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(54) SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

(57) In one embodiment, a semiconductor device in-
cludes a first substrate (11), a first insulator (13) provided
on the first substrate, a first pad (17) provided in the first
insulator, a second insulator (21) provided on the first
insulator, and a second pad (22) provided in the second
insulator, disposed on the first pad, and being in contact
with the first pad. The device further includes a third pad
(29) provided in the second insulator, and disposed

above the second pad, a third insulator (31) provided on
the second insulator, and a fourth pad (32) provided in
the third insulator, disposed on the third pad, and being
in contact with the third pad. Furthermore, a shape of the
third (29) or fourth pad (32) is different from a shape of
the first (17) or second pad (22). Also disclosed is a meth-
od of manufacturing said semiconductor device.
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Description

FIELD

[0001] Embodiments described herein relate to a sem-
iconductor device and a method of manufacturing the
same.

BACKGROUND

[0002] In a case where a semiconductor device is man-
ufactured by bonding three or more substrates via inter
layer dielectrics, there is a problem of how to form bond-
ing pads in the inter layer dielectrics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003]

FIG. 1 is a cross-sectional view showing a structure
of a semiconductor device of a first embodiment;
FIGS. 2A and 2B are cross-sectional views showing
structures of memory cell arrays 26 and 36 of the
first embodiment;
FIGS. 3 to 7 are cross-sectional views showing a
method of manufacturing the semiconductor device
of the first embodiment;
FIG. 8 is a cross-sectional view showing a structure
of a semiconductor device of a comparative example
of the first embodiment;
FIG. 9 is a cross-sectional view showing the structure
of the semiconductor device of the first embodiment;
FIGS. 10A to 10D are plan views showing a first ex-
ample of metal pads 17, 22, 29 and 32 of the first
embodiment;
FIGS. 11A to 11D are plan views showing a second
example of the metal pads 17, 22, 29 and 32 of the
first embodiment;
FIGS. 12A to 12D is plan views showing a third ex-
ample of the metal pads 17, 22, 29 and 32 of the first
embodiment;
FIGS. 13A and 13B are cross-sectional views show-
ing a fourth example of the metal pads 17, 22, 29
and 32 of the first embodiment;
FIGS. 14A to 15B are cross-sectional views for ex-
plaining advantages of the semiconductor device of
the first embodiment;
FIG. 16 is a cross-sectional view showing a structure
of a semiconductor device of a second embodiment;
FIGS. 17A and 17B are cross-sectional views for
comparing the semiconductor device of the second
embodiment and a semiconductor device of a com-
parative example thereof;
FIG. 18 is a cross-sectional view showing a structure
of a semiconductor device of a first modification of
the second embodiment;
FIGS. 19A to 19C are cross-sectional views showing
structures of semiconductor devices of second to

fourth modifications of the second embodiment;
FIGS. 20A to 20D are cross-sectional views showing
a method of manufacturing a semiconductor device
of a third embodiment; and
FIGS. 21A to 21D are cross-sectional views showing
a method of manufacturing a semiconductor device
of a modification of the third embodiment.

DETAILED DESCRIPTION

[0004] Embodiments will now be explained with refer-
ence to the accompanying drawings. In FIGS. 1 to 21D,
the same configurations are designated by the same ref-
erence numerals and characters, and duplicate descrip-
tion is to be omitted.
[0005] In one embodiment, a semiconductor device in-
cludes a first substrate, a first insulator provided on the
first substrate, a first pad provided in the first insulator, a
second insulator provided on the first insulator, and a
second pad provided in the second insulator, disposed
on the first pad, and being in contact with the first pad.
The device further includes a third pad provided in the
second insulator, and disposed above the second pad,
a third insulator provided on the second insulator, and a
fourth pad provided in the third insulator, disposed on the
third pad, and being in contact with the third pad. Fur-
thermore, a shape of the third or fourth pad is different
from a shape of the first or second pad.

(First Embodiment)

[0006] FIG. 1 is a cross-sectional view showing a struc-
ture of a semiconductor device of a first embodiment.
[0007] The semiconductor device in FIG. 1 is, for ex-
ample, a three-dimensional memory in which a circuit
chip 1, an array chip 2, and an array chip 3 are bonded
together. FIG. 1 shows a bonding face S1 between a
circuit chip 1 and an array chip 2 and a bonding face S2
between an array chip 2 and an array chip 3.
[0008] The circuit chip 1 includes a substrate 11, a plu-
rality of transistors 12, an inter layer dielectric 13, a plu-
rality of contact plugs 14, a plurality of interconnects 15,
a plurality of via plugs 16, and a plurality of metal pads
17. Each transistor 12 includes a gate insulator 12a, a
gate electrode 12b, a diffusion layer 12c, and a diffusion
layer 12d. The substrate 11 is an example of a first sub-
strate, and the inter layer dielectric 13 is an example of
a first insulator. The metal pad 17 is an example of a first
pad and an example of a first metal layer.
[0009] The array chip 2 includes an inter layer dielectric
21, a plurality of metal pads 22, a plurality of via plugs
23, a plurality of interconnects 24, a plurality of via plugs
25, a plurality of memory cell arrays 26, a plurality of
interconnects 27, a plurality of via plugs 28, and a plurality
of metal pads 29. The inter layer dielectric 21 is an ex-
ample of a second insulator, and the metal pad 22 is an
example of a second pad and an example of a second
metal layer. The memory cell array 26 is an example of
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a first memory cell array, and the metal pad 29 is an
example of a third pad and an example of a third metal
layer.
[0010] The array chip 3 includes an inter layer dielectric
31, a plurality of metal pads 32, a plurality of via plugs
33, a plurality of interconnects 34, a plurality of via plugs
35, a plurality of memory cell arrays 36, a plurality of
interconnects 37, a plurality of via plugs 38, and a pas-
sivation film 39. The inter layer dielectric 31 is an example
of a third insulator, and the metal pad 32 is an example
of a fourth pad and an example of a fourth metal layer.
The memory cell array 36 is an example of a second
memory cell array.
[0011] The substrate 11 is, for example, a semicon-
ductor substrate such as a Si (silicon) substrate. FIG. 1
shows X and Y directions perpendicular to each other
and parallel to the surface of the substrate 11, and a Z
direction perpendicular to the surface of the substrate
11. In the present specification, the +Z direction is defined
as an upward direction, and the -Z direction is defined
as a downward direction. The -Z direction may be the
same as or may be different from the gravity direction.
[0012] Each transistor 12 includes a gate insulator 12a
and a gate electrode 12b provided on the substrate 11
in order, and diffusion layers 12c and 12d provided in the
substrate 11. The gate electrode 12b of each transistor
12 is formed in the inter layer dielectric 13. The diffusion
layers 12c and 12d of each transistor 12 function as a
source diffusion layer and a drain diffusion layer. Each
transistor 12 forms, for example, a logic circuit that con-
trols the operation of the memory cell arrays 26 and 36.
[0013] The inter layer dielectric 13 is formed on the
substrate 11. The inter layer dielectric 13 is a stacked
insulator including, for example, a silicon oxide film (SiO2
film) and other insulating films.
[0014] The contact plugs 14, the interconnects 15, the
via plugs 16, and the metal pads 17 are formed in the
inter layer dielectric 13, and are disposed in order on the
gate electrode 12b, the diffusion layer 12c, or the diffusion
layer 12d. The plurality of contact plugs 14 shown in FIG.
1 may further include contact plugs 14 formed on portions
other than the diffusion layers 12c and 12d in the sub-
strate 11. The plurality of interconnects 15 shown in FIG.
1 are provided in the same interconnect layer. Each metal
pad 17 includes, for example, a copper (Cu) layer.
[0015] The inter layer dielectric 21 is formed on the
inter layer dielectric 13. The inter layer dielectric 21 is a
stacked insulator including, for example, an SiO2 film and
other insulators.
[0016] The metal pads 22, the via plugs 23, the inter-
connects 24 and the via plugs 25 are formed in the inter
layer dielectric 21 and disposed on the metal pads 17 in
order. Each metal pad 22 is in contact with the corre-
sponding metal pad 17 and electrically connected with
the corresponding metal pad 17. Each metal pad 22 in-
cludes, for example, a Cu layer. The plurality of intercon-
nects 24 shown in FIG. 1 are provided in the same inter-
connect layer.

[0017] The memory cell arrays 26 are formed in the
inter layer dielectric 21 and disposed on the via plugs 25.
The operation of the memory cell arrays 26 is controlled
by the above logic circuits via the metal pads 17 and 22.
Each memory cell array 26 includes a plurality of memory
cells in which data can be stored. Further details of the
structure of each memory cell array 26 are to be de-
scribed below.
[0018] The interconnects 27, the via plugs 28, and the
metal pads 29 are formed in the inter layer dielectric 21
and disposed on the memory cell array 26 in order. The
plurality of interconnects 27 shown in FIG. 1 are provided
in the same interconnect layer. These interconnects 27
function as source lines for the memory cell arrays 26,
for example. These interconnects 27 may further include
interconnects 27 other than the source lines, and the in-
terconnects 27 other than the source lines may be dis-
posed at positions other than positions on the memory
cell arrays 26. Each metal pad 29 includes, for example,
a Cu layer.
[0019] The inter layer dielectric 31 is formed on the
inter layer dielectric 21. The inter layer dielectric 31 is a
stacked insulator including, for example, an SiO2 film and
other insulators.
[0020] The metal pads 32, the via plugs 33, the inter-
connects 34 and the via plugs 35 are formed in the inter
layer dielectric 31 and disposed on the metal pads 29 in
order. Each metal pad 32 is in contact with the corre-
sponding metal pad 29 and electrically connected with
the corresponding metal pad 29. Each metal pad 32 in-
cludes, for example, a Cu layer. The plurality of intercon-
nects 34 shown in FIG. 1 are provided in the same inter-
connect layer.
[0021] The memory cell arrays 36 are formed in the
inter layer dielectric 31 and disposed on the via plugs 35.
The operation of the memory cell array 36 is controlled
by the above logic circuits via metal pads 17, 22, 29 and
32. Each memory cell array 36 includes a plurality of
memory cells in which data can be stored. Further details
of the structure of each memory cell array 36 are to be
described below.
[0022] The interconnects 37 and via plugs 38 are
formed in the inter layer dielectric 31 and disposed on
the memory cell arrays 36 in order. The plurality of inter-
connects 37 shown in FIG. 1 are provided in the same
interconnect layer. These interconnects 37 function as
source lines for the memory cell arrays 36, for example.
These interconnects 37 may further include intercon-
nects 37 other than the source lines, and the intercon-
nects 37 other than the source lines may be formed at
positions other than positions on the memory cell arrays
36.
[0023] The passivation film 39 is formed on the inter
layer dielectric 31. The passivation film 39 is, for example,
a stacked insulator including an SiO2 film and a silicon
nitride film (SiN film).
[0024] As described above, the semiconductor device
of the present embodiment includes the metal pads 17,
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22, 29 and 32, and the metal pads 29 and 32 are disposed
above the metal pads 17 and 22. Specifically, the metal
pads 17 and 22 are disposed on bonding face S1 and
electrically connect the circuit chip 1 and the array chip
2. The metal pads 29 and 32 are disposed on bonding
face S2 and electrically connect the array chip 2 and the
array chip 3. Each metal pad 22 is disposed on the cor-
responding metal pad 17 and each metal pad 32 is dis-
posed on the corresponding metal pad 29. In the present
embodiment, shapes of the metal pads 29 and 32 are
different from shapes of the metal pads 17 and 22, as
described below. Further details of shapes of the metal
pads 17, 22, 29 and 32 are described below.
[0025] FIGS. 2A and 2B are cross-sectional views
showing structures of the memory cell arrays 26 and 36
of the first embodiment.
[0026] Each memory cell array 26 of the present em-
bodiment has a structure shown in FIG. 2A. The memory
cell array 26 shown in FIG. 2A includes a plurality of elec-
trode layers 41, a plurality of insulators 42, and a plurality
of columnar portions 43. FIG. 2A illustrates one of the
plurality of columnar portions 43.
[0027] The plurality of electrode layers 41 and the plu-
rality of insulators 42 are alternately stacked in the Z di-
rection. Each electrode layer 41 includes, for example,
a tungsten (W) layer and functions as a word line. Each
insulator 42 is, for example, an SiO2 film.
[0028] Each columnar portion 43 includes a block in-
sulator 43a, a charge storage layer 43b, a tunnel insulator
43c, a channel semiconductor layer 43d, and a core in-
sulator 43e in order, which are sequentially formed on
the side faces of the electrode layer 41 and the insulator
42. The block insulator 43a is, for example, an SiO2 film.
The charge storage layer 43b is, for example, an insulator
such as a SiN film. The charge storage layer 43b may
be a semiconductor layer such as a polysilicon layer. The
tunnel insulator 43c is, for example, an SiO2 film. The
channel semiconductor layer 43d is, for example, a poly-
silicon layer. The core insulator 43e is, for example, an
SiO2 film.
[0029] Each memory cell array 36 of the present em-
bodiment has a structure shown in FIG. 2B. The memory
cell array 36 shown in FIG. 2B includes a plurality of elec-
trode layers 51, a plurality of insulators 52, and a plurality
of columnar portions 53. FIG. 2B illustrates one of the
plurality of columnar portions 53.
[0030] The plurality of electrode layers 51 and the plu-
rality of insulators 52 are alternately stacked in the Z di-
rection. Each electrode layer 51 includes, for example,
a W layer and functions as a word line. Each insulator
52 is, for example, an SiO2 film.
[0031] Each columnar portion 53 includes a block in-
sulator 53a, a charge storage layer 53b, a tunnel insulator
53c, a channel semiconductor layer 53d, and a core in-
sulator 53e in order, which are sequentially formed on
the side faces of the electrode layers 51 and the insula-
tors 52. The block insulator 53a is, for example, an SiO2
film. The charge storage layer 53b is, for example, an

insulator such as a SiN film. The charge storage layer
53b may be a semiconductor layer such as a polysilicon
layer. The tunnel insulator 53c is, for example, an SiO2
film. The channel semiconductor layer 53d is, for exam-
ple, a polysilicon layer. The core insulator 53e is, for ex-
ample, an SiO2 film.
[0032] FIGS. 3 to 7 are cross-sectional views showing
a method of manufacturing the semiconductor device of
the first embodiment.
[0033] FIG. 3 shows a circuit wafer W1 including a plu-
rality of circuit chips 1, an array wafer W2 including a
plurality of array chips 2, and an array wafer W3 including
a plurality of array chips 3. The circuit wafer W1 is also
called a CMOS wafer, and the array wafers W2 and W3
are also called memory wafers.
[0034] The orientation of array wafers W2 and W3
shown in FIG. 3 is opposite to the orientation of array
chips 2 and 3 shown in FIG. 1. In the present embodiment,
the circuit wafer W1, the array wafer W2, and the array
wafer W3 are bonded together to manufacture a semi-
conductor device. FIG. 3 shows the array wafers W2 and
W3 before being inverted for bonding, and FIG. 1 shows
the array chips 2, 3 after they are inverted for bonding,
bonded and diced.
[0035] In FIG. 3, the array wafer W2 includes a sub-
strate 61 provided under the inter layer dielectric 21, and
the array wafer W3 includes a substrate 62 provided un-
der the inter layer dielectric 31. The substrates 61 and
62 are, for example, semiconductor substrates such as
Si substrates. The substrate 61 is an example of a second
substrate, and the substrate 62 is an example of a third
substrate.
[0036] The semiconductor device of the present em-
bodiment is manufactured, for example, as follows.
[0037] First, transistors 12, inter layer dielectrics 13,
contact plugs 14, interconnects 15, via plugs 16, and met-
al pads 17 are formed on a substrate 11 of a circuit wafer
W1 (FIG. 3). Also, an inter layer dielectric 21, metal pads
22, via plugs 23, interconnects 24, via plugs 25, memory
cell arrays 26, and interconnects 27 are formed on a sub-
strate 61 of an array wafer W2 (FIG. 3). Further, an in-
sulator 31a, metal pads 32, via plugs 33, interconnects
34, via plugs 35, memory cell arrays 36, and intercon-
nects 37 are formed on a substrate 62 of an array wafer
W2 (FIG. 3). The insulator 31a is part of the inter layer
dielectric 31. In the process shown in FIG. 3, the process
for the circuit wafer W1, the process for the array wafer
W2, and the process for the array wafer W3 may be per-
formed in any order.
[0038] Next, as shown in FIG. 4, the circuit wafer W1
and the array wafer W2 are bonded together by mechan-
ical pressure. As a result, the inter layer dielectric 13 and
the inter layer dielectric 21 are adhered together. Next,
the circuit wafer W1 and the array wafer W2 are annealed
at 400°C (FIG. 4). Thereby, the metal pads 17 and 22
are heated to be joined together. Further details of this
annealing is described below in a third embodiment. In
this manner, the substrates 11 and 61 are bonded to-
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gether with the inter layer dielectric 13 and the inter layer
dielectric 21 interposed therebetween. The lower face of
inter layer dielectric 21 is bonded to the upper face of
inter layer dielectric 13.
[0039] Next, the substrate 61 is removed, and via plugs
28 and metal pads 29 are sequentially formed on the
interconnects 27 in the inter layer dielectric 21 (FIG. 5).
The substrate 61 is removed by, for example, chemical
mechanical polishing (CMP).
[0040] Next, as shown in FIG. 6, the array wafer W2
and the array wafer W3 are bonded together by mechan-
ical pressure. Thereby, the inter layer dielectric 21 and
the insulator 31a (inter layer dielectric 31) are adhered.
Next, the circuit wafer W1, the array wafer W2, and the
array wafer W3 are annealed at 400°C. (FIG. 6). Thereby,
the metal pads 17, 22, 29 and 32 are heated, so that the
metal pads 29 and 32 are joined. The annealing may be
performed such that the metal pads 29 and 32 are heated
and the metal pads 17 and 22 are not heated. Further
details of this annealing is described below in a third em-
bodiment. In this manner, the substrates 11 and 62 are
bonded together via the inter layer dielectric 13, the inter
layer dielectric 21, and the insulator 31a. The lower face
of the insulator 31a is bonded to the upper face of the
inter layer dielectric 21.
[0041] Next, the substrate 62 is removed, via plugs 38
are formed on the interconnects 37 in the insulator 31a,
and insulators 31b are formed on the insulator 31a and
the via plugs 38 (FIG. 7). The insulator 31b is part of inter
layer dielectric 31. The substrate 62 is removed by CMP,
for example.
[0042] After that, a passivation film 39 (see FIG. 1) is
formed on the insulator 31b, and the circuit wafer W1,
the array wafer W2, and the array wafer W3 are cut into
a plurality of chips. In this way, the semiconductor device
of FIG. 1 is manufactured. The substrate 11 may be
thinned by CMP before cutting.
[0043] The semiconductor device of the present em-
bodiment is manufactured in such a way that the circuit
wafer W1 is bonded to the array wafer W2, and then the
array wafer W2 is bonded to the array wafer W3. How-
ever, the semiconductor device may be manufactured in
such a way that the array wafer W2 is bonded to the array
wafer W3, and then the circuit wafer W1 is bonded to the
array wafer W2. Also, the semiconductor device of the
present embodiment may be manufactured with three or
more array wafers bonded together. What are described
above with reference to FIGS. 1 to 7 and what are de-
scribed below with reference to FIGS. 8 to 21D are also
applicable to bonding as described in this paragraph.
[0044] While FIG. 1 shows the interface between the
inter layer dielectric 13 and the inter layer dielectric 21
and the interfaces between the metal pads 17 and the
metal pads 22, it is common that these interfaces are not
observed after the annealing of FIG. 4. However, the lo-
cations where these interfaces have been can be esti-
mated, for example, by detecting the inclination of the
side faces of the metal pads 17 or the side faces of the

metal pads 22, or detecting the positional deviation be-
tween the side faces of the metal pads 17 and the metal
pads 22. The same applies to the interface between the
inter layer dielectric 21 and the inter layer dielectric 31,
the interfaces between the metal pads 29 and the metal
pads 32, and the annealing shown in FIG. 6.
[0045] Further, the semiconductor device of the
present embodiment may be traded in the state shown
in FIG. 1 after being cut into a plurality of chips, or may
be traded in the state of FIG. 7 before being cut into a
plurality of chips. FIG. 1 shows a semiconductor device
in a chip state, and FIG. 7 shows a semiconductor device
in a wafer state. In the present embodiment, a plurality
of chip-state semiconductor devices (FIG. 1) are manu-
factured from one wafer-state semiconductor device
(FIG. 7).
[0046] Next, with reference to FIGS. 8 and 9, the sem-
iconductor device of the present embodiment is com-
pared with a semiconductor device of comparative ex-
amples.
[0047] FIG. 8 is a cross-sectional view showing a struc-
ture of a semiconductor device of a comparative example
of the first embodiment.
[0048] As in FIG. 1, FIG. 8 shows metal pads 17 in the
circuit chip 1, metal pads 22 and 29 in the array chip 2,
metal pads 32 in the array chip 3, and the like. FIG. 8
further shows insulators 71, 72, and 73 included in the
inter layer dielectrics 13, 21, and 31. The insulators 71
are, for example, SiO2 films. The insulators 72 are, for
example, SiN films. The insulators 73 are, for example,
SiN films. The insulators 72 are used as etch stoppers
in forming via holes for embedding the via plugs 16, 23,
28, and 33. The insulators 73 are used as etch stoppers
in forming openings for embedding the metal pads 17,
22, 29 and 32.
[0049] In the comparative example, the metal pads 17,
22, 29 and 32 have the same shape. Therefore, in the
comparative example, the metal pads 17, 22, 29 and 32
have the same shape in plan view, and the metal pads
17, 22, 29 and 32 have the same thickness. The shape
of these metal pads 17, 22, 29 and 32 in plan view is, for
example, square, rectangle or circle. The thickness of
these metal pads 17, 22, 29 and 32 is the length of the
metal pads 17, 22, 29, 32 in the Z direction. In the com-
parative example, the metal pads 22 and 32 have shapes
formed by rotating the shapes of the metal pads 17 and
29 by 180 degrees.
[0050] FIG. 9 is a cross-sectional view showing the
structure of the semiconductor device of the first embod-
iment.
[0051] FIG. 9 shows insulators 74 included in the inter
layer dielectrics 13 and 21 in addition to the components
shown in FIG. 8. The insulators 74 are, for example, sil-
icon carbonitride films (SiCN films). In the present em-
bodiment, the upper face of the inter layer dielectric 13
and the lower face of the inter layer dielectric 21 are
formed of the insulators 74, and the upper face of the
inter layer dielectric 21 and the lower face of the inter
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layer dielectric 31 are formed of the insulators 71. There-
fore, the bonding face S1 of the present embodiment is
formed of the insulators 74, and the bonding face S2 of
the present embodiment is formed of the insulators 71.
One of the insulators 71 and 74 are examples of first
insulating materials, and the other of the insulators 71
and 74 are examples of second insulating materia ls.
[0052] In the present embodiment, metal pads 17 have
the same shape as metal pads 22 and the metal pads
29 have the same shape as metal pads 32, whereas the
metal pads 17 and 22 have a different shape from the
metal pads 29 and 32. Therefore, in the present embod-
iment, the shape of the metal pads 17 and 22 differs from
the shape of the metal pads 29 and 32 in plan view, and/or
the thickness of the metal pads 17 and 22 differs from
the thickness of the metal pads 29 and 32. In FIG. 9, the
shape of the metal pads 17 and 22 differs from the shape
of the metal pads 29 and 32 in plan view, and the thick-
ness of the metal pads 17 and 22 is same as the thickness
of the metal pads 29 and 32. In the present embodiment,
the metal pads 22 has a shape formed by rotating the
shape of the metal pad 17 by 180 degrees in the Z direc-
tion, and the metal pad 32 has a shape formed by rotating
the shape of the metal pad 29 by 180 degrees in the Z
direction.
[0053] The interconnects 27 shown in FIG. 1 extend in
the X direction, whereas the interconnects 27 shown in
FIGS. 8 and 9 extend in the Y direction. Like this, the
interconnects 27 of the present embodiment may extend
in any direction. The same applies to the other intercon-
nects 15, 24, 34 and 37 of the present embodiment.
[0054] The following describes advantage of having
different shapes between: the metal pads 17 and 22; and
the metal pads 29 and 32, of the present embodiment.
[0055] In FIG. 9, the areas of the metal pads 17 and
22 in plan view are set small, and the areas of the metal
pads 29 and 32 in plan view are set large. Setting small
areas of the metal pads 17 and 22 allows shortening the
pitch between the adjacent metal pads 17 and the pitch
between the adjacent metal pads 22. This makes it pos-
sible to improve integration degree of the metal pads 17
and 22. In contrast, setting the small areas of the metal
pads 17 and 22 involves difficulty in appropriately bond-
ing the metal pads 17 and 22 together. For example, if
at least one of the circuit wafer W1 and the array wafer
W2 has a large warpage, misalignment is likely to occur
between the metal pads 17 and the metal pads 22. Set-
ting the small areas of the metal pads 17 and 22 are likely
to cause the metal pads 17 and 22 to have high resistance
or disconnection even if such misalignment is small.
[0056] The process, in which the circuit wafer W1 and
the array wafer W2 are bonded together and then the
array wafer W2 and the array wafer W3 are bonded to-
gether, is highly likely to cause significant wafer warpage
when the array wafer W2 and the array wafer W3 are
bonded together. Therefore, if the areas of the metal pads
29 and 32 are also set small, the metal pads 29 and 32
are highly likely to have high resistance or disconnection.

Contrarily, even if the areas of the metal pads 17 and 22
are set small, the metal pads 29 and 32 are not likely to
have high resistance or disconnection. Therefore, in the
present embodiment, the areas of the metal pads 17 and
22 are set small, and the areas of the metal pads 29 and
32 are set large. This makes it possible to improve the
integration degree of these pads while preventing high
resistance and disconnection of these pads.
[0057] In FIG. 9, the bonding face S1 is formed of SiCN
films (insulators 74), and the bonding face S2 is formed
of SiO2 films (insulators 71). The SiCN films prevent dif-
fusion of Cu atoms more easily than the SiO2 films. In
FIG. 9, a short pitch between the adjacent metal pads 17
and a short pitch between the adjacent metal pads 22
increases the density of the metal pads 17 and 22 occu-
pying the bonding face S1. This increase in density may
diffuse a large amount of Cu atoms from the metal pads
17 and 22. The present embodiment makes it possible
to form the bonding face S1 with SiCN films to effectively
prevent diffusion of Cu atoms from the metal pads 17
and 22 even in a case of increase in the density of the
metal pads 17 and 22 occupying the bonding face S1.
[0058] The metal pads 17 and 22 and the metal pads
29 and 32 of the present embodiment may have different
shapes for another reason. The process, in which the
array wafer W2 and the array wafer W3 are bonded to-
gether and then the circuit wafer W1 and the array wafer
W2 are bonded together, is highly likely to cause signif-
icant wafer warpage when the circuit wafer W1 and the
array wafer W2 are bonded together. In this case, the
areas of the metal pads 17 and 22 may be set large and
the areas of the metal pads 29 and 32 may be set small.
[0059] Furthermore, the metal pads 22 of the present
embodiment have the same shape as the metal pads 17,
but may have a different shape from the metal pads 17.
Similarly, the metal pads 32 of the present embodiment
have the same shape as the metal pads 29, but may
have a different shape from the metal pads 29. Further-
more, the plurality of metal pads 17 shown in FIG. 9 may
include metal pads 17 having two or more shapes. The
same applies to the metal pads 22, 29, and 32.
[0060] Next, various examples of the metal pads 17,
22, 29 and 32 of the present embodiment are described
with reference to FIGS. 10A to 13B.
[0061] FIGS. 10A to 10D are plan views showing a first
example of the metal pads 17, 22, 29 and 32 of the first
embodiment.
[0062] FIGS. 10A, 10B, 10C, and 10D respectively
show the shapes of the metal pads 17, 22, 29 and 32 in
plan view. The metal pads 17 and 22 each have a square
shape having four sides of length L1, in plan view. The
metal pads 29 and 32 each have a square shape having
four sides of length L2 (L1 < L2) in plan view. Therefore,
the metal pads 17 and 22 each have a different shape
from the metal pads 29 and 32. The thickness of the metal
pads 17 and 22 in this example may be the same as the
thickness of the metal pads 29 and 32 or may be different
from the thickness of the metal pads 29 and 32.
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[0063] FIGS. 11A to 11D are plan views showing a
second example of the metal pads 17, 22, 29 and 32 of
the first embodiment.
[0064] FIGS. 11A, 11B, 11C, and 11D respectively
show the shapes of the metal pads 17, 22, 29 and 32 in
plan view. The metal pads 17 and 22 each have a rec-
tangle shape having two sides of length L3 and two sides
of length L4 (L3<L4) in plan view. In contrast, the metal
pads 29 and 32 each have a square shape having four
sides of length L2 in plan view. Therefore, the metal pads
17 and 22 each have a different shape from the metal
pads 29 and 32. The thickness of the metal pads 17 and
22 in this example may be the same as the thickness of
the metal pads 29 and 32 or may be different from the
thickness of the metal pads 29 and 32. In this example,
the area L3xL4 of the metal pads 17 and 22 is set smaller
than the area L2xL2 of the metal pads 29 and 32
(L3xL4<L2xL2).
[0065] FIGS. 12A to 12D are plan views showing a
third example of the metal pads 17, 22, 29 and 32 of the
first embodiment.
[0066] FIGS. 12A, 12B, 12C, and 12D respectively
show the shapes of the metal pads 17, 22, 29 and 32 in
plan view. The metal pads 17 and 22 each have a circle
shape having a diameter D1 in plan view. In contrast, the
metal pads 29 and 32 each have a circle shape having
a diameter D2 (D1<D2) in plan view. Therefore, the metal
pads 17 and 22 each have a different shape from the
metal pads 29 and 32. The thickness of the metal pads
17 and 22 in this example may be the same as the thick-
ness of the metal pads 29 and 32 or may be different
from the thickness of the metal pads 29 and 32.
[0067] The first and third examples each have an ad-
vantage that can shorten both the pitch between metal
pads 17 (or 22) in the X direction and the pitch between
metal pads 17 (or 22) in the Y direction, for example. The
metal pads 17, 22, 29 and 32 may have shapes other
than those described in the first, second, and third ex-
amples in plan view.
[0068] FIGS. 13A and 13B are cross-sectional views
showing a fourth example of the metal pads 17, 22, 29
and 32 of the first embodiment.
[0069] FIG. 13A shows a vertical section of metal pads
17 and 22, and FIG. 13B shows a vertical section of metal
pads 29 and 32. The metal pads 17 and 22 each have a
thickness T1 and metal pads 29 and 32 each have a
thickness T2 (T1<T2). Therefore, the metal pads 17 and
22 each have a different shape from the metal pads 29
and 32. The shape of the metal pads 17 and 22 in this
example may be the same as the shape of the metal
pads 29 and 32 or may be different from the shape of the
metal pads 29 and 32 in plan view.
[0070] Generally, as a metal pad becomes thicker, Cu
atoms diffuse more in the amount from the metal pad.
Therefore, for the fourth example, the bonding face S1
may be formed of the SiO2 film, and the bonding face S2
may be formed of the SiCN film. This makes it possible
to effectively prevent diffusion of Cu atoms from the metal

pads 29 and 32 even if the metal pads 29 and 32 are thick.
[0071] FIGS. 14A to 15B are cross-sectional views for
explaining advantages of the semiconductor device of
the first embodiment.
[0072] FIGS. 14A and 14B show metal pads 17 in the
circuit chip 1, metal pads 22 and 29 in the array chip 2,
metal pads 32 in the array chip 3, and the like. FIGS. 14A
and 14B further show the pitch P1 between adjacent met-
al pads 17 (or 22) and the pitch P2 between adjacent
metal pads 29 (or 32). The present embodiment makes
it possible to reduce the areas of the metal pads 17 and
22 in plan view to shorten the pitch P1 as described
above. This makes it possible to improve the integration
degree of the metal pads 17 and 22.
[0073] FIGS. 15A and 15B show the width X of mis-
alignment between the metal pads 17 and 22 and be-
tween the metal pads 29 and 32. The large areas of the
metal pads 29 and 32 are not likely to cause the metal
pads 29 and 32 to have high resistance or disconnection
due to misalignment. In contrast, the small areas of the
metal pads 17 and 22 are likely to cause the metal pads
17 and 22 to have high resistance or disconnection due
to misalignment. The misalignment shown in FIG. 15A
has the same width X as the misalignment shown in FIG.
15B. However, the misalignment is likely to work more
disadvantageously for the metal pads 17 and 22 shown
in FIG. 15B than for the metal pads 29 and 32 shown in
FIG. 15A.
[0074] However, in a case where the circuit wafer W1
and the array wafer W2 are bonded together and then
the array wafer W2 and the array wafer W3 are bonded
together, the warpage of the wafer is not likely to be large
when the circuit wafer W1 and the array wafer W2 are
bonded together. This allows the circuit wafer W1 and
the array wafer W2 to be bonded together so as to prevent
misalignment. Therefore, in the present embodiment, the
areas of the metal pads 17 and 22 are set small, and the
areas of the metal pads 29 and 32 are set large. This
makes it possible to improve the integration degree of
these pads while preventing high resistance and discon-
nection of these pads.
[0075] As described above, the shape of the metal
pads 29 and 32 of the present embodiment is different
from the shape of the metal pads 17 and 22 thereof.
Therefore, the present embodiment makes it possible to
form these metal pads 17, 22, 29 and 32 in a preferable
manner as described above.

(Second Embodiment)

[0076] FIG. 16 is a cross-sectional view showing a
structure of a semiconductor device of a second embod-
iment.
[0077] The semiconductor device of the present em-
bodiment (FIG. 16) has similar components to the sem-
iconductor device of the first embodiment. However, the
array chip 2 of the present embodiment does not include
any metal pad 29, but includes a via plug 28 near the
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bonding face S2. Therefore, the metal pad 32 of the
present embodiment is joined to the via plug 28 instead
of the metal pad 29, as shown in FIG. 16. The via plug
28 and the metal pad 32 in FIG. 16 are, for example, a
W layer and a Cu layer, respectively. The via plug 28 and
the metal pad 32 of FIG. 16 are respectively examples
of a third metal layer and a fourth metal layer. The sem-
iconductor device of the present embodiment can be
manufactured, for example, by omitting the process of
forming the metal pad 29 through the method shown in
FIGS. 3 to 7.
[0078] FIG. 16 shows a width W1 of the upper face of
the interconnect 27, a width W2 of the lower face of the
via plug 28, a width W3 of the upper face of the metal
pad 32, a width W4 of the lower face of the via plug 33,
a width W5 of the upper face of the via plug 33, and a
width W6 of the interconnect 34. The widths W2, W4 and
W5 correspond to the plug diameters of the via plugs 28
and 33 on the upper face or the lower face. The intercon-
nects 27 and 34 shown in FIG. 16 extend in the Y direc-
tion, and the widths W1 and W6, which are the lengths
in the X direction, correspond to the interconnect widths
of the interconnects 27 and 34 on the upper face or the
lower face.
[0079] In the present embodiment, since the via plug
28 is disposed on the interconnect 27, the width W2 of
the via plug 28 is shorter than the width W1 of the inter-
connect 27 (W2<W1). Also, since the metal pad 32 is
disposed under the via plug 33, the width W3 of the metal
pad 32 is longer than the width W4 of the via plug 33
(W3>W4). Also, since the via plug 33 is disposed under
the interconnect 34, the width W5 of the via plug 33 is
shorter than the width W6 of the interconnect 34
(W5<W6).
[0080] The structure of the via plug 28 of the present
embodiment may be applied to the via plug 33 instead
of the via plug 28. In this case, array chip 3 does not
include any metal pad 32 and the metal pad 29 are joined
to the via plug 33 instead of metal pad 32. Similarly, the
structure of via plug 28 of the present embodiment may
be applied to either via plug 16 or 23.
[0081] FIGS. 17A and 17B are a cross-sectional view
for comparing the semiconductor device of the second
embodiment and a semiconductor device of a compara-
tive example thereof.
[0082] FIG. 17A shows the semiconductor device of
the comparative example. In FIG. 17A, the metal pads
32 are joined to the metal pads 29. In FIG. 17A, the metal
pads 29 and 32 are misaligned.
[0083] FIG. 17B shows the semiconductor device of
the present embodiment. In FIG. 17B, the metal pads 32
are joined to the via plugs 28. In FIG. 17B, the via plugs
28 and the metal pads 32 are misaligned.
[0084] An arrow A1 shown in FIG. 17A indicates a gap
between a metal pad 29 and a metal pad 32 of the com-
parative example. Both the size of the metal pad 29 and
the size of the metal pad 32 are large, resulting in a very
short gap between the metal pads 29 and 32 due to the

misalignment. This may deteriorate the breakdown volt-
age of the semiconductor device due to, for example, a
short circuit between the metal pads 29 and 32.
[0085] An arrow A2 shown in FIG. 17B indicates a gap
between a via plug 28 and a metal pad 32 of the present
embodiment. The size of the via plug 28 is small, reliably
providing a long gap between the via plug 28 and the
metal pad 32 even if they are misaligned. Therefore, the
present embodiment makes it possible to prevent the de-
terioration of the breakdown voltage of the semiconduc-
tor device, such as by preventing a short circuit between
the via plug 28 and the metal pad 32.
[0086] FIGS. 18 to 19C are cross-sectional views
showing structures of semiconductor devices of first to
fourth modifications of the second embodiment.
[0087] The semiconductor device of the first modifica-
tion (FIG. 18) has similar components to the semicon-
ductor device of the first embodiment. However, the array
chips 2 and 3 of the present modification do not include
the metal pads 29 and 32, and have the via plugs 28 and
33 near the bonding face S2. Therefore, the via plug 33
of the present embodiment is joined to the via plug 28 as
shown in FIG. 18. The via plugs 28 and 33 in FIG. 18 are
W layers, for example. The via plugs 28 and 33 of FIG.
18 are examples of third and fourth metal layers, respec-
tively. The semiconductor device of the present modifi-
cation can be manufactured, for example, by omitting the
processes of forming the metal pads 29 and 32 through
the method shown in FIGS. 3 to 7. The present modifi-
cation makes it possible to prevent the deterioration of
the breakdown voltage of the semiconductor device,
such as by preventing a short circuit between the via
plugs 28 and 33 as in the second embodiment.
[0088] The semiconductor device of the second mod-
ification (FIG. 19A) includes a plurality of metal pads
(dummy pads) 32’ in addition to the components shown
in FIG. 16. These metal pads 32’ are formed of the same
material as the metal pads 32. The semiconductor device
of the third modification (FIG. 19B) includes a plurality of
via plugs (dummy plugs) 28’ in addition to the compo-
nents shown in FIG. 18. These via plugs 28’ are formed
of the same material as the via plugs 28. The semicon-
ductor device of the fourth modification (FIG. 19C) in-
cludes a plurality of via plugs (dummy plugs) 28’ in ad-
dition to the components shown in FIG. 16. These via
plugs 28’ are formed of the same material as the via plugs
28.
[0089] In this way, when the structure of the second
embodiment or the first modification is adopted, the array
chip 2 or array chip 3 may include dummy pads 32’ or
dummy plugs 28’. The dummy pads 32’ are metal pads
that are not used as pads for electrically connecting com-
ponents in the semiconductor device. The dummy plugs
28’ are via plugs that are not used as plugs for electrically
connecting components in the semiconductor device.
The dummy pads 32’ and the dummy plugs 28’ can pre-
vent CMP erosion. When the structure of the second em-
bodiment or the first modification is adopted, the dummy
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pads 32’ (or dummy plugs 28’) are desirably disposed on
only one of array chips 2 and 3 as shown in FIGS. 19A
to 19C, to reliably provide wide gaps indicated by the
arrows A1 and A2.
[0090] As described above, the array chips 2 and 3 of
the present embodiment have a structure in which the
metal pads 32 and the via plugs 28 are joined together,
or a structure in which the via plugs 33 and the via plugs
28 are joined together. Therefore, the present embodi-
ment makes it possible to form these metal pads 32, and
via plugs 28 and 33 in a preferable manner as described
above. The present embodiment makes it possible to pro-
vide the via plugs 28 and 33 with a similar function as
bonding pads such as the metal pads 32.
[0091] The structures of the second embodiment and
the first to fourth modifications may be applied to the
bonding face S1 instead of the bonding face S2. Howev-
er, in a case where the circuit wafer W1 and the array
wafer W2 are bonded together and then the array wafer
W2 and the array wafer W3 are bonded together, wafer
warpage is highly likely to be significant when the array
wafer W2 and the array wafer W3 are bonded together.
In this case, misalignment between the metal pads is
likely to occur when the array wafer W2 and the array
wafer W3 are bonded together. Therefore, in this case,
it is preferable to apply the structures of the second em-
bodiment and the first to fourth modifications to the bond-
ing face S2 rather than to the bonding face S1.

(Third Embodiment)

[0092] FIG. 20 is a cross-sectional view showing a
method of manufacturing a semiconductor device of a
third embodiment.
[0093] The method of manufacturing the semiconduc-
tor device of the present embodiment is similar to the
method of manufacturing the semiconductor device of
the first embodiment shown in FIGS. 3 to 7. However, in
the present embodiment, the annealing temperature im-
mediately after bonding the array wafers W2 and W3 is
set to a temperature different from the annealing temper-
ature immediately after bonding the circuit wafer W1 and
the array wafer W2.
[0094] First, the circuit wafer W1 and the array wafer
W2 are bonded together (FIG. 20A). Next, the circuit wa-
fer W1 and array wafer W2 are annealed at a temperature
Ta (FIG. 20B). Thereby, the metal pads 17 and 22 are
heated. The temperature Ta is an example of a first tem-
perature.
[0095] The metal pads 17 and 22 of the present em-
bodiment include, for example, Cu layers. The Cu layers
can be sufficiently joined together by annealing to 400°C
or higher. However, the annealing in FIG. 20B is per-
formed at a temperature Ta that is set to lower than
400°C. Therefore, the metal pads 17 and 22 of the
present embodiment are not sufficiently joined by the an-
nealing shown in FIG. 20B. The annealing in FIG. 20B
is performed for one hour at a temperature Ta that is set

to lower than 300°C, for example. The annealing pro-
motes binding of the inter layer dielectric 13 and the inter
layer dielectric 21, but does not sufficiently join the metal
pads 17 and the metal pads 22.
[0096] Next, the array wafer W2 and the array wafer
W3 are bonded together (FIG. 20C). Then, the circuit
wafer W1, the array wafer W2, and the array wafer W3
are annealed at a temperature Tb different from the tem-
perature Ta (FIG. 20D). Thereby, the metal pads 17, 22,
29 and 32 are heated. The temperature Tb is an example
of a second temperature.
[0097] The metal pads 29 and 32 of the present em-
bodiment include, for example, Cu layers. The annealing
in FIG. 20D is performed at a temperature Tb that is set
to 400°C or higher. Therefore, the metal pad 17 and the
metal pad 22 of the present embodiment are sufficiently
joined by the annealing shown in FIG. 20D, and the metal
pads 29 and the metal pads 32 of the present embodi-
ment are also sufficiently joined by the annealing shown
in FIG. 20D. The annealing in FIG. 20D is performed for
one hour at a temperature Tb that is set to 400°C, for
example. This annealing not only promotes binding of
the inter layer dielectric 21 and the inter layer dielectric
31, but also joins the metal pads 17 and the metal pads
22 sufficiently and joins the metal pads 29 and the metal
pads 32 sufficiently.
[0098] If the temperature Ta is set to 400°C or higher,
the metal pads 17 and 22 are sufficiently joined by an-
nealing shown in FIG. 20B, and are further exposed to a
temperature at which they can be sufficiently joined by
annealing in FIG. 20D. As a result, excessive stress may
be applied to the metal pads 17 and 22, and a large
amount of Cu atoms may diffuse from the metal pads 17
and 22. In contrast, the present embodiment makes it
possible to prevent these problems by setting the tem-
perature Ta lower than 400°C.
[0099] The diffusion of Cu atoms is considered to have
a large adverse effect on the circuit wafer W1. Therefore,
it is desirable to prevent diffusion of Cu atoms from the
metal pads 17 and 22 closer to the circuit wafer W1 more
than diffusion of Cu atoms from the metal pads 29 and
32 far from the circuit wafer W1. The present embodiment
makes it possible to perform annealing of FIG. 20B that
heats only metal pads 17 and 22 at a low temperature
among the metal pads 17, 22, 29 and 32 to effectively
prevent diffusion of Cu atoms from the metal pads 17
and 22.
[0100] The temperature Ta may be set to a tempera-
ture different from the temperature Tb for another reason.
For example, a semiconductor device may be manufac-
tured through the method shown in FIGS. 21A to 21D.
[0101] FIGS. 21A to 21D are cross-sectional views
showing a method of manufacturing a semiconductor de-
vice of a modification of the third embodiment.
[0102] First, the array wafer W2 and the array wafer
W3 are bonded together (FIG. 21A). Next, array wafer
W2 and array wafer W3 are annealed at a temperature
Tb (FIG. 21B). Thereby, the metal pads 29 and 32 are
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heated. The temperature Tb is also an example of the
second temperature.
[0103] The metal pads 29 and 32 of the present mod-
ification include, for example, Cu layers. The annealing
in FIG. 21B is performed at a temperature Tb that is set
to 400°C or higher. Therefore, the metal pads 29 and the
metal pads 32 of the present modification are sufficiently
joined by the annealing shown in FIG. 21B. The annealing
in FIG. 21B is performed for one hour at a temperature
Tb that is set to 420°C, for example. The annealing not
only promotes binding of the inter layer dielectric 21 and
the inter layer dielectric 31, but also sufficiently joins the
metal pads 29 and the metal pads 32 together.
[0104] Next, the circuit wafer W1 and the array wafer
W2 are bonded together (FIG. 21C). Then, the circuit
wafer W1, the array wafer W2, and the array wafer W3
are annealed at a temperature Ta different from the tem-
perature Tb (FIG. 21D). Thereby, the metal pads 17, 22,
29 and 32 are heated. The temperature Ta is also an
example of the first temperature.
[0105] The metal pads 17 and 22 of the present mod-
ification include, for example, Cu layers. The annealing
in FIG. 21D is performed at a temperature Ta that is set
to 400°C or higher. Therefore, the metal pads 17 and the
metal pads 22 of the present modification are sufficiently
joined by the annealing shown in FIG. 21D. The anneal-
ing in FIG. 21D is performed for one hour at a temperature
Ta that is set to 400°C, for example. The annealing not
only promotes binding of the inter layer dielectric 13 and
the inter layer dielectric 21, but also sufficiently joins the
metal pads 17 and the metal pads 22 together.
[0106] As described above, it is desirable to prevent
diffusion of Cu atoms from the metal pads 17 and 22
closer to the circuit wafer W1 more than diffusion of Cu
atoms from the metal pads 29 and 32 far from the circuit
wafer W1. The present modification makes it possible to
heat the metal pads 17 and 22 only by the annealing
shown in FIG. 21D among the annealing shown in FIGS.
21B and 21D to effectively prevent diffusion of Cu atoms
from the metal pads 17 and 22. In addition, the present
modification makes it possible to set the temperature Ta
lower than the temperature Tb to anneal the metal pads
17 and 22 at a lower temperature, resulting in more ef-
fective prevention of diffusion of Cu atoms from the metal
pads 17 and 22.
[0107] As described above, the present embodiment
makes it possible to set the temperature Tb to a temper-
ature different from the temperature Ta to form the metal
pads 17, 22, 29 and 32 in a preferable manner. The tem-
perature Tb is set higher than the temperature Ta in the
above description. Contrarily, the scheme of setting tem-
perature Tb lower than the temperature Ta may be adopt-
ed.
[0108] The method of the present embodiment may be
applied to the manufacturing of the semiconductor device
of the second embodiment instead of the manufacturing
of the semiconductor device of the first embodiment. In
this case, the annealing in the present embodiment not

only joins metal pads together, but also joins metal pads
and via plugs or joins via plugs together.
[0109] The embodiments described above may be im-
plemented as below.

[1] A semiconductor device including:

a first substrate;
a first insulator provided on the first substrate;
a first metal layer provided in the first insulator;
a second insulator provided on the first insulator;
a second metal layer provided in the second in-
sulator, disposed on the first metal layer, and
being in contact with the first metal layer;
a third metal layer provided in the second insu-
lator and disposed above the second metal lay-
er;
a third insulator provided on the second insula-
tor; and
a fourth metal layer provided in the third insula-
tor, disposed on the third metal layer, and being
in contact with the third metal layer,
wherein the first, second, third or the fourth metal
layer is a plug provided on a surface of an inter-
connect.

[2] The device of [1], wherein

one of the first and second metal layers or one
of the third and fourth metal layers is a plug pro-
vided on a surface of an interconnect, and
another of the first and second metal layers or
another of the third and fourth metal layers is a
pad provided on a surface of an interconnect via
a plug.

[3] The device of [1], wherein

one of the first and second metal layers or one
of the third and fourth metal layers is a plug pro-
vided on a surface of an interconnect, and
another of the first and second metal layers or
another of the third and fourth metal layers is a
plug provided on a surface of an interconnect.

[4] The device of [1], further including:

a first memory cell array provided in the second
insulator; and
a second memory cell array provided in the third
insulator.

[5] The device of [4], further including a circuit pro-
vided in the first insulator, and configured to control
the first and second memory cell arrays.

[0110] While certain embodiments have been de-
scribed, these embodiments have been presented by
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way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel devices and
methods described herein may be embodied in a variety
of other forms; furthermore, various omissions, substitu-
tions and changes in the form of the devices and methods
described herein may be made without departing from
the scope of the inventions.

Claims

1. A semiconductor device comprising:

a first substrate;
a first insulator provided on the first substrate;
a first pad provided in the first insulator;
a second insulator provided on the first insulator;
a second pad provided in the second insulator,
disposed on the first pad, and being in contact
with the first pad;
a third pad provided in the second insulator, and
disposed above the second pad;
a third insulator provided on the second insula-
tor; and
a fourth pad provided in the third insulator, dis-
posed on the third pad, and being in contact with
the third pad,
wherein a shape of the third or fourth pad is dif-
ferent from a shape of the first or second pad.

2. The device of Claim 1, wherein the shape of the third
or fourth pad in plan view is different from the shape
of the first or second pad in plan view.

3. The device of Claim 1 or 2, wherein a thickness of
the third or fourth pad is different from a thickness
of the first or second pad.

4. The device of any of Claims 1 to 3, further compris-
ing:

a first memory cell array provided in the second
insulator; and
a second memory cell array provided in the third
insulator.

5. The device of Claim 4, further comprising a circuit
provided in the first insulator, and configured to con-
trol the first and second memory cell arrays.

6. The device of any of Claims 1 to 5, wherein

an upper face of the first insulator or a lower face
of the second insulator is formed of a first insu-
lating material, and
an upper face of the second insulator or a lower
face of the third insulator is formed of a second
insulating material different from the first insu-

lating material.

7. The device of Claim 6, wherein

one of the first and second insulating materials
includes silicon and oxygen, and
another of the first and second insulating mate-
rials includes silicon, carbon and nitrogen.

8. A method of manufacturing a semiconductor device,
comprising:

forming a first insulator on a first substrate;
forming a first metal layer in the first insulator;
forming a second insulator on a second sub-
strate;
forming a second metal layer and a third metal
layer in the second insulator;
forming a third insulator on a third substrate;
forming a fourth metal layer in the second insu-
lator;
bonding the first and second insulators so that
the first metal layer is in contact with the second
metal layer, and annealing at least the first and
second metal layers at a first temperature after
bonding the first and second insulators; and
bonding the second and third insulators so that
the third metal layer is in contact with the fourth
metal layer, and annealing at least the third and
fourth metal layers at a second temperature after
bonding the second and third insulators,
wherein the second temperature is different
from the first temperature.

9. The method of Claim 8, wherein the bonding of the
second and third insulators is performed after the
annealing at the first temperature.

10. The method of Claim 8, wherein the bonding of the
first and second insulators is performed after the an-
nealing at the second temperature.

11. The method of any of Claims 8 to 10, further com-
prising:

forming a first memory cell array on the second
substrate; and
forming a second memory cell array on the third
substrate.

12. The method of Claim 11, further comprising forming
a circuit of controlling the first and second memory
cell arrays, on the first substrate.

13. The method of Claim 12, wherein the second tem-
perature is higher than the first temperature.

14. The method of any of Claims 8 to 13, wherein the
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first, second, third and fourth metal layers are a first,
second, third and fourth pads, respectively.

15. The method of any of Claims 8 to 14, wherein the
first, second, third or fourth metal layer is a plug pro-
vided on a surface of an interconnect.
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