pat-
tern (the conductor layer 43, 44) is formed face each
other; an insulative resin (buffer layer) 46 is filled into
the gap between the silicon substrates 41a, 42a; and
each of the exposed surfaces of the silicon substrates
41a, 42a is thinned (the silicon substrates 41, 42).
[0070] Also, because of the presence of the insulative
layer (the buffer layer) 46, it is possible to effectively ab-
sorb and buffer mechanical shocks caused by the pol-
ishing of each of the substrates 41a, 42a, and hence it
is possible to eliminate drawbacks such as occurrence
of cracks, or the like, in the silicon substrates 41, 42.
Furthermore, since the polishing is conducted on a
structure obtained by sticking the two silicon structures
41a, 42a together symmetrically as if reflected in a mir-
ror, while the respective one-side surfaces on which the
device pattern (the conductor layer 43, 44) is formed
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face each other, it is possible to eliminate drawbacks
such as a warping of the silicon substrate caused by a
difference in stress generated between the two surfac-
es. Similarly, since the thickness of the silicon substrate
41 is reduced to approximately 3 µm to 20 µm, it be-
comes easy to form the via hole VH in the thinned silicon
substrates (FIG. 4B, FIG. 4C).

Claims

1. A method of manufacturing a semiconductor de-
vice, comprising the steps of:

bonding, by means of a metal bump (25), two
semiconductor substrates (21a, 21b), on re-
spective one-side surfaces of which a conduc-
tor layer (23, 24) patterned to a required shape
is formed, while facing said respective one-side
surfaces to each other;
filling, with an insulating resin (26), a gap be-
tween the respective conductor layers (23, 24)
bonded by means of the metal bump;
polishing each of exposed side surfaces of said
semiconductor substrates to thereby thin each
of the semiconductor substrates to a prescribed
thickness (t1, t2);
forming a via hole (VH) which reaches the metal
bump, in a required place of each of said
thinned semiconductor substrates (21, 22);
forming an insulating film (27) on the surface of
each of said semiconductor substrates (21, 22)
including an inner surface of said formed via
hole;
opening (OP) at least part of a portion in contact
with said metal bump, of the insulating film
formed within said via hole;
filling an inside of said via hole with a conductor
(28) and further forming, on said insulating film,
an electrode pad (29) patterned to a required
shape and electrically connected to the con-
ductor; and
stacking a structure (20a, 20b, 20c) obtained
by the above-described steps, by a required
number, by electrically connecting respective
structures with each other through'said elec-
trode pad.

2. A method according to claim 1, further comprising,
after the step of stacking the required number of
structures, the step of bonding a metal bump (30a)
as an external connection terminal to the electrode
pad (29) formed on an exposed side surface of the
lowest-positioned structure (20a).

3. A method according to claim 1 or 2, wherein in the
step of stacking the required number of structures,
respective electrode pads facing each other, of an

upper-positioned structure (20c, 20b) and a lower-
positioned structure (20b, 20a), are bonded by
means of a metal bump (30c, 30b).

4. A method according to any preceding claim, where-
in after the step of stacking the required number of
structures, an insulating resin (31) is filled into gaps
between the stacked structures.

5. A method according to any preceding claim, where-
in conductor layers (23, 24) to be formed on the re-
spective one-side surfaces of said two semiconduc-
tor substrates are patterned so as to mutually ex-
hibit the same shape when arranged to face each
other during bonding.

6. A method according to any preceding claim, where-
in in the step of thinning each of said semiconductor
substrates to a prescribed thickness, the prescribed
thickness is selected in the range of 3 µm to 20 µm.

7. A method of manufacturing a semiconductor de-
vice, comprising the steps of:

bonding, by means of a metal bump (45), two
semiconductor substrates (41a, 41b), on re-
spective one-side surfaces of which a conduc-
tor layer (43, 44) patterned to a required shape
is formed, while facing said respective one-side
surfaces to each other;
filling, with an insulating resin (46), a gap be-
tween the respective conductor layers (43, 44)
bonded by means of the metal bump;
polishing each of exposed side surfaces of said
semiconductor substrates to thereby thin only
one of the semiconductor substrates to a pre-
scribed thickness (Tl) ;
forming a via hole (VH) which reaches the metal
bump, in a required place of said thinned sem-
iconductor substrate (41);
forming an insulating film (47) on the surface of
each of said semiconductor substrates (41, 42)
including an inner surface of said formed via
hole;
opening (OP) at least part of a portion in contact
with said metal bump, of the insulating film
formed within said via hole; and
filling an inside of said via hole with a conductor
(48) and further forming, on the insulating film
on said thinned semiconductor substrate (41),
an electrode pad (49) patterned to a required
shape and electrically connected to the con-
ductor.

8. A method according to claim 7, further comprising,
after the step of forming the electrode pad, the step
of bonding a metal bump (50) as an external con-
nection terminal to the electrode pad (49).
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9. A semiconductor device manufactured by a method
according to any one of claims 1 to 6.

10. A semiconductor device manufactured by a method
according to claim 7 or 8.
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