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DESCRIFTION
METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE

TECHNICAL FIELD
The present invention is directed to a

semiconductor device manufacturing method, and in
particular to a semiconductor device manufacturing method

for disposing plural semiconductor substrates having
semiconductor chips one above the other, connecting
semiconductor chips, each of which constitutes a different
semitconductor substrate, in such a manner a2z to snable
signal transmission, and subsegquently singularizing the
semiconductor chips into individual pieces.

BACKGROUND ART

A reduction in gize, thickness and welght of
semiconductor application products for use in various
mobile apparatuses, such as digital cameras and portable
telephones, has progressed at a rapid pace in recent years.

Tn accordance with the trend, there are continuing demands
for size reduction and density increase of semiconductor

devices installed in the samiconductor application
products. To meet such demands, for example, methods of
marnufacturing semiconductor devices having a wafer-on-
wafer (hereinafter, referred Co as “Wéﬁ”) conficuration
have been proposed. In the WOW configuration, plural
semiconductor substrates (wafers) having semiconductor
chips are disposed one above the other and bonded in this
wafer state,

The following gives a brief description of a
conventionally proposed methed of manufacturing a
semiconductor device having the WOW configuration with



10

15

20

25

30

_D

raference to drawings. FIGs. 1A to 16 illustrate a
conventicnal process flow for manufacturing a WOW
configuration semiconductor device.

First, in a process shown in FIG. 1A, =2
semiconductor substrate 110 is prepared. The
semiconductor substrate 110 includes a substrate body 120,
a semiconductor integrated circult 130 and via holes 140
which are filled with metal. The semiconductsr integrated
circuit 130 is formed on the substrate body 120, and the
via holes 140 filled with metal are formed in the
subgtrate body 120 and the semiconductor integrated
circuit 130. When the semiconductor substrate 110 is
prepared, the via holes 140 may be formed in the substrate
body 120 pricor teo the formation of the semiconductor
integrated circuit 130, cor the semiconductor integrated
gircuit 130 may be formed on the substrate body 120 prior
to the formation of the via holes 140. - Note that since
the substrate body 120 is reduced in thickness in a
process to be described below, the via heles 140 do not
have to penetrate the substrate body 120 at this point.

Next in a process shown in FIG. 1B, a support
300 is bonded to the semiconductor substrate 110 on the
sermiconductor integrated circuit 130 side. A glass
substrate, for example, may be used for the support 300.
Subseguently, in a process shown in FIG. 1C, the substrate
body 120 is redouced in thickness. The thickness reduction
is achieved by, for example, polishing a surface of the
substrate body 120, on which surface the semiconductor
integrated circuit 130 is not formed. The semiconductor
substrate 110 and the substrate body 120 after the
thickness reducticn are referred to as the semiconductor
substrate 110z and the substrate body 120a, respectively.
The support 300 has a function of supporting the
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semiconductor substrate 1l0a having reduced rigidity after
the thickness reduction. Then, bumps (not shown) are
formed on the via holes 140 exposed from the surface on
which the thickness reduction has been performed. Note
that the bumps (not shown) may be formed via electrode
vads (not shown).

Next in & process shown in FIG. 1D, =z
semiconductor substrate 210 is prepared. The
semiconductor substrate 210 includes a substrate body 220,
a semiconductor integrated circuit 230 and via holes 240
which are filled with metal. The semiconductor integrated
circuit 230 is formed on the substrate body 220, and the
via holes 240 filled with metal are formed in the
substrate body 220 and the semiconductor integrated
clrcuit 230. Bumps (not shown) are formed on the via
heles 240 exposed from the surface of the sewiconductor
substrate 210 on the semiconductor integrated circuit 230
sids. Note that the bumps (not shown) may be formed via
electrode pads (not shown). Then, the semiconductor
substrate 210 is bonded to the semiconductor substrate
110a in such a manner that the semiconductor integrated
circouit 230 of the semiconductor substrate 210 opposes the
substrate body 120z of the semiconductor substrate 110a.
Note that the via holes 240 are formed in advance at
positions corresponding to the via holes 140, and each sat
of the corresponding via holes 240 and 140 are
electrically connected via a bump.

Next in a process shown in FIG. 1E, the
substrate body 220 is reduced in thickness, in the same
marmer as in the process of FIG. 1C. The semiconductor
substrate 210 and the substrate body 220 after the
thickness reduction are referred to 23 the saemiconductor
substrate 210a and the substrate body 220a, respectively.
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Then, bumps {(not shown) are formed on the via holes 240
exposed from the surface con which the thickness reduction

has been performed., Note that the bumps (not shown) may
be formed via electrode pads {not shown).

Next in a process shown in FIG. 1F, by repeating
the same processes cof FIGs. 1D and 1E, semiconductor
substrates 310a and 410z are disposed one above the other
at the bottom of the substrate body 220a of the
semiconductor substrate 210a. Then in a process shown in

FIG. 1G, the support 300 of FIG. 1F is removed. Eerewith,
a semiconductor device 100 is completed. In this mannar,

© the WOW-configuration semiconductor device 100 is

manufactured in which the semiconductor substrates 110a,
210z, 310z and 410a with reducad thicknesses are bonded to
one another in the semiconductor substrate (wafer) state.
. FIGs. 2B to 2C illustrate another conventional
process flow for manufacturing a WOW configuration
semiconductor device. In FIGs. 2A to 20, the same
reference mumerals are given to the components which are
commen in FIGs. 1A to 1G, and theilr explanations may bs
omitted. First, in & process shown in FIG. 23,
semiconductor substrates 510 and 610 are prepared. The
semiconductor substrate 510 includes a substrate body 520
and a semiconductor integrated circuit 530. ‘The
semiconductor integrated circuit 530 is formed on the

substrate bedy 520. The semiconductor substrate 610
includes a substrate body 620 and a semiconductorn

integrated circuit 630. The semiconductor integrated
circuit 630 is formed on the substrate body 620, Then,
the semiconductor substrate 610 is bonded to the
semiconductor substrate 510 in such a3 manner that the
semiconductor integrated circult 630 of the semdconductor
substrate 610 cppeses the semiconductor integrated clrcult
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530 of the semiconductor substrate 510.

Next in a process shown in FIG. 2B, the
substrate body 620 is reduced in thickness. The thickness
reduction is achieved by, for example, polishing a surface

of the substrate body 620, on which surface the
semiconductor integrated circult 630 is not formed. The

semiconductor substrate 610 and the substrate body 620

after the thickness reduction are referred to as the
semiconductor substrate 610a and the substrate body 620a,

respectively. Subsequently, in a process shown in FIG. 2ZC,
via holes €40 filled with metal are formed in such &
manner to penetrate the substrate body 620a and connect
the semiconductor integrated circuit 530 and the
semiconductor integrated circuit 630. In this manner, a
WOW-configuration samiconductor device 500 is manufactured
in which the semiconductor substrate 510 and the
semiconductor substrate 610z with a reduced thickness are
bonded to one another in the semiconductor substrate
(wafer) state.

[Prior Art Document)
[Patent Document]
[Patent Document 1] Japanese Laid-opan Patant
Application Publicaticn No. 2008-15348%

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

However, the semiconductor device manufacturing
method shown in FIGs. 1A Lo 1G requires, when two
semiconductor substrates are connected, 2 process of
forming bumps on the via holes exposad from both
semiconductor substrates, thus leaving the problems of low
productivity and an increase in the cost of manufacturing
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According to the semiconductor device

manufacturing method shown in ¥FIGs. 2B to 2C, since the
semiconductor substrates are bonded in such a manner that
the surfaces on which the semiconductor integrated
circuits have been formed oppose sach othar, three oxr more
semiconductor substrates cannot be disposed one above the
other by simply repeating the same processes. That is, a
special process iz raguired to dispose three or more
semiconduactor substrates one above the other, which
results in low productivity and an increase in the cost of
manufacturing the semdconductor device.

Alse, according to either of the samiconductor
device manufacturing methods shown in FIGs. 1A to 16 and
FIGs. ZA to Z2C, in the case of forming desp via holes, it
takes a long Time to performm the hole-formation of the via
holes and the metal £illing process and also the numbar of
materials required for the processes increases, which
leads to an increase in the cost of manufacturing the
semiconductor device.

Furthermore, according to either of the
semiconductor device manufacturing methods shown in FIGs.
14 teo 16 and FIGs. 2A to 2C, in the cass of forming the
via holes by dry etching or the like, the depths of the
via heless change according to the size and density of the
via holes, which leads to the variation in the diameter of
the end portions of the via heles. 2As a result, the
diameter of the via holes exposed when the semdconductor

substrate is reduced to a desired thickness varies, which
in turn resulits in the variastion in the resistance of the

electrical connections, leaving the problem of decreased

reliability of the semiconductor device.
In view of the above problems, the present
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invention aims at providing a reliable semiconductor
device manufacturing method with high productivity,
capable of reducing the manufacturing costs.

MEANS FOR SCLVING THE PROBLEMS

In order to achisve the above-describsd object,
the present invention 1s a semiconductor device
manufacturing method for disposing cne above another
plural semiconductor substrates sach having, on the main
surface, semiconductor chips each of which has a
semiconductor integrated circuit, connecting the
semiconductor chips, each of which constitutes a different
one of the semiconductor substrates, in such 2 manner as
to enable signal transmission, and subseguently
singularizing the semiconductor chips into individual
pieces. The semiconductor device manufacturing method
inciudes a first step of preparing a first semiconductor
substrate and a second semiconductor substrate; a second
step of reducing thickness of the second semiconductorn
substrate; a third step of firmly fixing an opposite
surface of the second semiconductor substrate with a
reduced thickness to the main surface of the first

semiconductor substrate via an insulating layer, the
cpposite surface being opposite to the main surface of the

second semiconductor substrate; a fourth step of forming,
in the second semiconductor substrate with the reduced
thickness, a via hele which penetrates from the main
surface to the opposite surface of the sacond
semiconductor substrate; and a fifth step of forming a
connaction part which enables the signal transmission, via
the via hole, between the semiconductor chip of the first
semiconductor substrate and the semiconductor chip of the
second semiconductor substrate.
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EFFECTS OF THE INVENTLION

According to the present invention, it is
possible to provide a reliable semiconductor devige

manufacturing

method with high productivity, capable of

reducing the manufacturing costs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.
manufacturing
configuration

LG,
manufacturing
configuration

FIG.
manufacturing
configquration

FIG.
manufacturing
configuration

¥FIa.
manufacturing
configuration

FIG.
manufacturing
configuration

FIG.
manufacturing
configuration

FIG.
manufacturing
semiconductor

FIG.

of =
WOW=-

1A illustrates a first process
process flow of a conventional
semiconductor device;
1B illustrates a second process cof the
process f£low of the conventional —WOW-
semiconductor device:
1C illustrates a third process of the
process flow of the conventional WOW-
semiconductor devics;
10 illustrates a fourth process of the
procass  flow of the conventional WOW-
semiconductor device:
1E illustrates a £f£ifth process of the

process flow of the conventicnal WOW-
semiconductor device:

1F illustrates a sixth process of the

procgess flow of the conventicnal WOW-

semlcoonductor device;
16 illustrates a sgventh process of the

process flow of the conventicnal WOW-

semiconductor device:

23 illustrstes a first process of another
process of a conventional WOW-configuration
device;

2B i1llustrates a second process of the
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cther manufacturing process of the conventional WOW-
confiiguration semiconductor device;
, FIG. 2C illustrates & third process of the othern
manufacturing process of the conventional WowW-
configuration semiconductor device;

FIG. 3 1s a cross-secticnal view illustrating a
semiconductor device according to a first embodiment of
the present invention;

FIG. 42 illustrates a first process of a
manufacturing process flow of the semiconductor device
according to the first embodiment of +the present
invention;

FIG. 4B illustrates a second procass of the
manufacturing process flow of the semiconductor device
according to the first embodiment of the present
invention;

FIG. 4C 4illustrates a third process of the
manufacturing process flow of the samiconductor device
according to the first embodiment of the present
invention:?

FIG. 4D illustrates a fourth process of the
marmifacturing process flow of the semiconductor device
according to the first embodiment of the present
invention:

FIG. 4E illustrates & fifth process of the
manufacturing process flow of the semiconductor device
according to the first embodiment of the present

invention; .
FIG. 4F illustrates a sixth process of the

manufacturing procdess flow of the semiconductor device
according to the first embodiment of the present
invention;

FIG. 4G illustrates a seventh process of the
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according to

invention;
FIG.

manufacturing
according Lo
invention;
FIC,
manufacturing
according  to
Invention:
FIG.
manufacturing
according to
invention;
FIG.
manufacturing
according to
Iinvantiorn:
FIG.
manufacturing

ageording  teo
inventicn;

FIC.
manufacturing
according to
invention:

FIG.
manufacturing
according to
inventicn;

FIG.
manufacturing

~-10-

process L[low of the semiconductor device

the first embodiment of the present

4H illustrates an elghth process of the
process fLlow of the seniconductor device
the first embodiment of the present

4T illustrates a ninth process cf the
process flow of the semiconducter device
the first embodiment of the present

45 dillustrates a tenth process of the
process flow of the semiconductor device
the first embodiment of the present

4K illustrates an eleventh process of the
process flow of the semiconductor device
the first embodiment of the present

4L illustrates a twelfth process of the
process flow of the semiconductor device
the first embodiment of the present

4 illustrates a thirteenth process of the
process flow of the semiconductor device
the = first embodiment of the present

4N illustrates z fourteenth process of the
process flow of the sgemiconductor device
the first embodiment of the present

40 illustrates a fifteenth process of the
process flow of the semiconductor device
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according  te the first embodiment of the present
invantion;

FIG. 4P illustrates a sixteenth process of the
manufacturing proceas flow of the semiconductor device
according  to  the first embodiment of fthe present
invention;

FIG. 40 illustrates a seventeenth process df the
manufacturing process flow of the semiconductor device
according to the first embodiment of the present
invention;

FIG. 4R illustrates an eighteenth process of the
manufacturing process flow of the semiconductor device
according to the first embodiment of the present
invention;

FIG. 45 illustrates a nineteenth process of the
manufacturing process flow of the semiconductor devics
according to the first embodiment of +the present
invention;

FIG. 4T illustrates a twentieth process of the
manufacturing process flow of the semiconducteor device

according to the first embodiment o¢f the present
invantion;

FIG. 5A illustrates a first oprocess of a
manufacturing process flow of a semiconductor device
according to a meodification of the first embodiment of the
present invention:

FIG. 5B illustrates a second process of the
manufacturing process flow cof the semiconductor device
according to the modification ¢f the first embodiment of
the present invention;

FiG.  BC illustrates a thizd process of the
manufacturing process flow of the semiconductor device
according to the modificetion of the first smbodiment of
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the present invention:

FIG.
manufacturing

5D illustrates a Iourth process of the
process flow of the semicenductor device

according to the modification of the first embodiment of
the present invention:

I,

€ is a cross—sectional view illustrating a

semiconductor device according to a second embodiment of
the present invention;

TIG.
manufacturing
zecording  to
invention;

FIG.
manufacturing
according  to
invention;

FIG.
manufacturing
according tTo
invention;

FIG.

manufacturing
according to
invention;

FIG.

manufacturing
according  to
invention;
FIG.
manufacturing
according  to
invention:
FIG.

7A illustrates & first oprocess of a
process flow of the semiconductor device
the second embodiment of the present

B illustrates a second processz of the
process flow of the semiconductor device

the second embodiment of the present
7C illustrates & third process of the

process flow of the semiconductor davice
the second eambodiment of the present

70 illustrates a fourth process of the
flow o©f the semiconductor device
of the present

PrOCess
the =second embodiment

7B illustrates a £ifth process of the
process flow of the semiconductor device
the second embodiment of @ fThe present

78 illustrates a sixth process of the
process flow of the semiconductor device

the second embodimant of the present

8 is a cross-sectional wview Illustrating a
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semlconductor device according te & third embodiment of
the present invention;

FIG. 2A illustrates a first process of a
manufacturing process flow of the semiconductor devige
according to the third embodiment of. the present
invention;

FIG. 8B illustrates a second process of the
manufacturing process Ilow of the semiconductor devics
according te the third embodiment of the present
invention;

FIG. 9C dlliustrates a third process of the
manufacturing process flow of the seniconductor device
according to the third embodiment of the present
invention;

FIG. 9D illustrates a fourth process of the
manufacturing process Iflow of the semiconductor device
according to  the third embediment of the present
invention; '

FIG. 9B illustrates & Ffifth procesa of the
manufacturing process flow of the semiconductor device
according to the third embodiment of the present
invention;

FIG. 9F illustrates a sixth process of <the
manufacturing process flow of ‘the semiconductor device
according to the third embodiment of the present
invention;

FIG. 10 is a cross—-sectional view illustrating a
semiconductor device accerding to a fourth embodiment of
the present invention;

FIG. 112 illustrates a first process of a
manufacturing process flow of the semiconductor device
according to the fourth embodiment of the present
invention;
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FIG. 11B illustrates a second process of the
manufacturing process flow of the semiconductor device
according to the fourth embodiment of the present
invention;

FIG. 11C allustrates a <third process of the
manufacturing process flow of the semiconductor device
according to the fourth embodiment of the present
invention;

FIG., 11D illustrates a fourth process of the
manufacturing process flow of the semiconductor device
according te the fourth ewbodiment of the present
invention;

FIG., 11E dllustrates a fifth process of the
manufacturing process flow of the semiconductor device
according  to the feourth embodiment of the present
Invention;

FIG. 11F illustraftes a sixth process of the
manufacturing process Iflow of the semiconductor device
according te the fourth embodiment of the present
invention;

FIG. 11G illustretes a seventh process of ths
manufacturing process Iflow of the semiconductor device
according to the fourth embodiment of the present
invention; '

FIG., 11H 1llustretes an eighth process of the
manufacturing process flow of the semiconductor device
according to the fourth embodiment of the present
invention;

' FIG. 12 is a cross-sectional wview illustrating a
semiconductor device according to a fifth embodiment of
the present inventicn; and

FIG. 13 is a flowchart showing an example of an
entire manufacturing process flow of a semiconductor
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device, including WOW processes and widely-recognized
semiconductor device manufacturing processes.

CESCRIPTION OF EMEBODIMENT

Imbodiments that describe the best mode for
carrying out the present invention are explained next with
reference to the drawings.

[First Embodiment]
[Configuration Of Semiconductor Device According To First
Fmbodiment OFf The Present Invention]

First is described the configuration of a
semiconductor device according to a first embodiment of
the present invention. FIG. 3 is a cross-sectional view
illustrating a samiconductor device according teo the first
embodiment of the present invention. With referance to
FIG. 3, a semliconductor device 10 according to the first
embodiment of the present invention has a configuration in
which semiconductor substrates 1lle, 21e, 31lc, 41c, 5Slc,
elc and 7l¢ are disposed one above the other. The
semiconductor device 10 is, for example, a CMOS LSI, a
mamory device, a sensor device or a MEMS,

The semiconductor substrates llc-7lic

- constituting the semiconductor device 10 are, for example,

silicon wafers. 1In the casze where the semiconductor
substrate lle—7lc are silicon wafers, the semiconductor
device 10 is a so-called WOW-configuration semdconductor
device in which plural semiconductor substzates (wafers)
are bonded to one another in the semiconductor substrate
wafex) state.

The semiconductor substrates llc-7lc include
plural regions A in which semiconducter chips are formed
(hersinafter, referred to as the “semiconductor chip
formation regions A”) and a scribing region B for
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separating the plural semiceonductor chip formation regions
A. The refersnce symbol € indicates a position at which,
on the semiconductor device 10, cubtting is performed using
a dicing blade or the like (hereinafter, the “cutting
position C7). The semiconductor device 10 is cut inte
individual pieces at the cutting positions C using a
dicing blade or the like to thereby form final products.

Bach semiconductor chip formation region A of
the semiconducteor substrates 1lle-7lc includes,
respectively, a substrate boedy 12-72 (not shown), a
semd.conductor intégrated circuit 13-73 (not shown) and
electrode pads 15-75. The substrate bodies 12-72 (not
shown) are made, for example, of silicon. Each of the
semiconductor integrated circuits 13-73 {not shown) has a
configuration in which a diffusion layer (not shown), an
insulating layer (not shown), via holes (not shown), a
wiring layer (not shown) and the like are formed in
silicon, for example, and is formed on one surface of the
corresponding substrate body 12-72 (not shown). In the
following description, the surface of sach of the
semiconductor substrates llc-71¢, on which surface the
semiconductor integrated circuit 13-73 {not shown) is
provided may be referred to as the “main surface”.

The eleatrode pads 15-75 are disposed on the
correspending semiconductor integrated cixcuits 13-732 (not
shown), respectively, via the insulating layer (noht shown).
The electrodse pads 15-75 are electrically connected to the
correspeonding wiring layer (not shown) provided in the
semiconducter integrated clrcuit 13-73 (not shown). As
cach of the slectrode pads 15-7%, a laminated body or the
like may be used, in which an Au layer is disposed on a Ti
layver, for example. Or, the following may aiso be used as
the slectrode pad 15-75; a laminated body in which an Au
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layer is disposed on a Ni layer; a laminated body in which
a Pd layer and an Au layer are seguentially disposed on a
Ni layer: a laminated body in which a Cu laver or an Al
layer is disposed on a layer of a2 high melting point metal,
such as Coc, Ta, Ti and TiN, in place of Ni; or a damascene
interconnect structure.

The semiconductor substrates lic and Zic are
bonded to one ancother via a resin layer 16, and the
glectrode pads 15 of the semiconductor substrate 1le and
the slectrode pads 25 of the semiconductor substrate 21c
are electrically connected to each other via metal lavers
38 formed in via holes 2ly. The semiconductor substrates

1c and 3lc are bonded te cne snother via a resin layer 26,
and the electrode pads 25 of the semiconductor substrate
21c and the electrode pads 35 of the semiconductor
substrate 3lc are electrically connected to each other via
metal layers 48 formed in via heles 31ly. Note that each
via hole is a connecting hole provided to connect
semiconductor substrates (net limited te adiacent
saemiconductor substrates), and connects the semiconductor
substrates to enable signal transmissicon beitween them when
a metal layer, an optical waveguide or the like is formed
inside the via hole. The metal layer, the optical
waveguide or the like formed inside the via hole may be

referred to as the “connection part”.
‘ The semiconductor substrates 3lc and 4lc are
bonded to cne another via a resin layer 36, and the

glectrode pads 35 of the semiconducter substrate 3lc and
the electrode pads 45 of the semiconductor substrate 41c
are electrically connected to each other via metal lavers
58 formed in via holes 41y. The semiconductor substrates
41c and 51lc are bonded to one another via 2 resin layer 46,
and the electrode pads 45 of the semiconductor substrate
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41c and the electrode pads 55 of the semiconductor
substrate 5lc are electrically connected to =ach other via
metal layers 68 formed in via holes 5ly.

The semiconductor substrates 5lc and 6lc are
ponded to one ancther wvia a resin layer 56, and the
electrode pads 55 of the semiconductor substrate 5lc and
the electreode pads 65 of the semiconductor substrate 6lc
are electrically connectad to each other via metal layers

78 formed in via holes €ly. The semiconductor substrates
6lc and 7lc are bonded to cne another via a resin layer 66,

and the electrode pads €5 of the semiconductor substrate

6lc and the electrode pads 75 of the semlconductor
substrate 7lc are electrically connected tc each other via

metal layers 88 formed in via holes 7ly.

In the semiconductor substrate 7lc, a solder
mask layer 76 having openings 76x is formed, and external
connection terminals 91 are formed inside the openings 76x.
The external connection terminals 91 are provided to
electrically connect the semiconductor device 10 and a
wiring substrate or the like provided cutside the
samiconductor davice 10, and are connectsd to the
electrode pads 75. As the external connection terminals 91,
solder balls, Au bumps, a conductive paste or the like may

be used. In the case when solder bhalls are used as the

external connection terminals 81, an alloy containing Phb,
an alloy of 8n and Cu, an allocy of &n and Ag, an alloy of

Sn, Ag and Cu or the like may be used as a material of the

external connection terminals 51.

[Processes For Manufacturing Semiconductor Device

According To First Embodiment Of The Present Invention]
Next is described a manufacturing process flow

of the semiconductor device according to the first

embodiment of the present invention. FIGs. 4A to 4T
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illustrate the manufacturing process flow of the
semicenducter device according to the first embodiment of
the present invention. In FIGs. 44 to 47, the same
reference numerals are given to the componsnts which are

common to the semiconductor device 10 shown In FIG. 3, and
their explanations may be omltted.

First, a semiconductor substrate 11 shown in
FIGa. 4A and 4B is prepared. FIG. 4A 1s a plan view and

FIG. 4B is a cross-zectional view. With reference to FIiGz.
44 and 4B, the semiconductor substrate 11 includes the

substrate body 12, the semiconductor integrated circuit 13
and the electrods pads 15. Note that, in FIG. 43, ths
electrode pads 15 are not shown. In FIG. 4B, the
refarence numeral 1la denotes one surface of the
semiconductor substrate 11 (the surface on which the
gelectrode pads 15 are formed, i.e., the main surface), and
the reference mumerzl 11k denotes the other surfzce of the
semiconductor substrate 11 (i.e., the surface opposite to
the main surface).

The substrate body 12 is made, for example, of
gsilicon. The semiconductor integrated circuit 13 has, for
example, a configuration in which a diffusion layer (not
shown}, an insulating layer (not shown), via holes {(not
shown) , & wiring layer (not shown) and the like are formed
in silicon. The electrode pads 15 are formad on the
semiconductor integrated clrcuit 13 via the dnsulating
layver (nct shown). As each of the electrode pads 15, a
laminated body or the like may be used, in which an Bu
layer is dispesed on a Ti layer, for example. Or, the
following may also be used as the electrode pad 15: a
laminated body in which an Au layer is disposed on a Ni
layver; a laminated body in which a Pd layer and an Au
layer are sequenptially dispesed on a Ni layer; a laminated
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body in which a Cu layer or an Al laver is disposed on a
layer of a hich melting point metal, such as Co, Ta, Ti

and TiN, in place of Ni; or a damascens interconnect
structure.

The semiconductor subkstrate 11 includes plural
semiceonductor chip formation regions A and a scribing
region B for separating the plural semiconducter chip
formation regilons A. The reference symbol C indicates a
position at which, on the semiconductor substrate 11,
cutting is perfommed using a dicing blade or the like
(hereinafter, referred to as the “cutting position C7). A
diameter ¢l of the samiconductor substrate 11 is, for
example, & inches (about 150 mm), 8 inches (about 200 mm)
or 1?2 inches {(sbout 300 mm). A thickness T1 of the
semiconductor substrate 11 1s, for example, 0.625 sm (when
pl = 6 inches}, 0.725 mmn (when ¢l = 8 inches) and 0.775 mm
(when ¢l = 12 inches). In the present embodiment, the
following description is given with an example in which an
S-inch—diameter {about 200 mm in diameter) silicon wafer
is used as the semiconductor substrate 11,

Subseguently, in a process shown in FIG. 4C, a
fringe portion 1lx of the semiconductor substrate 11 shown
in FIGs. 4A and 4B is removed. The semiconductor
sunstrate 11 affer thes fringe portion 11x is removed is
referred to as the semiconductor subkstrate llc. The
removal of the fringe portion 1lx is performed by grinding
with a grinder or the like in such a manner that the

semiconductor substrate 1lc after the removal of the
fringe portion 1lx has, for example, a clrcular shape in a

planar view. In this operation, dry polishing, wet
etching or the like may also be used in combinstion.

The dry polishing here is a processing method in
which a surface is ground down {(polished) using abrasive
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cloth formed by hardening fibers containing silice, for
example. The wel etching is a processing methed in which

etching is performed by supplyving fluoro-nitric acid or
the iike while the semiconductor substrate 1l is rotated
using a spinner, for example. In the case where the
semiconductor substrate 1lc after the removal of the
fringe porticn 1lx has a circular shape in a planar view,
a dizmeter 92 of the semiconductor substrate 1llc having a
circular shape in a planar view is, for example, 193.0 =+
G.1 mm. That iz, the zamiconductor substrate 11 whose
diameter ¢l is 8 inches (about 200 mm) is reduced in
diameter to form the semiconductor substrate llc with the

diasmeter ¢2 of 193.0 4+ 0.1 mm.

Next in a process shown in FIG. 4D, the resin
layer 16 is formed on the surface 1la of the semiconductor
substrate 11lc. A resin mainly composed cof, for example,
banzocyclobutene (BCB) may be used as a material of the
ragin layer 16. Alternatively, an epoxide~based resin, an
acrylic-based resin, a polyvimide-based resin or the like
may be used as a material of the resin layer 16. A
thickness T2 of the resin layer 16 is, for example, about
5 m. The resin layer 16 may be formed by applving 2
resin‘mainly composed of, for ewxample, benzocyclobutens
(BCBY to the surface lla of the semiconductor substrate
1ic using, for example, spin-coating technique.
Subsecuently, the resin layer 16 is prebaked at 140 °C,
for example, to be semi-hardened. The semi~hardened resin
layer 16 has adhesiveness. Note that the resin layer 16
may be formed by a vapor-phase growth method or by
attaching & film resin, instead of using spin-coating
technique.

In the process shown in FIG. 4D, it is
preferable that, when the surface 1lb of the semiconductor



10

15

20

25

~2D—

substrate llc is used as a reference plane, a surface 16a
of the resin layer 16 be parallel to the reference piane.
If the surface 16a of the resin layer 16 is not parallel
to the reference plane, for example, the via holss 21y are
formed at an angle in a process shown in FIG. 41 to be
described below, and the metal layers 38 or the like are
formed in the slanted via holes 21y. This may result in
the problem of decreased reliability of the connection
between adjzcent semiconductor substrates. Note that
being parallel in this case means that the variation in a
height Hl of the surface 16a of the resin layer 16 with
respect to the reference plane is 1 um or less.
Accordingly, it is preferable to have a process of
checking the variation in the height Bl after the
formation of the resin laver 16. In the case where the
variation in the height Hl is more then 1 wm, it is

- preferable to have a process of adjusting the surface 16a

of the resin layer 16 to make the variation in the height
Hi within 1 pm. The surface 16a of the resin layer 16 may
be processed (ground) by, for exampls, a (MP method.

When n semiconductor substrates have already
been disposed one above the other and a resin layer is

then formed on the topmost (the o™ layer) semiconductor
substrate, the back surface cf the lowermost semiconductor
substrate (the surface on which no devices are formed) is

used a5 & reference plane. In this case, it is preferable
that the top surface of the resin layer be parallel to the
reference plane. Note that being parallel in this case
means that the variation in the height of the top surface
of the resin layer with respect to the refererice plane is
{1 x n) ym or less. That is, as described above, in the
case when a resin layer is formed on a single
semiconductor substrate, the variation in the height of
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the top surface of the resin layer with respect to the
reference plane is preferably 1 = 1 = 1 um or less, and in
the case when a resin layer is formed on semiconductor
gubstrates of, for example, ten layers, the varistion in
the height of the top surface of the resin layer with
respect to the reference plane (the back surface of the
lowermost semiconductor substrate) is preferably 1 x 10 =
10 ym or less.

Next in a process shown in FIG. 4B, a
semiconductor substrate 21, which has a configuration the
same &s that of the semiconductor substrate 11 of FiGs. 42
and 4B, is prepared. In FIG. 4E, the reference numeral
Z?1la denotes one surface of the semicopnductor substrate 21
{the surface on which the electrode pads 25 are formed,
i.e., the main surface), and the reference numeral 21b
denotes the other surface of the semiconductor substrate
21 (i.e., the surface copposite to the maln surface). The
semiconductor substrate 21 includes a substrate body 22, a
semiconductor integrated circuit 23 and the electrode pads
25. Details about the semiconductor substrate 21 are the
same as those of the semiconductor substrate 11, and the
explanation is therefore omitted.

Subsequently, a depression 2ix is formed on the
surface 21b side of the prepared semiconductor substrate
21. The semiconductor substrate 21 after the formation of
the depression 2lx is referred to as the saemiconductor

substrate 21c. The depzeséion 21x iz formed, for example,
in such a manner as to reduce the thickness of the central

portion and its vicinify (an area including the plural
semiconductor chip foxmation regions A) while leaving the
fringe portion of the semiconductor substrate 21 {an area
excluding the plural semiconductor chip formation regions
A}. The depression 21x is formed, for example, by
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grinding the surface 21b of the semiconductor substrate 21
using a grinder or the like. In this operation, dry
polishing, wet etching or the like may also be used in
combination.

The depression 21x has, for example, a circular
shape in & planar view; however, it may have a shape other
than circular. In the case where the depression 21x has a
circular shape in a planar view, a diameter ¢3 of the
depression 21z having a circular shape in a planar view is,
for examplie, 185.2 * 0.1 mm. A thickness T3 of the area
with a reduced thickness in the semiconductor substrate
2lc is in the rangs of about 1 um to about 100 um, for
axample; however, in temms of strength, the thickness T3
is preferably in the range of about 10 pm to about 50 um.
This is because setting the thickness T3 of the area with
a reduced thickness to about 10 mm to zbout 30 um reduces
breakage due to mechanical vibrations or the like and
gstress exerted on the semiconducter chips. MNote that the
lateral side of the depression 21x does not necessarily
have to be perpendicular to the bottom surface of the
depression 21x.

The reason for the thickness T3 of the area with
a recduced thickness in the semiconductor substrate 2lc
being 1 um or more is as follows. It is considered that,
in order to prevent a defect or contamination having
occurred on the back surface of the semiconductor
substrate 2lc (the surface on which no devices are formed)
Irxom spreading to devices, such as transistors, in the
semiconductor integrated circuit 23, the thickness T3 of
the area with a reduced thickness in the semiconductor
substrate 2Zlc needs to be at least five times or more the
depth of element isolation (not shown) in the devices.
Here, the depth of element isolation (not shown) in the
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devices in the semiconductor integrated circuit 23 is in
the range of about 200 nm %o about 500 rm. Accordingly,
the thickness T3 of the area with a reduced thickness in
the semiconductor substrate 21lc needs to be at least 1 W,
which is five times the minimum value of the depth of
element isclation, 200 nm.

Thus, by foxming the depression 21x in such a
menner as to reduce the thickness of the central portion
and its vicinity (the area including the plural
semiconductor chip formation regions A} while leaving the
fringe porticn of the semiconductor substrate 21 (the area
excluding the plural semiconductor chip formation regions
A), the semiconductor substrate 21c after the formation of
the depression 21x maintains sufficient rigidity.
Aecordingly, the method for manufacturing the
semiconductor device according to the first embodiment of
the present invention does not need to employ & support

having a function of supporting the semiconductor
substrate 2lc, as described in the section of Background

Art, and the semiconducteor substrate 21c with a reduced
thickness can be treated in the same manner as the
semiconductor substrate 21 before the thickness reduction.
This eliminates the need for the processes of bonding and
removing the support to/frém the semiconducteor substrate,
which processes are not usual wafer processes of a
semiconductor device. As a result, it is possible to
improve the productivity.

Next in a2 process shown in FIG. 4F, the
semiconductor substrate 1lc is bonded to the depression
2ix of the semiconducior substrate 2lc. FPirst, the
semiconductor substrate 1lc is disposed in such a manner
that the resin layer 16 formed on the surface 1lz of the
semiconductor substrate llc comes in contact with the
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bottom surface of the depression 21z of the semiconductor
substrate 2lc. Alignment marks for enabling highly
accurate positioning are provided in advance in, for
example, the scribing regions B of the semiconductor
substrates 1lec and 21lc. The positioning of the
semiconductor substrate llc may be achisved by a well-
recognized method using the alignment marks as a reference.
The aligmnment accuracy is, for example, 2 pm or less.

Note that a certain amount of gap is formed
between the lateral side of the depression 21x of the
semiconductor substrate 21c and the lateral side of the
gemiconductor substrate 1lc. In the case where both the
depression 21x of the semiconductor substrate 21c and *the
semiconductor substrate 1lc have, for sxample, a circular
shape in a planar view, the gap in the shape of a circular
ring is formed. Subsequently, while the structure shown
in FIG. 4F is being heated at, for example, 250 °C, the
semiconductor substrate llc is pressed from the surface
1lb side to thereby cause the resin layer 16 formed on the
surface lla of the semiconductor substrate llc to be
press-bonded to the bottom surface of the depression 21x
cf the semiconductor substrate 2lc. Herewith, the resin

layer 16 becomes hardened, and the semiconductor substrate
llc is bonded in the depression 21x to the semiconductor

substrate Zlc. The heating cperation may be performed at
300 °C; however, the temperature is preferably 200 °C or
less. If the operation is performed at the temperature as
high as 300 °C, stress occurs due to a difference in the
thermal expansicn, which can cause separation and/or
brezkage of the semiconductor substrates. Such separation
and breakage becomes more likely as the number of
laminated lavers Increases.

Next in a2 process shown in FIG. 45, a
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photosensitive resist £ilm 27 is formed in such a manner
as to cover the surface 2la of the semiconductor substrate
2Zc. The resist film 27 is formed, for example, by
applying a liquid resist to the surface 2la of the
gemiconductor substrate 21c. The thickness of the resist
film 27 is 10 um, for example. _

Next in a process shown in FIG, 4H, the resist
film 27 of FIG. 4G 1s exposed via a predetermined mask,
and the exposed resist film 27 is subsequently developed,

thereby forming an opening 27x in the resist film 27.
Note that for convenience of explanation, FIGs. 4H to 48

show enlarged views of a part of the structure shown in
FIG. 4G (i.e., the electrode pads 15 and 25 and their

vicinity). The reference numerals 14 and 24 of FIG. 4H
dencte insulating layers provided on the semiconductor

integrated circuits 13 and 23, respectively, which
insulating layers are not shown in FIGs. 4A to 4G. The

insulating layers 14 and 24 are made of, for example, SisN,
or 8i0;. The thickness of each of the insulating layers
14 and 24 iz in the range of, for exsmple, 0.1 um to 2.9
M oso as to achieve electrical insulation between the
semiconductor integrated circults 13 and 23.

- Next in a process shown in FIG. 4I, the via hole
21y is formed in the semiconductor substrate 21c. The via
hole 21y is formed in such a manner to penetrate the resin
layer 16 and a part of the semiconductor substrate 2lc
(the substrate body 22, the semicenductor integrated
circuit 23, the insulating layer 24 and the electrode pad
23) corresponding to the opening 27x so that the electrode
pad 15 of the semiconductor substrate 1lc is exposed. The
via hole 21y is formed by, for example, dry etching. The
via hole 21y has, for example, a circular shape in a
planar view, and has a dlameter ¢4 of, for example, 1 um
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to 30 pm. Note however that the diameter ¢4 of the via
hole Zly is preferably set to a value which allows the via
hole 21y to have an aspect ratic (= depth DI/diameter o¢4)
between 0.5 and 5 inclusive. This is because by setting
the diameter ¢4 of the via hole 21y to a2 value which
allows the via hole Zly to have an aspect ratio (= depth
Dl/diameter @4) between 0.5 and 5 inclusive, it is
possible teo achieve, for example, an improvement in the
etching speed (throughput) for forming the via hole 21y
and an improvement of the ease of forming the metal layver
3% in the wvia hole 21y.

Next in a process shown in FIG. 4J, the resist
film 27 of FIG. 4I is removed. Then, in a process shown
in FIG. 4X, an insulating layer 28 is formed in such a
manner as to cover the top surface of the insulting laver
24, the top surface and lateral side of the electrode pad
25, the wall surface of the via hele 21y and the top
gsurface of the electrode pad 15 exposed at the bottom of
the via hole 2ly. The insulating layer 28 is formed by,
for example, plasma CVD. The insulating layer 28 is made
of, for example, 313Ny or 8i0;. The thickness of the
insulating layer 28 is in the range of 0.1 wm to 2.0 um,
for example.

Next in a process shown in FIG. 4L, the

insulating layer 28 is removed, except for that formed on
the wall surface of the via hole Zly. The removal of the

insulating layer 28 is performed by, for example, RIE
(Reactive Ion Etching). In this process, only
predetermined parts of the insulating laver 28 zre removed

without using a photomask, and the process is referred to
as a self-alignment process. By the self-alignment

process, the positions of the via hole 2ly and the
electrode pad 25 are determined with accuracy. In
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addition, by using a design in which no electrode pad is
present in some part, etching is performed in the section
with no electrode pad and is continued to the eslectrode
pad of a different semiconductor substrate in the
underlying sectieon, to thereby form a via hole having a
different depith.

Next in a process shown in FIG. 4M, a metal
layer 28 is formed in such a manner as to cover the top
surface of the insulating layer Z4, the top surface and
lateral side of the electrode pad 23, the top surface of
the insulating layer 28 and the top surface of the
alectrode pad 15 exposed at the bottam of the via hole 21y.
The metal layver 29 is formed by, for example, electroless
plating, or may be formed by sputtering, CVD or the like.
As the metal layer 29, a laminated body in which & Cu

layer is disposed on a Ti layer, or a laminated body in
which a Cu layer is disposed on a Ta laver, for example,

may be usaed. In addition, a conductor which satisfies the
design criteria can be used as the buried material, and W,
Al, doped polysilicon, a carbon material such as a carbon

nanoctube, or a conductive polymer may be used in place of
Cu. In the case where the electrical insulation of the

insulating layer is sufficient, & combination with a
buried wiring using no barrier metal layer may be chosen.
Next in a process shown in FIG. 4N, a

photosensitive resist £ilm 37 is fomed in such a manner
as to cover the top surface of the metal layer 29 except
for the inside of the via hole 21ly. The resist film 37 is
formed, for example, by applying a dry £film resist to the
top surface of the metal layer 28. The thickness of the
resist film 37 is 10 um, for example. Then, in a process
shown in FIG. 40, the resist film 37 of FIG. 4N is exposed
via a predetermined mask, and the exposed resist film 37
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is subsequently developed, thereby forming an opening 37x
in the resist film 37. The opening 37x has, for example,
a circular shape in a planer view, and has a diameter g5

of, for example, 1 um to 30 um.

Next in a process shown in FIG. 4P, the metal
layer 38 is formed inside the via hole 21y and on a part
of the opening 37x shown in FIG. 40. With use of
electrolytic plating, in which the metal layer 29 is used
as a feeder layer, the metal laver 38 iz formed, for
example, by growing a plating film by precipitation in
such a manner as to £ill the inside of the wvia hole 21y
and the part of the opening 37x shown in FIG. 40. The
plating film forming the metal laver 28 is, for example, a
Cu plating film. Wext in a process shown in FIG. 40, the
resist £ilm 37 of FIG. 4P is removed.

Next in a process shown in FIG. 4R, a part of
the metal layer 29 which is not covered by the metal layer
38 is removed. The metal layer 29 may be removed by, for
example, wet etching. Next in a process shown in FIG. 4S5,
a metal layer 38 is formed in such a manner as to cover
the electrode pad 25 and the metal layer 38. The metal
layer 39 is formed, for example, by forming, on the
insulating layer 24, a resist film having an opening for
the elactrode pad 22 and the metal layer 38. Subsequently,
with use of electrolytic plating, in which the electrode
pad 25 and the metal layer 38 are used as feeder layers, a
plating film is grown by precipitation in such a manner as
tc £il1l the copening, and the resist fllm is then removed
te thereby form the metal laver 38. As the metal layer 329,
the following may be used: a laminated body in which an
AZu layer is disposed on a Ti layer, for example:; a
laminated body in which a Pd layer and an Au layer are
sequentially disposed on & NiL layer; a laminated body in
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which a Cu layer or an Al layer is disposed on a layer of
a high melting point metal, such as Co, Ta, Ti and TiN, in
place of Ni; or a damascene interconnect structure.

Next in & process shown in FIG. 4T, a fringe
portion of the semiconductor substrate 21c is removed.

The semiconductor substrate 21c affer the removal of the
fringe portion is referred to as a semiconductor substrate
2id. The removal of the fringe portion of the
semiconductor substrate 2lc is performed by grinding with
a grinder or the like in such & manner that the
semiconductor substrate 21d after the removal of the
fringe portion has, for example, a circular shape in a
planar view. In this operation, dry polishing, wet
etching or the like may also be used in combination., In
the case where the semiconductor substrate 21d after the
removal of the fringe portion has a circular shape in a
planar view, a diameter ¢6 of the semiconductor substrate
21d having a circular shape in a planar view is, for
example, 193.0 % 0.1 mm, as in the case of the diameter ¢2
of the semiconductor substrate 11lc¢ having & circular shape
in a planar view.

Next, after a resin layer 26 is formed on the
surface 2Z2la of the semiconductor substrate 21d, the
semiconductor substrate 31 is prepared, which has a
configuration the same as that of the semiconductor
substrate 11 of FlGs. 47 and 4B. Then, the processes of
FIGs. 4E to 4T are repeated. The same processes are
repeated for semiconductor substrates 41 to 71. TLastly,
the external comnection terminals 91 are formed by a well-
recognized method. When the external connection terminals
81 are formed, a Ni layer, for sxample, is formed as the

metal layer 39. Then, the scolder mask layer 76 having the
openings 76x which expose the Ni laver is formed, and the
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external comnection terminals 81 are formed on the Ni
layer exposed inside the openings 76x.

The external connection termminals 91 are
provided to electrically connect the semiconductor device
10 and a wiring substrate or the like provided ocutside the
semiconductor device 10. As the external connection
terminals 91, solder balls, Au bumps, a conduchtive paste
or the like may be used. 1In the case when solder balls
are used as the externmal connection terminals 91, an alloy
containing Pk, an alloy of 8n and Cu, an alloy of Sn and
Ag, an alloy of Sn, Ag and Cu cor the like may be used as a
material of the external connection terminals 81.

In this mannex, the semiconductor device 10 of
FIG. 3 is manufactured. The semiconductor device 10 is
cut into individual pisces at the cutting positions C
using a dicing blade or the like to thereby form final
products.

According to the first smhodiment of the present
invention, a f£irst semiconductor substrate is prepared, in
which only the fringe portion is removed (reduction in the
diameter) without thickness reduction. Also, a second
seml.conductor substrate is prepared, in which a depression
is formed in such a manner as to reduce the thickness of
the central portion and its vicinity while leaving the
fringe portion. Then, the depression of the second
substrate is bonded to the first semiconductor substrate,
and via holes are formed In such a manner as to penetrate
the second semiconductor substrate with & reduced
thickness, and electrode pads of each semiconductor chip
of the first and second semiconducteor substrates are
electrically connected to each cother via metal layers
formed in the via holes, Then, the fringe porticon of the
second semiconductor substrate is removed. Furthermore,
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in the same manner with the second ssmiconductor, a thizd
semiconductor substrate 1s prepared, in which a depression
is formed to reduce the thickness of the central portion
and 1ts vieinity while leaving the fringe portion. Then,
the dEPression of the third substrate is bonded to the
second semiconductor substrate, and via holes are formed
in such a manner as to penetrate the third semiconductor
substrate with & reduced thickness, and electrode pads of
each semiconductor chip of the second and third
semiconductor substrates are electrically connected o
each other via metal lavers formed in the via holes. Then,
the frings portion of the third semiconductor substrate 1s
removad.

By repeating such processes, 1t is possible o
dispose plural semiconductor subsirates one above the
other and connect semiconductor chips, each of which
constitutes a different semiconductor substrate, in such a
manner as to enable signal transmissicn. This process
flow elininates the need for the processes of bonding and
removing a support to/from the semiconductor substrate,
which processes are not usual wafer process of a

semiconductor device, and it is therefore possible to
provide a semiconductor device manufacturing method with

high productivity, capable of reducing the manufacturing
costs. Note that in the case when the dismeter of the
prepared firsi semiconductor substrate is smaller than the
diameter of the botiom surface of the depression in the
gecond semiconductor, the vertical wiring system according
to the present invention is applicable without the removal
of the fringe portion of the first semiconductor substrate.
In addition, according to the first embodiment
of the present invention, a process of forming a bum on
sach via hole when the semiconductor substrates are bonded
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to one another is not necessary, and it is therafore
possible to provide a semiconductor device manufacturing
mathod with high productivity, capable of reducing the
manufacturing costs,

In addition, according to the first embodiment
of the present invention, semiconductor substrates are
bonded to one another in such & manner that a surface of
one of the semiconductor substrates, on which surface a
semiconductor integrated circult ls formed, opposes a
surface of the other semiconductor substrate, on which
surface a semiconductor integrated circuit is not formed.
Accordingly, by simply repeating the same processes, three
or more semiconductor substrates can be disposed one above
the other, and it is therefores possible to provide a
semiconducter device manufacturing method with high
productivity, capable of reducing the manufacturing costs.

In addition, according to the first embodlment
of the present invention, the via holas are formed, within
the semiconductor substrate, only in a part having a
reduced thickness. This eliminates the need for creating
deep via holes, and therefore causes neither an increase
in the time required for the heole-formmation of the via

holes and the metal layer ferming process nor an increase
in the number of materials reqguired for these processes,

which results in preventing an increase in the cost of
manufacturing the semiconductor device.

In addition, accerding to the first embodiment
of the present invention, since the via holes are formed
after the thickness of the semiconductor substrate is
reduced to a great extent, it is possible to reduce the
variation in the dizmeter of the end pertions of the via
holes even when the size or density of the via holes are
changed. BAs a result, the variation in the resistance of
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the electrical connections is reduced, and thus, the
reliability of the semiconducter device is improved.
[Modification of First Embodiment]

The first embodiment describes an example in
which, by forming the depression 21lx in such a manner as
to reduce the thickness of the central peortion and its
vicinity (the area including the plural semiconductor chip
formation regicns A) while leaving the fringe portien of
the semiconductor substrate 21 (the area excluding the
plural semiconductor chip formation regions A), the
semiconductor substrate 21lc after the formation of the
depression 21x maintains sufficient rigidity. Howaver,
the thickness reduction may be performed on the entire
surface 21b of the semiconductor substrate 21 without the
formation of the depression 21x. In this case, the
following manufacturing processes can be adopted.

FIGs. 5A to 5D 1llustrate a manufacturing
process f£low of a semiconductor device according to a
modification of the first embodiment of the present
invention. In FIGs. 3B to 5D, the same reference numerals
are given te the components which are common to the
samiconductor device 10 shown in FIG. 3, and their
explanations may be omitted.

First, the semiconductor substrate 11 shown in
FIGs. 42 and 4B is prepared. Next in a process shown in
FIG. 5A, the resin layer 16 is formed on the surface 1lz
of the semiconductor substrate 11 without removing the
fringe portion 1lx of the semiconductor substrate 11. At
this point, in the same manner as in the process of FIG.
4D, it is preferzble that, when the surface 11b of the
semiconductor substrate 1lc 1s used as a reference plane,
the variation in the height El of the surface 16a of the
resin layer 16 with respect te the reference plane is
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preferably 1 pm or less. Accordingly, it is preferable to
have a process of checking the variation in the height i
after the formation of the resin layer 16. In the case
where the variation in the height H1 is more than 1 pm, it
is preferable to have a process of adiusting the surface
lea of the resin layer 16 to make the variation in the
height HI within 1 um. The surface 16a of the resin laver
16 may be processed by, for example, a CMP method.

When n semiconductor substrates have already
been disposed one above the other and a resin layer is
then formed on the topmost (the n™ layer) semiconductor
substrate, the back surface of the bottom semiceonductor
substrate (the surface on which no devices are formed) is
used as a reference plane. In this case, it is preferable
that the tep surface of the resin layer be parallel to the
raference plane. Note that being parallel in this case
means that the variation in the height of the top surface
of the resin laver with respect to the reference plane is
(1 *x n) um or less. That i1s, as described above, in the
case when a resin layer is formed on a single
semiconductor substrate, the variation in the height of
the top surface of the resin laver with respect to the
rafarence plane is preferably 1 » 1 = 1 pum or less, and in
the case when a resin laver is formed on semiconductor
substrates of, for example, ten layers, the variation in
the height of the top surface of the resin layer with
respect to the reference plane is preferably 1 x 10 = 10
um or less.

Next in a process shown in FIG. 5B, the
semiconductor substrate 21 is prepared, which has a
confilguration the same as that of the semiconductor
substrate 11 of FIGs. 4A and 4B. Then, an adhesion layer
86 is formed on the surface 2la of the semiconductor
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substrate 21, and a support 97 is bonded (temporarily
bonded) te the adhesion layer 96. As the support 97, it
is preferable to use a substrate which transmits light
when alignment is performed, and & silica glass substrate,
for example, may be used. As the adhesion layer 96, an
adhesive agent may be used which turns soft at a heating
temperature used in a progcess of FIG. 5D (i.e., an
adhesive agent which becomes soft at about 200 °C or less).
to be described below. The adhesion laver 86 is formed on
the surface 2la of the semiconductor substrate 21 by spin-
coating, for examplie. The adhesion layer 96 may be Formed
on the surface 2la of the semiconductor substrate 21 by
attaching a2 film-type adhesive instead of by spin-coating.
Next in a process shown in FIG. 5C, thickness
reduction is performed on the entire surface 21b of the
semiconductor substrate 21. The semiconductor substrate
21 after the thickness reduction is referred to as the
semiconductor substrate Z2lc. The thickness reduction is
achieved, for example, by grinding the surface 21b of the
semiconductor substrate 21 using a grimder or the like.
In this operation, dry polishing, wet etching or the like
may also he used in combination. The thickness T3 of the
semiconductor substrate 2lc with a reduced thickness is in
the range of zbout 1 ym to about 100 uym, for example;
however, in terms of strength, the thickness T3 is
preferably in the range of about 10 um to about 50 um.
This is because setting the thickness T3 of the area with
a reduced thickness to about 10 um to about 50 um reduces
breakage due to mechanical vibratlons or the like and
stress exerted on the semiconductor chips. The support 97
has a function of supporting the semiconductor substrate
21lc having reduced rigidity after the thickness reduction.
The reascn why the thickness T3 of the semiconductor
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substrate 21c with a reduced thickness has to be 1 ym or
more 1s as described above.

Next in a process shown in FIG. 5D, the
samiconductor substrate 21c having the support 37 is
disposed on the semiconductor substrate 11 in such a

manner that the surface 16z of the resin laver 16 which
has been formed on the surface 1lla of the semiconductor

substrate 11 comes in contact with the surface 21b of the
semiconductor substrate 21c. Alignment marks for enabling
highly accurate positioning are provided in advance in,
for example, the scribing regions B of the semiconductor
substrates 11 and 21c. The positioning of the
semiconductor substrate Z21lc having the support 87 onto the
semiconductor substrate 11 may be achleved by a well-
recognized method using the aligrment marks as a reference.

The alignment accuracy is, for ewample, 2 um or less.
Subsequently, while being heated at, for example, 250 °C,

the structure shown in FIG. 5D is pressed from the support
97 side to thereby cause the surface 16a of the resin
layer 16 formed on the surface lla of the semiconductor
substrate 11 to be press-bonded o the surface 21b of the
semiconductor substrate Zlc. Herewith, the resin layer 16
becomes hardened, and the semiconductor substrate 11 is
bonded teo the surface Z1b of the semiconductor substrate
2lc. The heating operation may be performed at 300 °C;
howaver, the temperature is preferably 200 °C or less. If
the operaticen is performed at the femperature as high as
300 °C, stress occurs due to a difference in the thermal
expansion, which can cause separation and/or breakage of
the semiconductor substrates. Such separation and
breakage becomes more likely as the number of laminated
layers increases. Note that since the adhesion layer 96
iz mads of an adhesive agent which turns soft at a heating
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temperature used in the process of FIG. 5D (i.e., an
adhesive agent which becomes soft at about 200 °C or less),

the support 87 is readily removed after the semiconductor
substrates 11 and 2lc are bonded to each other.

Next, the photosensitive resist £ilm 27 is
formed in such a manner as to cover the surface 21a of the
semiconductor substrate Zlc in the same manner as in the
process of FIG. 4G of the first embodiment. The rasist
film 27 is formed, for example, by applying a liquid
resist to the surface 21la of the semiconductor substrate
2lc,  The thickness of the resist f£ilm 27 is 10 um, for
example., Subseguently, processes the same as those of
FIGs. 48 to 47 according to the first embodiment are
performad.

Naxt, after the resin layer 26 is formed on the
surface 2la of the semiconductor substrate 21d, the
semiconductor substrate 31 is prepared, which has a
configuration the same as that of the semlconductor
substrate 11 of FlGs. 438 and 4B. Then, the above-
described processes and the processes of FIGs. 4H to 4T
are repeated. The same processes are repeated for the
samiconductor substrates 41 to 71. Lastly, the external
connection terminals 81 are formed by a well-recognized
method. When the external connectlon terminals 81 are
formed, a Ni layer, for example, 1s formed as the metal
layer 32. Then, the solder mask layer 76 having the
openings 76x which expose the Ni layer is formed, and the
external connecticn terminals 21 are formed in the
openings 76x where the Ni layer is exposed, to thereby
manufacture a semiconductor device egquivalent to the
semiconductor device 10 of FIG. 3. Note however that in

the manufactured semiconductor device, the f£ringe portion
of each of the semiconductor substrates disposed one above
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the other is not removed. The manufactured semiconductor
device is cut into individual pieces at the cutting
positions C using a dicing blade or the like to thereby
form final products.

Aecording to the modification of the first
embodiment of the present invention, a first semiconductor
substrate, on which thickness reduction is not performed,
is prepared. Also, a second semiconductor, on which
thickness reduction has been performed, is prepared. Then,
the second substrate is bonded to the first semiconductor
substrate, and via holes are formed in such & manner as to
penetrate the second semiconductor substrate with a
reduced thickness, and electrode pads of each
semiconductor chip of the first and second semiconductor
substrates are electrically connected to each other via
metal layers formed in the via holes. Furthermore, a

third semiconductor substrate with 2 reduced thickness is
prepared. Then, the third substrate is bonded to the

second semiconductor substrate, and via holes are formed
in such a manner as to penetrate the third semiconductor

substrate with a reduced thickness, and electrode pads of
each semiconductor chip of the second and third
semiconductor substrates are electrically connected to
each other via metal layers formed in the via holes.

By repeating such processes, it is possible to
dispose plural semiconductor substrates one above the
other and connect semiconductor chips, each of which
constitutes a2 different semiconductor substrate, in such a

manner as to enable signal transmission. This process
flow eliminates the need for the process of forming a bump

on each via hole when the semiconductor substrates are
bonded to one another, and it is therefore possible to
provide a semiconductor device mamifacturing method with
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high productivity, capable of reducing the manufacturing
costs.

In additien, according to the modification of
the first embodiment of the present invention,
samiconducteor substrates are bonded to cne another in such
a manner that a surface of one of the semiconductor
substrates, on which surface a semiconductor integrated
circult is formed, opposes a surface of the other
semiconductor substrate, on which surface a zemiconductor
integrated circuit is not formed. Accordingly, by simply
repeating the same processes, three or more semiconductor
substrates can be disposed one above the other, and it is
therefore possible to provide a semiconductor device
manufacturing method with high productivity, capable of
reducing the manufacturing costs.

In addition, according to the modification of
the first embodiment of the present invention, the via
holes are formed, within the semiconductor substrate, only

in a part having a reduced thickness. This eliminates the
need for creating deep via holes, and therefore causes
neither an increase in the time required for the hole-
Zormation of the via holes and the metal layer forming
process nor an increase in the number of materials
required for these processes, which resulls in preventing
an increase in the cost of manufacturlng the semiconductor
device.

In additicen, according to the modification of
the first embodiment ¢f the present invention, since the
via holes are formed after the thickness of the

semiconductor substrate is reduced to a great extent, it
is possible to reduce the variation in the diameter of the

end portions of the via holes even when the size or
density of the via holes are changed. BAs a result, the
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varlation in the resistance of the electrical connections
is reduced, and thus, the reliability of the semiconductor
device is improved. '
[Second Embodiment]

{Configuration Of Semiconductor Device According To Second
Embodiment Of The Present Invention]

First is described the configuration of a
semiconductor device according to a second embodiment of
the present Iinvertion. FIG. 6 is a c¢ross—secticnal view
illustrating a semiconductor device according to the
second enbodiment of the present invention. In FIG. 6,
the same reference numerals are given fto the components
which are common to those in FIG. 3, and their
explanations may be omitted. A semiconductor device 10R
according to the second embodiment of the present
invention has the same configuration as that of the
semiconductor device 10 according to the first embodiment
of the present invention, except That the number of via
holes and metal layers connecting metal pads of adjacent
samiconductor substrates is four, instead of one in the
first embodiment.

In FIG. &, the reference numerals 2lz to 7iz
denote vies holes, and the reference numerals 38a to BBa
denote metal layers formed in the via holes 21z to 7lz.
Four via holes and four metal layers are provided for sach
metal pad in each semiconductor substrate.

Thus, by providing plural via holes and metal
layers for each metal pad, it is possible to improve the
reliability of the connection betwesn metal pads. In
addition, if a metal pad is not provided for a
semiconductor substrate disposed ifmmediately below, via
heoles and metal layers can be provided for a ssmiconductor
substrate at one or more layers below. In this system,
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the same electrical signal or a different electrical
signal can be connscted to a desired semiconductor
substrate. In addition, since each via hole has a3 smaller
diamster, it is possible to reduce the time required for
the process of providing the via holes and metal layers.
Note that the pumber of via holes and metal layers
provided for each metal pad may be two, three, five or
more.
[Processes For Manufacturing Semiconductor Device
According To Second Exbodiment Of The Present Invention]

Next is described a manufacturing process flow
of the semiconductor device according to the second
embodiment. of the present invention. FIGs. 7A to 7F
illustrate the manufacturing process flow of the
semiconductor device according to the second embodiment of
the present invention. In FIGs. 7A to 7F, the same
reference numerals are given to the components which are
cormmon to the semiconductor device 10A shown in FIG. 6,
and their explanations may be omitted. Alsc,
manufacturing processes similar to those of the
semiconductor device according to the Ffirst embodiment of
the present invention may be omitted.

First, processes the zame as those of FIGs. 42
to 4G are performed. Next in a process shown in FIGs. 72
and 7B, the resist film 27 of FIG. 4G is exposed via a
predetermined mask, and the exposed resist f£ilm 27 is
subseguently developed, thereby forming openings 27v in
the resist film 27. FIG. 7A is a2 cross-sectiocnal view,
and FIG. 7B is a plan view. Note that for convenience of
explanation, FIGs. 7A to 7F show enlarged views of a part
of the structure shown in FIG. 4G (i.e., the electrode
bads 15 and Z5 and their wvicinity).

Next in a process shown in FIG. 7C, the via
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noles 21z are formed in the semiconductor substrate 21c.
The via holes 21z are formed in such a manner to penetrate
the resin layer 16 and parts of the semiconductor
substrate 21c (the substrate body 22, the semiconductor
integrated cizcult 23, the Insulating layer 24 and the
electrode pad 25) corresponding te the openings 27y so
that the electrode pad 15 of the semiconductor substrate
lic is exposed. The via holes 21z are formed by, for
example, dry etching. Each of the via heles 21z has, for
example, a circular shape in a planar view, and has a
diameter ¢7 of, for example, 1 um to 10 ym. Note however
that the diameter o7 of sach of the via holes 21z is

preferably set to a value which allows the via hole 21z to
have an aspect ratlio (= depth D2/diameter ¢7) between 0.5

and 5 inclusive. This is because by setting the diameter
©7 of the via hole 21z to a value which allows the via
hole Zlz to have an aspect ratioc (= depth D2/diameter ¢7)
between 0.5 and 5 inclusive, it is possible to achieve,
for example, an improvement in the etching speed
(throughput) for forming the via hole 21z and an
improvement of the ease of forming the metal layer 38a in
the via heole 21z.

Next in a process shown in FIG. 70, the resist
film 27 of FIG. 7C is removed. Then, processes the same
as those of FIGs. 4X to 4Q are performed, to thereby form
the metal layers 3f8a in the via holes 21z as shown in FIG.
TE. Next, a part of the metal layer 29 which is not
covered by the metal layexrs 38a is removed by, for example,
wet etching, and then the metal laver 38 is formed in such
a manner as to cover the electrode pad 25 and the metal
layers 38a, as shown in FIG. 7F. The metal layer 39 is
formed, for example, by forming, on the insulating layer
24, a resist film having an opening for the electrode pad
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25 and the metal layers 38a. Subsequently, with use of
electrolytic plating, in which the electrode pad 25 and
the metal layers 38a are used as feeder layers, a plating
film is grown by precipitation in such a menner as to fill
the opening, and the resist film is then removed to
thereby form the metal lavyer 39.

Subseguently, by repeating precasses'the same as
these of the first embodiment, the semiconducter device
10A of FIG. € is manufactured. The semiconductor device
102 is cut into individual pieces at the cutting positions
C using a dicing blade or the like to thereby form final
products.

According to the second embodiment of the
present inventicon, the same effect as in the first

embodiment can be achieved. In addition, since each via
hole has a smaller diameter, it is possible to reduce the
time reguired for the process of providing the via holes
and metal layers. Also, by providing plural wvia holes and
matal layers for each metal pad, it is possible to improve
the reliability of the connection between metal pads.
[Third Exbodiment)

[Configuration Of Semiconductor Device Agcording To Third
Embodiment Of The Present Invention]

First is described the configuration of a
semiconductor device according to a third embodiment of
the present invention. FIG. B is a cross-sectlonal view
illustrating a semiconductor device according te the third
embodiment of the present invention. In FIG. 8, the same

refersnce numerals are given to the components which are
common to those in FIG. 6, and thelr explanations may be

cmitted, A semiconductor device 10B according to the
third embodiment ¢of the present invention has the same
configuraticn as that of the semiconducter device 10A
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according to the second embodiment of the present
invention, except that one metal pad is provided for each
via hole and metal layer, instead of providing one metal
pad for four via holes and four metal layers in the
semiconducter device 10A according to the sscond
embodiment of the present invention.

In FIG. 8, the reference numerals 15a, 15b~75a
and 75b denote metal pads. One metal pad is provided for
gach set of a via hole and metal layer.

Thus, by providing one metal pad for sach set of
a via hole and metal layer, it 1is possible to improve the
reliability of the connection between metal pads, as in
the case of the second embodiment, when the same signal is
assigned to adjacent metal pads. In addition, in the case
where different signals are respectively assigned to
adijacent metal pads, it is pessible to improve the
flexibility of the wiring design.

[Processes For Manufacturing Semiconductor Device
According To Third Embodiment Of The Present Invention]

Next 1s described a manufacturing process flow
of the semiconductor device according to the third
embodiment of the present inventicn. FIGs. 94 o 98
illustrate the manufacturing process flow of the
semiconductor device according to the third embodiment of
the present invention. In FIGs. 9A to 9F, the same
reference numerals are given to the components which are
common to the semiconductor device 10B shown in FIG. §,
and their explanations may be omitted. Also,
manufacturing processes similar to those of the
semiconductor devices according to the first and second
embodiments of the preseni invention may be omitted.

First, processes the same as those of FIGs. 44
to 4G are perfermed. Next in a process shown in FlGs. 9A



10

15

20

25

30

~4T

and 9B, the resist film 27 of FIG. 4G is exposed via a
predetermined mask, and the exposed resist film 27 is
subsequently developed, thereby forming openings 27y in
the resist film 27. FIG. %A is a cross—sectional view,
and FIG. 9B is a plan view. Note that for convenience of
explanation, FIGs. SA to 2F show enlarged views of a Dart
of the structure shown in FIG. 4G (i.e., the electrods
pads 15 and 25 and their vicinity).

Next in a process shown in FIG. 9C, the via
holes 2iz are formed in the semiconductor substrate 2lc.
The via holes Zlz are formed in such a manner to penetrate
the resin layer 16 and parts of the semiconductor
substrate Zlc (the substrate body 22, the semiconductor
integrated circuit 23, the insulating layer 24 and the
electrode pad 25) corresponding to the openings 27y so
that elactrode pads 152 and 15b of the semiconductor
substrate 11¢ are exposed. The via holes 21z are formed
by, for example, dry etching. Each of the via holes 21z
has, for example, a cilrcular shape in a planar view, and
has the diameter ¢7 of, for example, 1 um to 10 um. Note
however that the diameter ¢7 of each of the via holes 21z
is preferably set to a value which allows the via hole 21z

to have an aspect ratic (= depth D2/diameter ¢7) between
0.5 anct 5 inclusive. This i1s because by setting the

diameter 97 of the viz hole 21z to a values which allows
the via hole 21z to have an aspect ratio (= depth
D2/diameter ©7) between 0.5 and 5 inclusive, it is
possible to achieve, for example, an improvement in the

etching speed (throughput) for forming the via hole 21z
and an improvement of the ease of filling the metal layer

38b in the via hole 21z.
Next in a pxocess shown in FIG. 90, the resist
film 27 of FIG. 8C iz removed. Then, processes the same
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as those of FlGs. 4K to 40 are performed, to thereby form
the metal layers 38k in the viza holes 21z as shown in FIG.
8E. Next, parts of the metal laver 2¢ which are not
covered by the metal lavers 38h are removed by, for
example, wet etching, and then metal layers 3% are formed
in such a manner as te cover the electrode pads 25 and the
metal layers 38k, as shown in FIG. SF. The metal layers
3%a are foxmed, for example, by forming, on the insulating
layer 24, a resist film having openings for the electrode
pads 25 and the metal layers 38b. Subsequently, with use
of electrolytic plating, in which the electrode pads 25
and the metal layers 38b are used as feeder layers, a
plating film is grown by precipitetion in such a manner as
to £i1ll the copeningsz, the resist film 1s then removed to
thereby form the metal lavers 3%a.

Subsequently, by repeating processes the game as

those of the first enmbodiment, the semiconductor device
10B of FIG. 8 i®m manufactured. The semiconductor device

10B is cut into individual pleces at the cutting positions
C using a dicing blade or the like fo thereby form final
products.

According to the third embodiment of the present
invention, the same effect as in the first embodiment can
be achieved. In addition, in the case when the same
signal is assigned to adjacent metal pads, it is possible
to improve the relisbility of the connection between metal
pads. On the cother hand, in the case where different
signals are respectively assigned to adjacent metal pads,
it is possible to improve the flexibllity of the wiring
design.

[Fourth Embodiment]
[Configuration Of Semiconductor Device According To Fourth
Embodiment Gf The Present Invention]



10

15

20

25

30

G

First is described the configuration of a
gemiconductor device according to a fourth embodiment of
the present inventicn. FIG. 10 1s a cross-secticnal view
illustrating a semiconductor device according to the
fourth embodiment of the present invention. In FIG. 10,
the same reference numerals are given to the components
wnich are common to theose in FIG. 8, and their
explanations may be omitted. A semiconductor device 10C
according te the fourth ambodiment of the present
invention has the same configuration as that of the
semiconductor device 10B according to the third embodiment
of the present invention, except that some of the via
holes are not provided with a metal pad, and that
semiconductor substrates on which metal pads are provided
are directly connected to each other by via holes and
metal layers, whereas all positions corresponding to via
heles in every semiconductor substrate are provided with a
metal pad in the semiconductor device 10B according to the
third embodiment of the present invention.

Thus, by providing metal pads for only some of
the semicondustor substrates, semiconductor substrates not
adjacent to each other can be directly connected by via
holes and metal layers, which results in an increase in
the flexibility of the wiring design.

[Processes For Manufacturing Semiconductor Device
Acocording To Fourth Embodiment Of The Present Invention]

Next is described a menufacturing process flow
of the semiconducter device according to the fourth
embodiment of the present invention. FIGs. 11A to 11H
illustrate the manufacturing precess flow of the
semiconductor device according to the fourth embodiment of
the present invention. In FIGs. 11A to 11H, the same
reference numerals are given to the components which are
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common to the semiconductor device 10C shown in FIG. 10,
and their explanations may be omitted. Also,
manufacturing processes similar to those of the
semiconductor devices according to the first to third
embodiments of the present invention may be omitted.

First, processes the same as those of FIGs. 4A
to 4G are performed. Next in a process shown iIn FlGs. 1la
and 11B, the resist film 27 of FIG. 4G 1s exposed via 2
predetermined mask, and the exposed resist film 27 is
subsequently developed, theraeby forming openings 272 in
the resist film 27. FIG. 1lA is a cross—sectional view,
and FIG. 11B is a plan view. Note that for convenierncs of
explanation, FIGs. 11A to 11H show enlarged views of a
part of the structure shows in FIG. 4G (i.e., the
electrode pads 15 and 25 and their vicinity).

Next in a process shown in FIG. 11C, the via
holes 21z are formed in the semiconductor substrate 21c.
The via holes 21z are formed in such a manner to penstrate
the resin layer 16 and parts of the samiconductor
substrate 21c (the substrate body 22, the semiconductor
integrated circuit 23, the insulating layer 24 and the
electrode pad 23) corresponding to the openings 27z so
that electrode pads 15a and 15b of the semiconductor
substrate 1lc are exposed. The via holes 21z are formed
by, for example, dry etching. Each of the via holes 21z
has, for example, a circular shape in a planar view, and
has the diameter ¢7 of, for example, 1 um te 10 um. Note

“however that the diameter ¢7 of each of the via holezs 21z

is preferably set to a value which zllows the via hole 21z
Lo have an aspect ratio (= depth DZ/diameter ¢7) between
0.5 and 5 inclusive. This is because by setting the

. diameter ¢7 of the via hole 21z to a value which allows

the via hole 21z to have an aspect ratio {= depth
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D2/diametexr ¢7) between 0.5 and 5 inclusive, it is
pessible to achleve, for example, an improvement in the
stching speed (throughput) for forming the via hole 21z
and an iImprovement of the ease of foxming the metal layer

" 38b in the via hole 21z.

Next in a process shown in FIG. 11D, the resist
film 27 of FIG. 11C 1s removed. Then, after processes the
same a5 those of FIGs. 4K to 4L are performed, the metal
layer 22 is formed in such a manner as to cover the top
surface of the insulating layer 24, the top surface and
lateral side of the electrode pad 25, the top surface of
the insulating layer 28 and the top surfaces of the
electrode pads 15a and 15b exposed at the bottom of the
via holes 2lz. The metal layer 29 is formed by, for
exarple, electroless plating, or may be formed by
sputtering, CVD or the like. As the metal layesr 29, a
laminated body in which & Cu lzyer is disposed on a Ti
layer, or a laminated bedy in which a Cu layer is disposed
on a Ta layer, for example, may he used. In addition, a
conductor which satisfies the design criteria can be used
as the buried material, and W, Al, doped polysilicon, a
carbon material such as a carbon nanotube, or a conductive
polymer may be used in place of Cu. In the case where the
electrical insulation of the insulating layer is
sufficient, a ceombination with a buried wizing using no
barrier metal layer may be chosen.

Next in & process shown in FIG. 11F, the
photosensitive resist film 37 is formed in such a manner
as to cover the top surface of the metal laver 29 except
for the inside of the via holes 21z. The resist film 37
iz formed, for example, by applying a dry £ilm resist to
the top surface of the metal layer 29. The thickness of
the resist film 37 is 10 um, for example. Then, the
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resist film 37 is exposed via a predetermined mask and
subsequently developed, thereby forming an opening 37y in
the resist film 37. The opening 37y is formed only on a
via hole Z2iz corresponding to a section at which the
electrode pad 25 has been formed,

Next, in the same manner as in the processes of
FIGs. 4F to 4R, a part of the metal layer 29 which is not
covered by the metal layver 38b is removed as shown in FIG.
11G. Next in a process shown in FIG. 11H, the metal layer
3% ls formed in such a manner as to cover the electrode
pac 25 and the metal layer 38b. The metal layer 3%a is
formed, for example, by forming, on the insulating layer
24, a resist film having an cpening for the electrode pad
25 and the metal layer 38b. Subseguently, with use of
electrolytic plating, in which the elsctrode pad 25 and
the metal layer 38b are used as feeder layers, a plating
film is grown by precipitation in such a manner as to f£ill
the opening, and the resist film is then removed to
tharsby form the metal layer 3%a.

Subsequently, by repeating procssses the same as
those of the first embodiment, the semiconductor device
10C of FIG. 10 is manufactured. WNote that via holes with

no metal-layer filling are filled with a metal layer in
the same manner as in the first embodiment after a

semiconductor substrate having electrode pads is disposed
thereon. The semiconductor device 10C is cut into
individual pleces at the cutting positions € using a
dicing blade or the like to thereby form final products.

Note that positions to be and not to be provided
with a metal pad can be decided arbitrarily, and it is not
limited to the case illustrated in FIG. 10.

According to the fourth ambodiment of the
pressnt invention, the same affect as in the first
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embodiment can be achieved. In addition, by not providing
metal pads for some of the via holes in all the
gemiconductor substrates, semiconductor substrates not
adjacent to each other can be directly connected by via
holes and metal layers, which results in the flexibility
of the wiring design.

[Fifth Embodiment]

The first to fourth embodiments illustrate and
describe methods of manufacturing a semiconductor device
for disposing plural semiconductor substrates having
semiconductor chips cne above the other and connecting
semiconductor chips, each of which constitutes a different
semiconductor substrate, in such a manner as to enable
signal transmission. However, not all the substrates to
be disposed one above the other have to be a semiconductor
substrate having semiconductor chips, and a structure
laver having no semiconductor chips may alse be included.
Accordingly, a fifth embodiment of the present invention
illustrates and describes a method of manufacturing a
semiconductor device including a structure layer having no
semiconductor chips. Here, the structure layer means a
set of layers having no semiconductor chips, which sat
includes a silicon substrate, a metal layer, an insulating
layer and the like. ’

[Configuration Of Semiconductor Device BAccording To Fifth
Embodiment Of The Present Invention]

First is described the configuration of a
semiconductor device according to the fifth embodiment of

the present invention. FIG. 12 is a cross-sectional view
iliustrating the semicondoctor device according to the
fifth embodiment of the present invention. In FIG. 12,
the same reference numerals are given to the components
which are common to those in FIG. 3, and thsir
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explanations may be omitted. 24 semiconductor device 10D
according to the I{ifth embodiment of the present invention
has the same configuration as that of the semiconductor
device 10 of FIG. 3 according to the first embodiment of
the present lnvention, except that a structure layer 81
and a resin layer 86 are provided between the resin layer
66 and the semiconducter substrate 7lc of the
semiconductor device 10.

In the semiconductor device 10D of FIG. 12, the
structure layer 81 1ls disposed on the semiconductor
substrate €lc via the resin laver 66, and the
semiconductor substrate 7lc is disposed on the structure
layer 81 via the resin layer 86. The structure layer 81
iz provided with, for example, via holes (not shown) and
metal layers (not shown) for electrically connecting the
semliconductor substrates €lc and 71. The resin laver 8§
may be made of the same material as that of the resin
layer 16 or the like.

The structure laysr 81 includes a silicon
substrate 8lc having no semiconductor chips, an insulating
£ilm 81d and grooves Blx. The grooves Blx are providad,
in the silicon substrate 8lc, on the semiconductor

substrate 71¢ side, and the Iinsulating film 8ld made, for
example, of SiN; or 5i0; is formed on the surface of the

silicon gubstrate 8lc including the grooves 81lx. The
silicon substrate 8lc is insulated from the adjacent
semiconductor substrate 71c by the insulating £ilm 8ld.
In the grocves 8lx, a cocling medium, such as water and
ethanol, is supplied, and the grooves 8lx function as
refrigerant f£low paths. The shape and positions of the
grooves 8lx may be determined arbitrarily.

Thus, substrates to be disposed in the
semiconductor device are not limited to semiconductor



15

20

25

M55m

substrates having semiconductor chips, and a structure
layer with no semiconductor chips may also be included.
By including, for example, a silicon substrate having
refrigerant flow paths in the structure layer to be
disposed in the semiconductor device, it is possible to
cause the semiconducteor device to have a cooling function
for transferring heat generated by semiconductor
substrates. It is especially effective if the structure
layer having a cooling functicn is provided adjacent to =
semiconductor substrate Ilncluding a device generating a
large amount of heat, such as a CPU. Note that the
semiconductor device may include plural structure layers
having no semiconductor chips.

[Processes For Manufacturing Semiconductor Device
According To Fifth Embodiment Of The Present Invention]

Next is described a manufacturing process flow
of the semiconductor device according to the f£ifth
embodiment of the present invention.

o First, the structure layver 81 is prepared.
Specifically, the silicon substrate 8lc is processed to

have a predetermined outer diameter, and the grooves B8lx
are formed on one surface of the silicon substrate 8le.
The grooves 8lx are formed by, for example, DRIE (Desp
Reactive Ton Etching). Then, the insulating film 81d is
formed on the surface of the silicon substrate 8lc, on
which surface the grooves 8lx have been formed. The
insulating film 8ld is formed by, for example, plasma CVD.
According to these processes, the structure layer 8Ll is
conpleted.

Next, in processes the same as those of FIGs. 42
to 47T, the semiconductor substrates 1lc-6le, the resin
layer 66, the structure layer 81, the resin layer 86 and
the semiconductor substrate 7lc are sequentially disposed
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one above the other, and then via holes, metal layers and
the like are formed, to thereby complete the semiconductor

device 10D.

Thus, the above illustrates and describss the
method of manufacturing the semiconductor device having a
structure layer which includes a silicon substrate having
no semicenductor chips; however, the structure layer may
include, in addition to the silicon substrate having no
semiconductor chips, a metal layer made of Cu or the like
and an insulating layer made of an epoxy resin, or may
have a structure having a MEMS device. Examples of such a
MEMS device incliude pressure sensors and acceleration
SENsors.

According to the fifth embodiment of the prasent
invention, the same effect as in the first embodiment can
be achieved. In addition, by providing the structure
layer having no semiconductor chips in the semiconductor
device, it is possible to achieve, for example, a cooling
function for transferring heat generated by semiconductor
substrates.

[5ixth Fmbodiment]

The first to fourth embodiments illustrate and
describe methods of manufacturing a semlconductor device
(WOW) for disposing plural semiconducter substrates having
semiconductor chips one above the other and connecting
samiconductor chips, each of which constitutes a ddfferent
semiconductor substrate, in such a manner as to enable
signal transmission. The fifth embodiment illustrates and
describes a method of manufacturing a semiconductor device
including a structure layer having no semicenductor chips.
Next, a sixth embodiment illustrates and deszscribes the
entire manufacturing process flow of a semiconductor
device, including WOW processes and widely-recognized
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semiconductor device manufacturing processes (so-called
FEQOL and BEOL).

F1G. 13 is a flowchart showing an example of the
entire manufacturing process flow of a semiconducter
device, including WOW processes and widely-recognized
semiconductor device manufacturing processes. With
reference to FPIG. 13, first in z process of “oxidakion”
(511), an oxide film is formed on the surface of a
semiconductor substrate. Next in a process of “diffusion”
(8l2), a dopant (impurity) is introdused inte the
semiconductor substrate to form a semiconductor region.
Next in a process of “FEOL (Front End OFf Line)” (S13),
devices, such as transistors or the like, are formed by
repeating a lithography process (S13a), an etching process
(813b), a film formation process {813c) and a CMP process
(§13d) as many times as required.

Specifically, in the lithography process (S13a),
a photoresist (photo-sensitive material) is applied to the
samiconducter substrate, and a device/circuit pattern
drawn on a photomask is transferred onto the semiconductor
substrate by an exposure device. In the etching process
{(513b), umnecessary parts of the oxide £ilm, metal film
and the like are removed by physical or chemical etmhing.
In the film fommation process (313c), an oxide film, a

metal film and the like constituting devices, such as
transistors, are formed by sputtering, CVD or the like.

In the CMP process (513d), the surface of the
semiconductoxr substrate is polished.

Next in a process of “BEQOL (Back End Of Line)”
(814}, the devices, such as transistors or the like,
formed on the semiconductor substrate are wired using Cu
or the like to complete a2 circuit by repeating a
lithography process (Slda}, an etching process (814b), a
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film formation process (3l4c) and a CMP process (S14d) as
many times as required. The lithography process (814a),
the etching process (S14b), the film formation process
{S14c) and the CMP process (514d) are as described above.
Herawith, the semiconductor substrate having semiconductor
chips is completed.

Next in a process of “WOW (wafer-on-wafer)”
(515}, a thickness reduction process (S15a), a lamination
process (S15b), a lithography process (S15¢), a via hole
etching process (S15d), a film formation process (315s)
and a planarization process (815f) are repeated as many

times as required. Herewith, plural semlcenductor
substrates having semiconductor chips are disposed one

above the other and semiconductor chips, sach of which
constitutes z different semiconductor substrate, are
connected in such a mannexr as to enable signal
transmission.
Specifically, in the thickness reduction process

(315a), the semiconductor substrate is reduced in
thickness, as shown in FlGs. 4E and 5C. In the lamination
process (51Eb}, the semiconductor substrate having a
reduced thickness and a semiconductor substrate on which
no thickness reduction is performed are disposed one above
the other, as shown in FIGs. 4F and 5D, In the
lithography process (S13¢), the via hole etching process
(515d), the film formation procsss (815e) and the
planarization process (815f), semdconductor chips, each of
which constitutes a different semiconductor substrate, are
connected to each other in such a manner as to enable
signal transmission, as shown in FIGs. 4H-48, for example.
' Next in a process of “electrical testing” (S16),
electrical testing of the laminated semiconductor
substrates is performed. WNexi in a process of “grinding”
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(317}, the laminated semiconductor substrates are polished
to adjust the thickness. Next in a process of “dicing”
{518}, the laminated semiconductor substrates are cut to
form plural laminated semiconductor chips. Next in &

process of “bonding” (518), the laminated semiconductor
chip is fixed onto a lead frame, and the electrode pads of

the semiconductor chip and the lead frame are electrically
connected to each other by a bonding wire. Next in a
process of “molding” (520}, the laminated semiconductor
chip fized onto the lead frame 1s sealed with a resin.
Next in a process of “final inspection”‘(s2l), a pre-—
shipment inspection (inspecticons on electrical properties,
appearance and the like) of the laminated semiconductor
chip which is made into a final product form in the
process of 320. In this manner, all processes are
completed.

In ¥FIG. 13, the processes S11-514 are well-
recognized processes for handling semiconductor substrates
before singularization (dicing). - The WOW process of S15
according to the present invention, following S14, is also
a process for handling the semiconductor substrates before
sinqularization (dicing). That is, while maintaining the
semiconductor substrates in the pre-dicing state, it is
possible to form the semiconductor substrates inte a
three-dinmensicnal structure (i.e., dispose plural
semiconductor substrates having semiconducter chips one
above the other) and connect semiliconductor chips, each of
which constitutes a different semiconductor substrate, in
such a manner as to enable signal transmission. Compared

to a conventional manufacturing process flow in which
semiconductor substrates are cut into semiconductor chips

{dicing) after the process of “BECL (Back End Of Line)”
and the diced semiconductor chips are then formed into a
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three-dimensional structure, the WOW configuration allows
immediate transition from the process of “BEOL (Back £nd
Of Line)” to the process of the three—dimensional
structure fommation using the pre-dicing semiconductor
substrates. This simplifies the manufacturing process
flow of semiconductor devices and alse reduces the
investment in mass production facilities.

In addition, the WOW process.does not have a

theoretical limit for. the number of semiconductor
substrate layers to be stacked one over the other. That

is, an integration degree according to the number of
semiconductor substrate lavers being stacked can be
obtained. For example, if a semiconductor device is
formed by stacking ten semiconductor substrates in the WOW
configuration, a memory device formed of the semiconductor
device with, for example, 32 GB per semiconductor chip has
capacity of 320 GB, and about 1000 pieces of three—
dimensional chips can be obtained. IFf, in a logic device,
a CPU core unit and a2 cache unit are saparately formed in
different semiconductor substrates and disposed one above
the other using the WOW process, multli-core architectures,
such as lé-core, 32-core, Gd~core.., can be achieved. If a
massively multi-core architecture having 32 cores can be
realized, the CPU core itself can be handled redundantly,
which allows organization of g three-dimensional logic
device having no effective defects.

Furthermore, in the WOW process, the wiring
distance corresponds teo the thickness of the semiconductor
substrate, and devices can ba therefors conmected to ezch
other in the range of about 20 pm even including the
thickness of the device layers. This contributes to
significant shortening of the wiring length, considering
that the long wiring of usual circuits is in the range of
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several hundred micrometers to several tens of millimeters.
Accordingly, the application of the WOW process to signal
wiring enables high-speed information transfer with a
large bus bandwidth per unit via hole.

Thus, the preferred embodimants of the present
invention have been described in detail; however, it
should be understood that the present invention is not
limited to the above-described particular embodiments and
various changes and modification may be made to the
particular embodiments without departing from the scope of
the present invention.

For example, in each of the embodiments, the
description is given with an example of using
semiconductor substrates (silicon wafers) having a
circular shape in a planar view; however, the shape of the
semiconductor substrates is not limited to a circular
shape, &and may be a pansel shape, such as a rectangular
shape in a planar view.

In additicon, the material of the substrates on
which the semiconductor integrated circults are formed 1is
not limited to silicon, and may be germanium or sapphire,
for exsmple.

In addition, in each of the embodiments above,
the description is given with an example of connecting
semigonductor chips, which constitute layered
semiconductor substrates, to each other by an electrical
signal via metal layers formed in vis holes; however, the

connection between the semiconductor chips constituting
the layered semiconductor substrates does not have to be

made by an electrical signal, and may be made by a light
signal. In this case, optical waveguides may be formed in
the via holes in place of the metel layers.

In addition, in each of the embodiments above,
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the description is given with an example of forming the
via holes after the formation of the electrode pads on the
semiconductor substrates; however, the electrode pads may
be formed after the formation of the via holes.
Furthermore, a process (damascene process) of grinding the
top surfaces of the metal layers formed in the via holes
by CMP (Chemical Mechanical Polishing) or the like may be
provided.

In addition, in each of the embeodiments above,
the description is given with an example of forming the
depression in the semjconductor substrate in such & manner
as to reduce the thickness of the central portion and its
vicinity while leaving the fringe portion. The formation
of the depression is made so that the semiconducter
substrate with a reduced thickness maintains sufficient
rigidity. Accordingly, as long as the semiconductor
substrate maintains sufficient rigidityv, the depression is
not limited to a particular shape. For example, parts
excluding the lattice sections may be reduced in thickness
(i.e., plural depressions are formed).

In addition, the different connection
configurations of the electrode pads and the via holes
described in the above ambodinments may be provided

together in a single semiconductor device.
In addition, modification the same as that of

the first embodiment may be applied to the second to fifth
embodiments above.

The present internaticonal application claims
priority based on Jspanese Patent Application No. 2008-
240015, filed on September 13, 2008, the entire contents
of which are incorporated herein by reference.
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DESCRIPTION OF THE REFERENCE NUMERALS

10, 10A, 10B, 10C semiconductor device

11, 1ie¢, 2lc, 31e, 4le, 5lc, 6lc, Tic
semiconductor substrate
1la, 1llb, l&a, 2la, 21b surface

11z fringe portion
12, 22 substrate body

13, 23 semiconductor integrated circuit

14, 24, 28 insulating layer

15, 15a, 1bb, 25, 25a, 23b, 35, 3ba, 35b, 45,

45a, 45b, 55, 55a, 55b, 65, 65a, 65b, 75, 75a, 75b

alectrode pad

le, 26, 36, 46, 56, 66, 76, B6 resin layer

Zlx  depression

21y, 21z, 3ly, 31z, 4ly, 4lz, 51y, 31z, 6ly,

Tly, 71z  via hole
27, 37 resist £ilm

29, 38, 38a, 39, 3%a, 38b, 48, 4Ba, 58, 58a,

68a, 78, 78a, 88, BBa metal layer
27x, 27y, 27z, 37%, 37y, 78x OPening
81 structure laver
8le  silicon substrate
Bld  insulating f£ilm

Blx rOOTE
51 external connection terminal
96 adhesion layer

87 support.

2  semiconductor chip Fformation region

B scribing region
C coutting position
pl, DZ depth

H1 height

Ti-T3  thickness

6lz,

68,



~6d-

el- @7 diametear
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CLAIMS

1. A semiconductor device manufacturing method
of disposing one above another a plurality of
semd conductor substrates each substrate having, on a main
surface thereof, semiconductor chips each of which has a
semiconductor integrated circuit, connecting the
semiconductor chips, each of which constitutes a different
cne of the semiconductor substrates, in such a manner zas
to enable signal transmission, and subsequently
singularizing the semiconductor chips inteo individual
pieces, the semiconductor device manufacturing method
comprising:

g first step of preparing a first semiconductor
substrate and a second semiconductor substrate:

a second step of reducing a thickness of the
second semiconductor substrate:

a third step of firmmly fixing an opposite
surface of the second semiconductor substrate with the
reduced thickness to the main surface of the first
semiconductor substrate via an insulating layer, the
opposite surface being opposite to the main surface of the
second semiconductor substrate;

a fourth step of forming, in the second
semiconducteor substrate with the reduced thickness, a via
hcle which penetrates from the main surface to the
opposite surface of the second semiconductor substrate;
and

a fifth step of forming a connection part which
enables the signal transmission, via the via hole, between
+he semiconductor chip of the first semiconductor
gubsirate and the semiconductor chip of the second
semiconductor substrate.
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, 2. The semiconductor device manufacturing
method as claimed in c¢laim 1, further comprising:

& sixth step of preparing a semiconductor
substrate different from the first semiconductor substraie

and the second substrate, and disposing the different
semiconductor substrate on the second semiconductor
substrate by performing steps similar to the sktcond, the
third, the fourth and the fifth steps on the different
semiconductor substrate.

3. The semiconductor device manufacturing
method as claimed in claim 1, wherein in the second stap,
only a predstermined region of the second semiconducton
substrate is reduced in thickness.

4. The semiconductor device manufacturing

method as claimed in claim 3, wherein the predetermined
region is a region, within the second semiceonductor

substrate, other than a fringe portion of the second
semiconductor substrate.

5, The semiconductor device manufacturing
method as claimed in claim 4, further comprising:

a L£irst removing step of ramoving a fringe
portlon of the first semiconcuctor substrate, wherein the
first removing step is performed prior to the third step.

6. The semiconductor device manufacturing
method as claimed in claim 5, further comprising:

a second removing step of removing the frings
portion of the second semiconductor substrate, wherein the
second removing step 1s performed prior to the third step.
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7. The semiconductor device manufacturing
method as claimed in claim 1, wherein each of the
semiconductor substrates has a substantially circular

5 shape in a planar view.

8. The semiconductor device manufacturing
mathod as claimed in claim 1, wherein the connection part
connects the semiconductor chip of the first semiconductor

10 substrate asnd the semiconductor chip of the second
semiconductor substrate by an electrical signal.

9. The semiconductor device manufacturing
method as claimed in claim 1, wharein the comnnection part
15  comnects the semiconductor chip of the first semiconductor
substrate and the semiconductor chip of the second
semiconductor substrate by a light signal.

10. The semiconductor device manufacturing
20 method as claimed in claim 1, wherein a structure layer
having no semiconductor chip is included in the
semiconductor substrates disposed cone above the othexr, the
structure layer being insulated from the semiconductor

substrates.
25
11. The semiconductor device manufacturing
method as ¢laimed in claim 10, wherein the structure layer
is one of a substrate, a metal layer and an insulating
layer,
30

12. The semiconductor device manufacturing
method as claimed in ¢laim 10, wherein the structure layer
has a function of cocling the semiconductor substrates.
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13. The semiconductor device manufacturing
method as claimed in claim 10, whersin the structure layer
has a MEMS.

14. The semiconductor device manufacturing
method as claimed in claim 1, wherein a reduced thickness
of the second semiconductor substrate after the second
progess is five times or more a depth of element isolation
in a device of the second semiconductor substrate.

15. The semiconductor device manufacturing
method as claimed in claim 1, wherein a reduced thickness
of the second semiconductor substrate affer the zsecond
process is 1 pm or more,

16. The semiconductor device manufacturing
method azs claimed in claim 1, wherein the via hole formed
in the fourth step has an aspect ratio of not less than
0.5 and not more than 5.



