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(57) ABSTRACT

A semiconductor device having a structure in which the struc-
ture is laminated in many stages is made thin. A reforming
area is formed by irradiating a laser beam, where a condens-
ing point is put together with the inside of the semiconductor
substrate of a semiconductor wafer. Then, after applying the
binding material of liquid state to the back surface of a semi-
conductor wafer by a spin coating method, this is dried and a
solid-like adhesive layer is formed. Then, a semiconductor
wafer is divided into each semiconductor chip by making the
above-mentioned reforming area into a division origin. By
pasting up this semiconductor chip on the main surface of the
other semiconductor chip by the adhesive layer of the back
surface, a semiconductor device having a structure in which
the semiconductor device is laminated in many stages is
manufactured.
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SEMICONDUCTOR DEVICE AND A
MANUFACTURING METHOD OF THE SAME

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/773,231, filed May 4, 2010, which is
a divisional of U.S. patent application Ser. No. 12/409,451,
filed Mar. 23, 2009, which is a continuation of U.S. patent
application Ser. No. 11/500,945, filed Aug. 9, 2006, now U.S.
Pat. No. 7,514,294, the contents of which are hereby incor-
porated by reference into this application.

CROSS-REFERENCE TO RELATED
APPLICATION

[0002] The present application claims priority from Japa-
nese patent application No. 2005-231946 filed on Aug. 10,
2005, the content of which is hereby incorporated by refer-
ence into this application.

FIELD OF THE INVENTION

[0003] The present invention relates to the manufacturing
method of a semiconductor device, and a semiconductor
device technology, and particularly relates to the multi-stage
layering technique of a chip.

DESCRIPTION OF THE BACKGROUND ART

[0004] In recent years, in connection with the size and
weight reduction of the mobile computing devices repre-
sented by a cellular phone, the digital camera, etc. and the
information storage medium represented by the memory card
etc., densification of the semiconductor device built into these
is advanced. The thickness reduction of the semiconductor
chip which forms a semiconductor device is indispensable to
the densification of a semiconductor device. The multi-stage
laminated constitution which accumulates the semiconductor
chips made thin to many stages, such as two stages, or three
stages is also developed, and densification of the semicon-
ductor device is advanced further.

[0005] The method which laminates the semiconductor
chip of the second stage via a paste state binding material to
the region inside a plurality of electrodes formed, for example
on the main surface of the semiconductor chip of the first
stage is one of the methods which paste up between the
semiconductor chips accumulated to many stages. However,
by this method, according to the press load at the time of
mounting the semiconductor chip of the second stage, a paste
state binding material may overflow between up and down
semiconductor chips horizontally (to a plurality of electrodes
of the semiconductor chip of the first stage), and may cover
the electrode of the main surface of the lower semiconductor
chip. Since the semiconductor chip is thin, the paste state
binding material may crawl up to a main surface from the
back surface through the side face of the upper semiconductor
chip. Since the binding material is paste state, in addition to
the accuracy of thickness being low, the semiconductor chip
mounted on the binding material may incline.

[0006] As a method which solves such trouble, film-like
adhesion members, such as a die attach film (Die Attach Film:
henceforth DAF), are developed, for example, and it contrib-
utes to the miniaturization and thickness reduction of a semi-
conductor device, and multi-stage lamination of a semicon-
ductor chip. There are Cut and Reel Method and Wafer Back
Surface Sticking Method in the adhesion method of the semi-
conductor chip using DAF, for example. Cut and Reel Method

Jun. 6, 2013

is a method of transporting and sticking on the chip mounting
surface of a lower semiconductor chip DAF cut to chip size,
and sticking another semiconductor chip on it. On the other
hand, the above-mentioned Wafer Back Surface Sticking
Method is a method of cutting the DAF simultaneously with
a semiconductor chip at the time of dicing after sticking DAF
so that the whole surface of the back surface of the semicon-
ductor wafer may be covered, and sticking the semiconductor
chip on the chip mounting surface of the lower semiconductor
chip by DAF of the back surface.

[0007] About a die-bonding technology, Japanese Unex-
amined Patent Publication No. Hei 8-236554 (Patent Refer-
ence 1) has a description, for example. The technology of
obtaining the semiconductor device which equipped the back
surface with the thermoplastic electrically conductive poly-
imide layer, separating the wafer per chip after forming the
thermoplastic electrically conductive polyimide layer on the
back surface of the wafer with a spin coat method is disclosed.
[0008] [Patent Reference 1] Japanese Unexamined Patent

Publication No. Hei 8-236554

SUMMARY OF THE INVENTION

[0009] However, the present inventor found out that the
following problems occurred in the multi-stage laminated
constitution of the semiconductor chip using the film adhe-
sion member of the above.

[0010] The first is a problem regarding the thickness of a
film-like adhesion member. That is, as for the thickness of a
film-like adhesion member, being till about 10 um is a limi-
tation from the reason for transportation or manufacture of a
film-like adhesion member. When explaining in detail, as for
a film-like adhesion member, since adhesive layer is formed
on a film substrate, thickness of the film substrate cannot be
disregarded. Therefore, it is difficult to make it thin below 10
um. For this reason, there is a problem of hampering the
overall thickness reduction of the multi-stage laminated con-
stitution of semiconductor chips.

[0011] The second is a problem by the change of a dicing
method. Since a dicing method cuts making the high velocity
revolution of the dicing blade so that the front surface of a
wafer may be pressed, its stress applied to the wafer is very
high. That is, although thickness reduction of the semicon-
ductor wafer is advanced as mentioned above, there is a
problem that a chipping will occur in a semiconductor wafer
when a thin semiconductor wafer is cut by Blade Dicing
Method, and the die strength of the thin semiconductor chip
falls remarkably. Although there is a product which uses the
low dielectric constant film (the so-called Low-k film) whose
dielectric constant is lower than a silicon oxide as a wiring
interlayer insulation film of a semiconductor chip from a
viewpoint of improvement in the working speed of a semi-
conductor device, since there are cases of being easy to peel
since a Low-k film is weak, and of having very small bubbles
inside, it cannot be cut well by Blade Dicing Method. Then,
Stealth Dicing Method attracts attention as a new dicing
method which avoids those problems. This Stealth Dicing
Method is a dicing method which irradiates laser beam to the
inside of a semiconductor wafer, forms a reforming layer
selectively, and cuts the semiconductor wafer by making the
reforming layer into a division origin. Since even the very thin
semiconductor wafer of thickness being about 30 um is cut
directly according to this method, without giving stress physi-
cally, a chipping can be reduced and die strength of the
semiconductor chip is not reduced. Moreover, since high-
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speed dicing of more than or equal to 300 mm/s is possible
irrelevant to the thickness of a semiconductor wafer, a
throughput can also be improved. Therefore, Stealth Dicing
Method is an indispensable technology to the thickness
reduction of a semiconductor chip. However, when adopting
Wafer Back Surface Sticking Method as mentioned above
and Stealth Dicing Method is performed, since the resin layer
does not pass laser beam, the resin layer itself cannot be cut,
and DAF may be unable to be cut well. For this reason,
although it is necessary to choose the resin material which
adjusted hardness and brittleness excellent in cutting as a
material of DAF, in addition to the increase of material cost in
the case, the cutting surface of resin does not become uni-
form, and it is difficult to cut finely along a dicing line. For this
reason, the yield and reliability of a semiconductor device
fall. In order to make a cutting surface uniform, it is effective
to make a resin layer thin to about 5 um or less than it, but
being till about 10 um of the thickness of DAF is a limitation
as mentioned above. Therefore, there is a problem that adop-
tion of Stealth Dicing Method is hampered and the thickness
reduction of a semiconductor chip is hampered.

[0012] Then, a purpose of the present invention is to offer a
technology which can make thin the semiconductor device
having the structure which laminated chips to many stages.
[0013] The above-described and the other purposes and
novel features of the present invention will become apparent
from the description herein and accompanying drawings.
[0014] Of the inventions disclosed in the present applica-
tion, typical ones will next be summarized briefly.

[0015] Thatis, the present invention has a step which forms
a solid-like adhesive layer applying a liquefied binding mate-
rial to the back surface of a wafer by the spin coating method
or the printing method, and a step which performs a laser
dicing process to the wafer.

[0016] The present invention is provided with the structure
which stacked a plurality of chips to many stages, and its
thickness of the adhesive layer between the chips is thinner
than the thickness of the adhesive layer between the chip of
the undermost layer of the chips, and the wiring substrate
which mounts this.

[0017] Advantages achieved by some of the most typical
aspects of the invention disclosed in the present application
will be briefly described below.

[0018] Namely, since thickness of the adhesive layer
between the chips piled up to many stages can be made thin by
having a step which applies a liquefied binding material to the
back surface of a wafer by the spin coating method or the
printing method, and forms a solid-like adhesive layer, and a
step which performs a laser dicing process to the wafer, the
semiconductor device having the structure which laminated
the chip to many stages can be made thin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a flow diagram of the manufacturing pro-
cess of a semiconductor device which is the one embodiment
of the present invention;

[0020] FIG. 2 is the whole main surface plan view of the
semiconductor wafer after the preceding process of FIG. 1;
[0021] FIG. 3 is a principal part enlarged plan view of an
example of the semiconductor wafer of FIG. 2;

[0022] FIG. 4is an enlarged plan view of region R1 of FIG.
3;

[0023] FIG. 5 is a cross-sectional view of X1-X1 line of
FIG. 4,
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[0024] FIG. 6 is a cross-sectional view of the semiconduc-
tor wafer in the back surface processing step of FIG. 1;
[0025] FIG. 7 is a cross-sectional view of the semiconduc-
tor wafer in the back surface processing step following FIG.
6;

[0026] FIG. 8 is a cross-sectional view of the semiconduc-
tor wafer in the back surface processing step following FIG.
7,

[0027] FIG. 9 is a cross-sectional view of the semiconduc-
tor wafer at the time of the laser irradiation step of the chip
division step of FIG. 1;

[0028] FIG. 10 is a principal part enlarged plan view of the
semiconductor wafer at the time of the laser irradiation step of
the chip division step of FIG. 1;

[0029] FIG. 11 is a cross-sectional view of the semiconduc-
tor wafer at the time of the adhesive layer forming step of the
chip division step of FIG. 1;

[0030] InFIG.12,left-hand side is a cross-sectional view of
the semiconductor wafer at the time of the adhesive layer
forming step following FIG. 11, and right-hand side is the
whole back surface plan view of the semiconductor wafer at
the time of the adhesive layer forming step following FIG. 11;
[0031] InFIG.13,left-hand side is a cross-sectional view of
the semiconductor wafer at the time of the adhesive layer
forming step following FIG. 12, and right-hand side is the
whole back surface plan view of the semiconductor wafer at
the time of the adhesive layer forming step following FIG. 12;
[0032] FIG. 14 is a cross-sectional view of the semiconduc-
tor wafer at the time of the wafer mounting step of the chip
division step of FIG. 1;

[0033] FIG. 15is a cross-sectional view of the semiconduc-
tor wafer at the time of the WSS peeling process of the chip
division step of FIG. 1;

[0034] FIG. 16 is a cross-sectional view of the semiconduc-
tor wafer at the time of the WSS peeling process of the FIG.
1 following FIG. 15;

[0035] FIG. 17 is a whole plan view of the main surface of
a semiconductor wafer and the jig on which this was stuck
after the wafer mounting step of FIG. 1;

[0036] FIG. 18 is a cross-sectional view of X2-X2 line of
FIG. 17,
[0037] FIG. 19 is across-sectional view of the semiconduc-

tor wafer at the time of the division step of the chip division
step of FIG. 1;

[0038] FIG. 20 is the whole back surface plan view of the
semiconductor wafer at the time of the division step of FIG. 1;
[0039] FIG. 21 is a cross-sectional view of the semiconduc-
tor wafer at the time of the picking-up step of the assembly
process of FIG. 1;

[0040] FIG. 22 is a perspective view of the semiconductor
chip at the time of the die-bonding step of the assembly
process of FIG. 1;

[0041] FIG. 23 is a cross-sectional view of the semiconduc-
tor chip at the time of the die-bonding step of the assembly
process of FIG. 1;

[0042] FIG. 24 is a cross-sectional view of the semiconduc-
tor device after the wire bonding step of the assembly process
of FIG. 1;

[0043] FIG. 25 is a cross-sectional view of the semiconduc-
tor device after the molding step of the assembly process of
FIG. 1,

[0044] FIG. 26 is a cross-sectional view of the semiconduc-
tor wafer at the time of the adhesive layer forming step of the



US 2013/0143359 Al

FIG. 1 in the manufacturing process of a semiconductor
device which is an other embodiment of the present invention;
[0045] FIG.27is aplan view of the mask used at the time of
the adhesive layer forming step of FIG. 26;

[0046] FIG.28is a cross-sectional view of the semiconduc-
tor wafer at the time of the adhesive layer forming step fol-
lowing FIG. 26;

[0047] FIG.29is aplan view of the back surface side of the
semiconductor wafer of FIG. 28;

[0048] FIG.30is across-sectional view of the semiconduc-
tor wafer at the time of the adhesive layer forming step fol-
lowing FIG. 28;

[0049] FIG. 31 is a plan view of the back surface of the
semiconductor wafer of FIG. 30;

[0050] FIG.32is across-sectional view of the semiconduc-
tor wafer at the time of the wafer mounting step of the chip
division step following FIG. 30;

[0051] FIG. 33 is across-sectional view of the semiconduc-
tor wafer after the WSS peeling process following FI1G. 32;
[0052] FIG.34is across-sectional view of the semiconduc-
tor wafer at the time of the division step following FIG. 33;
[0053] FIG. 35 is the whole back surface plan view of the
semiconductor wafer of FIG. 34;

[0054] FIG. 36 is a flow diagram of the manufacturing
process of a semiconductor device which is a further other
embodiment of the present invention;

[0055] FIG.37is across-sectional view of the semiconduc-
tor wafer at the time of the adhesive layer forming step of the
chip division step of FIG. 36;

[0056] InFIG.38,left-hand side is a cross-sectional view of
the semiconductor wafer at the time of the adhesive layer
forming step of the chip division step following FIG. 37, and
right-hand side is the whole semiconductor wafer plan view at
this time;

[0057] InFIG.39,left-hand side is a cross-sectional view of
the semiconductor wafer at the time of the adhesive layer
forming step of the chip division step following FIG. 38, and
right-hand side is the whole semiconductor wafer plan view at
this time;

[0058] FIG. 40 is a cross-sectional view of the semiconduc-
tor wafer at the time of the wafer mounting step of the FIG. 36
following FIG. 39;

[0059] FIG. 41 is a cross-sectional view of the semiconduc-
tor wafer at the time of the laser irradiation step of the FIG. 36
following FIG. 40;

[0060] FIG.42is across-sectional view of the semiconduc-
tor wafer at the time of the WSS peeling process of the FIG.
36 following FIG. 41;

[0061] FIG. 43 is across-sectional view of the semiconduc-
tor wafer at the time of the adhesive layer forming step of the
FIG. 36 in the manufacturing process of a semiconductor
device which is an other embodiment of the present invention;
[0062] FIG. 44 is a cross-sectional view of the semiconduc-
tor wafer at the time of the adhesive layer forming step fol-
lowing FIG. 43;

[0063] FIG.45is across-sectional view of the semiconduc-
tor wafer at the time of the adhesive layer forming step fol-
lowing FIG. 44;

[0064] FIG. 46 is a cross-sectional view of the semiconduc-
tor wafer at the time of the wafer mounting step following
FIG. 45,

[0065] FIG.47 is a cross-sectional view of the semiconduc-
tor wafer at the time of the laser irradiation step following
FIG. 46;
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[0066] FIG. 48is a plan view of the mask used at the time of
the adhesive layer forming step of the manufacturing process
of'a semiconductor device which is an other embodiment of
the present invention;

[0067] FIG. 49 is a cross-sectional view of the semiconduc-
tor wafer at the time of the above-mentioned adhesive layer
forming step which used the mask of FIG. 48;

[0068] FIG. 50 is a cross-sectional view of the semiconduc-
tor wafer at the time of the adhesive layer forming step fol-
lowing FIG. 49;

[0069] FIG. 51 is a principal part enlarged plan view of the
back surface of the semiconductor wafer of FIG. 50;

[0070] FIG. 52is across-sectional view of the semiconduc-
tor wafer at the time of the wafer mounting step following
FIG. 50,

[0071] FIG. 53 is a cross-sectional view of the semiconduc-
tor wafer after the WSS peeling process following FI1G. 52;
[0072] FIG. 54 is a cross-sectional view of the semiconduc-
tor wafer at the time of the division step following FIG. 53;
and

[0073] FIGS.55to 58 are cross-sectional views of the semi-
conductor device which is an other embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0074] In the below-described embodiments, a description
will be made after divided into plural sections or in plural
embodiments if necessary for convenience sake. These plural
sections or embodiments are not independent each other, but
in relation such that one is a modification example, details or
complementary description of a part or whole of the other one
unless otherwise specifically indicated. And, in the below-
described embodiments, when a reference is made to the
number of elements (including the number, value, amount
and range), the number is not limited to a specific number but
may be equal to or greater than or less than the specific
number, unless otherwise specifically indicated or principally
apparent that the number is limited to the specific number.
Further, in the below-described embodiments, it is needless to
say that the constituting elements (including element steps)
are not always essential unless otherwise specifically indi-
cated or principally apparent that they are essential. Similarly,
in the below-described embodiments, when a reference is
made to the shape or positional relationship of the constitut-
ing elements, that substantially analogous or similar to it is
also embraced unless otherwise specifically indicated or prin-
cipally apparent that it is not. This also applies to the above-
described value and range. And, in all the drawings for
describing the embodiments, members of a like function will
be identified by like reference numerals and overlapping
descriptions will be omitted as much as possible. Hereafter,
embodiments of the invention are explained in detail based on
drawings.

Embodiment 1

[0075] The manufacturing method of the semiconductor
device of Embodiment 1 is explained along the flow diagram
of FIG. 1.

[0076] First, in preceding process 100, the semiconductor
wafer (henceforth a wafer) which has a main surface and a
back surface which serve as the opposite side mutually along
a thickness direction is prepared, and a plurality of semicon-
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ductor chips (henceforth a chip) are formed in the main sur-
face (device formation surface) of the wafer. This preceding
process 100 is also called a wafer process or a wafer fabrica-
tion, forms a chip (an element and a circuit) in the main
surface of a wafer, and is a step until it changes into the state
where an electrical test can be done with a probe etc. There are
a film formation step, an impurity introduction (diffusion or
ion implantation) step, photolithography step, an etching
step, a metallizing step, a cleaning step, a test step between
each step, etc. in a preceding process.

[0077] FIG. 2 shows the whole main surface plan view of
wafer 1W after this preceding process 100, FIG. 3 shows the
principal part enlarged plan view of an example of wafer 1W
of FIG. 2, FIG. 4 shows the enlarged plan view of region R1
of FIG. 3, and FIG. 5 shows the cross-sectional view of
X1-X1 line of FIG. 4.

[0078] Wafer 1W is a semiconductor thin plate of about 300
mm in diameter of an almost circle shape in plan view, for
example, and a plurality of chips 1C of plane quadrangular
shape are arranged via cutting area (isolation region) CR in
the main surface of the perimeter in each, for example. Semi-
conductor substrate (henceforth a substrate) 15 of wafer 1W
includes a silicon (Si) single crystal, for example, and an
element and wiring layer 11, are formed in the main surface.
The thickness (total with the thickness of substrate 1S and the
thickness of wiring layer 1L.) of wafer 1W of this phase is
about 775 um, for example. Reference N of FIG. 2 shows a
notch. Reference CL of FIG. 4 shows a cutting plane line.
Cutting-plane-line CL is arranged so that it may pass along
almost a center of the width direction (the short direction) of
cutting area CR.

[0079] In the above-mentioned wiring layer 1L, interlayer
insulation film 1L.i wirings, a bonding pad (external terminal;
hereafter called a pad) 1LB, pad 1LBt for a test (TEG: Test
Element Group), alignment target Am, and passivation film
(henceforth protective film) 1Lp are formed. Interlayer insu-
lation film 1Li has a plurality of interlayer insulation films
1Li1, 1Li2, and 1Li3. An insulating film of an inorganic
system like a silicon oxide (SiO, etc.) is used for interlayer
insulation films 1Li1 and 1113, for example. A low dielectric
constant film (Low-k film) like organic polymer or organic
silica glass whose dielectric constant is lower than a silicon
oxide is used for interlayer insulation film 11.i2 from a view-
point of improvement in the working speed of a semiconduc-
tor device, for example.

[0080] As this organic polymer (perfect organic system low
dielectric interlayer insulation film), there are SiLLK (U.S. The
Dow Chemical Co make, relative dielectric constant=2.7,
heatproof temperature=490° C. or more, and dielectric break-
down voltage=4.0-5.0 MV/Vm), FLARE of the poly allyl
ether (PAE) system material (U.S. Honeywell Electronic
Materials make, relative dielectric constant=2.8, and heat-
proof temperature=400° C. or more), etc., for example. This
PAE system material has the feature of basic performance
being high and excelling in mechanical strength, thermal
stability, and low cost characteristic.

[0081] As the above-mentioned organic silica glass (SiOC
system material), there are HSG-R7 (Hitachi Chemical make,
relative dielectric constant=2.8, and heatproof tempera-
ture=650° C.), Black Diamond (U.S. Applied Materials, Inc
make, relative dielectric constant=3.0-2.4, and heatproof
temperature=450° C.), p-MTES (Hitachi Development
make, relative dielectric constant=3.2), etc., for example. As
other SiOC system materials, there are CORAL (U.S. Nov-
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ellus Systems, Inc make, relative dielectric constant=2.7-2.4,
and heatproof temperature=500° C.), Aurora2.7 (ASM Japan
K.K. make, relative dielectric constant=2.7, and heatproof
temperature=450° C.)., etc., for example.

[0082] For example, as other low dielectric constant film
materials, the SiOF system material of perfect organic sys-
tems, such as FSG, HSQ (hydrogen silsesquioxane) system
material, MSQ (methyl silsesquioxane) system material, a
porous HSQ system material, a porous MSQ material, or a
porous organic system material can also be used.

[0083] As the above-mentioned HSQ system material,
there are OCD T-12 (TOKYO OHKA KOGYO make, relative
dielectric constant=3.4-2.9, and heatproof temperature=450°
C.), FOx (U.S. Dow Corning Corp. make, relative dielectric
constant=2.9), OCL T-32 (TOKYO OHKA KOGYO make,
relative dielectric constant=2.5, and heatproof tempera-
ture=450° C.) etc., for example.

[0084] As the above-mentioned MSQ system material,
there are OCD T-9 (TOKYO OHKA KOGYO make, relative
dielectric constant=2.7, and heatproof temperature=600° C.),
LKD-T200 (JSR make, relative dielectric constant=2.7-2.5,
and heatproof temperature=450° C.)., HOSP (U.S. Honey-
well Electronic Materials make, relative dielectric con-
stant=2.5, and heatproof temperature=550° C.), HSG-RZ25
(Hitachi Chemical make, relative dielectric constant=2.5, and
heatprooftemperature=650° C.), OCL T-31 (TOKYO OHKA
KOGYO make, relative dielectric constant=2.3, and heat-
proof temperature=500° C.), LKD-T400 (JSR make, relative
dielectric constant=2.2-2, and heatproof temperature=450°
C.), etc., for example.

[0085] As the above-mentioned porous HSQ system mate-
rial, there are XLK (U.S. Dow Corning Corp. make, relative
dielectric constant=2.5-2), OCL T-72 (TOKYO OHKA
KOGYO make, relative dielectric constant=2.2-1.9, and heat-
proof temperature=450° C.)., Nanoglass (U.S. Honeywell
Electronic Materials make, relative dielectric constant=2.2-
1.8, heatproof temperature=500° C. or more), or MesoELK
(U.S. Air Products and Chemicals, Inc, relative dielectric
constant=2 or less).

[0086] As the above-mentioned porous MSQ system mate-
rial, there are HSG-6211X (Hitachi Chemical make, relative
dielectric constant=2.4, heatproof temperature=650° C.),
ALCAP-S (Asahi Chemical Industry make, relative dielectric
constant=2.3-1.8, heatproof temperature=450° C.), OCL
T-77 (TOKYO OHKA KOGYO make, relative dielectric con-
stant=2.2-1.9, heatproof temperature=600° C.)., HSG-
6210X (Hitachi Chemical make, relative dielectric con-
stant=2.1, and heatproof temperature=650° C.) or silica
aerogel (Kobe steel make, relative dielectric constants 1.4-1.
1), for example.

[0087] As the above-mentioned porous organic system
material, there is PolyELK (U.S. Air Productsand Chemicals,
Inc, relative dielectric constant=2 or less, and heatproof tem-
perature=490° C.) etc., for example.

[0088] The above-mentioned SiOC system material and
SiOF system material are formed, for example by CVD
method (Chemical Vapor Deposition). For example, above
Black Diamond is formed by the CVD method which used the
mixed gas of trimethylsilane and oxygen. Above-mentioned
p-MTES is formed by the CVD method which used the mixed
gas of methyltriethoxysilane and N20, for example. The other
above-mentioned insulating material of the low dielectric
constant is formed, for example by the applying method.
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[0089] In FIG. 5, in order to simplify explanation, the
monolayer shows interlayer insulation film 1Li2, but a plu-
rality of low dielectric constant films are laminated in prac-
tice. Between these low dielectric constant films, insulating
films, such as silicon carbide (SiC) and silicon carbonitride
(SiCN), intervene, for example. Between insulating films,
such as the silicon carbide, silicon carbonitride, etc., and a
low dielectric constant film, the cap insulating film which
includes for example, silicon oxide (SiOx) represented by
silicon dioxide (Si0,) may intervene. This cap insulating film
has functions at the time of the Chemical Mechanical Polish-
ing process (CMP; Chemical Mechanical Polishing), such as
reservation of mechanical strength, a surface protection,
moisture resistance reservation, etc. of a low dielectric con-
stant film, for example. The thickness of this cap insulating
film is formed relatively thinly rather than the low dielectric
constant film. However, a cap insulating film is not limited to
a silicon oxide film, and can be changed variously, for
example, a silicon nitride (SixNy) film, a silicon carbide film,
or a silicon carbonitride film may be used for it. These silicon
nitride films, a silicon carbide film, or a silicon carbonitride
film can be formed, for example by plasma CVD method. As
asilicon carbide film formed by plasma CVD method, there is
BLOk (AMAT make, relative dielectric constant=4.3), for
example. On the occasion of the formation, the mixed gas of
trimethylsilane and helium (or N,, NH;) is used, for example.

[0090] By FIG. 5, in order to simplify explanation, the
wiring is not shown in interlayer insulation film 1Li2, but
actually, the above-mentioned wiring becomes a multilayer
and is formed in interlayer insulation film 1Li2. Let this
wiring be an embedded wiring, for example. That is, this
wiring is formed by a conductor film being embedded in the
wiring gutter formed in each layer of interlayer insulation
film 11i2. The conductor film which forms a wiring has a
main conductor film, and the barrier metal film formed so that
it covers the peripheral surface (a bottom face and a side face).
The main conductor film includes, for example copper (Cu).
The barrier metal film includes, for example titanium nitride
(TiN), tungsten nitride (WN), tantalum nitride (TaN), tanta-
lum (Ta), titanium (Ti), tungsten (W), titanium tungsten
(TiW), or those laminated films.

[0091] The wiring, pad 1LB, 1L.Bt, and alignment target
Am on interlayer insulation film 1L.i3 includes, for example
metallic films, such as aluminium. Such a wiring and pad
1LB, LB, etc. of the uppermost are covered by protective film
1Lp formed in the top layer of wiring layer 1L. Protective film
1Lp includes for example, the laminated film of the insulating
film of an inorganic system like silicon oxide, the insulating
film of an inorganic system like a silicon nitride deposited on
it, and the insulating film of an organic system like polyimide
resin further deposited on it. Opening 2 is formed in a part of
this protective film 1Lp, and a part of pad 1L.B and 1L.Bt are
exposed from there. Along the periphery of chip 1C, pad 1L.LB
is arranged and located in a line, and is electrically connected
with the integrated circuit device of chip 1C through the
wiring in the above-mentioned interlayer insulation film 1Li.
[0092] Pad 1LBt for a test and alignment target Am are
arranged at cutting area CR of chip 1C. Pad 1LBt for a test is
formed in plane rectangular shape, for example, and is elec-
trically connected with the element for TEG through the
above-mentioned wiring. Alignment target Am is a pattern
used in the case of for example, the alignment of manufac-
turing apparatuses, such as an aligner, and chip 1C of wafer
1W, and is formed in plane cross shape, for example. Align-
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ment target Am may be formed in the shape of an L. character
and dot form other than cross shape.

[0093] Intest process 101 of the continuing FIG. 1, a probe
is put to pad 1LB of respective chips 1C and pad 1LBt for a
test of cutting area CR of wafer 1W, and various kinds of
electrical property tests are conducted by it. This test process
is also called a G/'W (Good chip/Wafer) check step, and is an
examination process which mainly judges the quality of
respective chips 1C formed in wafer 1W electrically.

[0094] Back process 102 of the continuing FIG. 1 is a step
of until it stores the above-mentioned chip 1C to a sealing
body (package) and completes, and has back surface process-
ing step 102A, chip division step 102B, and assembly process
102C. Hereafter, back surface processing step 102A, chip
division step 102B, and assembly process 102C are explained
in order.

[0095] FIG. 6-FIG. 8 show the cross-sectional view of
wafer 1W in the above-mentioned back surface processing
step 102A.

[0096] First, as shown in FIG. 6, adhesive layer 3 is uni-
formly applied by a spin coating (spin coat) method etc. all
over the main surface of wafer 1W. Then, as shown in FIG. 7,
supporting substrate 4 is stuck via adhesive layer 3 on the
main surface of wafer 1W (step 102A1 of FIG. 1). This
supporting substrate 4 is a wafer support system (Wafer Sup-
port System: WSS) which functions as a reinforcing member
of wafer 1W in a next step. Hereby, at the time of transporta-
tion of wafer 1W, wafer 1W ofultra thin and a major diameter
can be handled in the state where it was stabilized. Since
wafer 1W can also be protected from an external impact, a
crack, a chip, etc. of wafer 1W can be suppressed or pre-
vented. Since a warp and bending of wafer 1W can be sup-
pressed or prevented, and the flatness of wafer 1W of ultra
thin and a major diameter can be improved at the time of each
next step, the stability and controllability of a process of each
step can be improved. As a material of supporting substrate 4,
a hard supporting substrate (Hard-WSS or Glass-WSS) like
transparent glass is used, for example. However, other hard
supporting substrates (Hard-WSS) like stainless steel may be
used as other materials of supporting substrate 4, for example.
As a material of further others of supporting substrate 4, for
example, tape WSS which stuck insulated supporting sub-
strates, such as PET (Polyethylene Terephthalate) and PEN
(Polyethylene Naphthalate), on the tape base may be used.
When sticking supporting substrate 4 on the main surface of
wafer 1W, supporting substrate 4 is fixed to the main surface
of wafer 1W by pushing and attaching the formation surface
of'peeling layer 4a of supporting substrate 4 on adhesive layer
3. This peeling layer 4a is a functional layer for making
peeling easy, when peeling supporting substrate 4 from wafer
1W.

[0097] Then, as shown in FIG. 8, after measuring the thick-
ness of wafer 1W, based on the result of the measurement, a
thickness reduction process is performed to water 1W. Here,
grinding processing and polishing processing (flat process-
ing) are performed to the back surface of wafer 1W (steps
102A2,102A3 of FIG. 1). The thickness (total with the thick-
ness of substrate 1S and the thickness of wiring layer 11) of
wafer 1W after such a thickness reduction process is made
100 pm or less (for example, about 90 pum, about 70 pum, or
about 50 um), for example. When the thickness of wafer 1W
becomes thin and becomes less than or equal to 100 um, the
die strength of a chip will fall owing to the damage and stress
which were generated at the back surface of wafer 1W by the
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above-mentioned back surface grinding processing, and it
will become easy to generate the trouble that a chip will break
by the pressure when mounting the chip here. For this reason,
the back surface polishing process after back surface grinding
processing is an important process when losing damage and
stress of the back surface of wafer 1W, so that such trouble
may not happen. As a back surface polishing process, besides
the method of polishing using a polishing pad and silica and
Chemical Mechanical Polishing (CMP) method, for example,
the etching method using nitric acid and fluoric acid, may be
used. However, when flattening of the back surface of wafer
1W is made by the polishing process, impurities may be
easily diffused toward wafer 1W inside (device formation
surface) from the back surface of wafer 1W. Therefore, in the
case of the product which needs to operate irregularity (dam-
age, stress, etc.) of the back surface of wafer 1W as a gettering
layer for impurity capture, a back surface polishing process is
not performed, but it may leave irregularity (damage, stress,
etc.) intentionally to the back surface of water 1W. The bro-
ken line of FIG. 8 shows substrate 1S before the thickness
reduction process.

[0098] Next, FIG. 9 shows the cross-sectional view of
wafer 1W at the time of laser irradiation step 102B1 of chip
division step 102B, and FIG. 10 shows the principal part
enlarged plan view of wafer 1W of FIG. 9.

[0099] First, ultra thin wafer 1W is transported while stick-
ing supporting substrate 4 on the main surface to a laser dicing
apparatus, and where the back surface of the wafer 1W is
turned upwards, it is laid on a chuck. Then, the patterns (pad
1LBt and alignment target Am arranged at cutting area CR,
pad 1LB arranged in chip 1C, etc. besides the pattern of chip
1C or cutting area CR) of the main surface of wafer 1W are
recognized from the back surface of wafer 1W using an
infrared camera (henceforth, IR camera). Then, after carrying
out alignment (location amendment) of cutting-plane-line CL,
based on the pattern information acquired with IR camera,
while irradiating laser beam (energy beam) L.B1 emitted from
laser generating part 5 from the back surface side of wafer 1W
where a condensing point is put together with the inside of
substrate 1S of wafer 1W, it is made to move along cutting-
plane-line CL. by which alignment was made based on the
above-mentioned pattern information. This forms reforming
area (optical damaged part or crushing layer) PL by multiple
photon absorption in the inside of substrate 1S in cutting area
CR of wafer 1W. This reforming area PL is formed by the
inside of wafer 1W having been heated and melted by mul-
tiple photon absorption, and serves as a cutting origin region
of wafer 1W at the time of a later chip division step. This
melting treatment region is the region re-solidified after once
melting, a region of a just molten state, and a region in the
state of re-solidifying from a molten state, and can also be
called the region which made the change of phase, and region
where the crystal structure changed. As for a melting treat-
ment region, it can also be called the region where a certain
structure changed to another structure in single-crystal struc-
ture, amorphous structure, and polycrystalline structure. For
example, substrate 1S portion means the region which
changed from single-crystal structure to amorphous struc-
ture, the region which changed from single-crystal structure
to polycrystalline structure, and the region which changed
from single-crystal structure to the structure comprising
amorphous structure and polycrystalline structure.

[0100] Along cutting area CR, laser beam LB1 may be
irradiated continuously and may be irradiated intermittently.
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When laser beam [.B1 is irradiated continuously, reforming
area PL. is formed in the shape of a straight line along cutting-
plane-line CL.. When laser beam LB1 is irradiated intermit-
tently, reforming area PL is formed in the shape of a broken
line (dot form). Although the above-mentioned low dielectric
constant film may discolor with the heat at the time of irra-
diation of laser beam [.B1 since the heat conductivity is low
and it is easily filled with heat, since an irradiation area of
laser beam [.B1 can be made small and the generation of the
heat by irradiation of laser beam [.B1 can be suppressed as
much as possible when laser beam [.B1 is irradiated intermit-
tently, discoloration of the low dielectric constant film by heat
can be suppressed or prevented.

[0101] Since the back surface of wafer 1W is a plane of
incidence of laser beam [.B1, in order to reduce or prevent
diffusion of laser beam [.B1, it is preferred that it is flat and a
glide plane. In formation of reforming area PL, since laser
beam LB1 is hardly absorbed with the back surface of wafer
1W, the back surface of wafer 1W does not melt. Althoughnot
limited in particular, the irradiation conditions of laser beam
LB1 are as follows, for example. Namely, the kind of laser
beam LB1 is LD excitation solid pulsed laser, for example, an
illuminant is a YAG laser whose wave length is 1064 nm, for
example, a frequency is 400 kHz, for example, laser power is
less than or equal to 1 W, for example, the diameter of laser
spot is 1-2 um, for example, and the traveling speed of laser
beam LB1 is about 300 mny/s, for example.

[0102] Next, FIG.11-FIG. 13 show the appearance of wafer
1W at the time of adhesive layer forming step 102B2 of chip
division step 102B. FIG. 11 shows the cross-sectional view of
wafer 1W, the left-hand side of F1G. 12 and FIG. 13 shows the
cross-sectional view of wafer 1W, and right-hand side shows
the whole back surface plan view of water 1W, respectively.

[0103] First, wafer 1W picked out from the above-men-
tioned laser dicing apparatus is transported while sticking
supporting substrate 4 on the main surface to a spin coating
apparatus (spin coater), where the back surface of the wafer
1W is turned upwards, it is laid on arotation support base, and
it is fixed by making vacuum adsorption. Then, as shown in
FIG. 11, binding material 8 of liquid state (paste state) is
dropped in the center on the back surface of wafer 1W from
nozzle 7 of a spin coating apparatus. The base material of this
binding material 8 includes, for example thermoplastic resin.
As an example of thermoplastic resin, there is polyimide
resin, for example. Thermosetting resin may be used as base
material of binding material 8, for example. As an example of
thermosetting resin, there is an epoxy resin, polyimide resin,
or silicone resin, for example. Then, as shown in FIG. 12, the
coat of thin binding material 8 is formed all over the back
surface of wafer 1W by making the high velocity revolution
of the wafer 1W (spin coating method). Then, wafer 1W is
transported while sticking supporting substrate 4 on the main
surface on a heat stage, a drying process is performed on the
conditions for 100-200° C. and about 30 minutes, for example
and binding material 8 is solidified. When the base material of
binding material 8 is thermosetting resin, thermosetting resin
is cured to some extent by a heat treatment, but it is not made
to harden thoroughly but limits to the state of having adhesive
property. Thus, as shown in FIG. 13, thin solid-like adhesive
layer 8a is formed all over the back surface of wafer 1W.
Adhesive layer 8a obtained by solidifying this binding mate-
rial 8 is because chip 1C obtained from wafer 1W is fixed on
an other chip at the next step, and it is formed all over the back
surface of wafer 1W so that the thickness may become uni-
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form. The thickness of adhesive layer 8a is thinner than 10
um, for example, is about 5 um or less than it, for example.
Since adhesive layer 8a is formed by solidifying after making
spin coating of the binding material 8 only as mentioned
above, by the part which does not need a film substrate like
DATF, it is possible to form the thickness of adhesive layer 8a
more thinly than DAF.

[0104] Embodiment 1 explained how to form the coat of
thin binding material 8 all over the back surface of wafer 1W
by making the high velocity revolution of the wafer 1W, after
binding material 8 ofliquid state (paste state) is dropped in the
center on the back surface of wafer 1W from nozzle 7 of a spin
coating apparatus. However, in using what has the high vis-
cosity of adhesives 8, it is preferred for binding material 8 of
liquid state (paste state) to be dropped in the center on the
back surface of wafer 1W, where the high velocity revolution
of'the wafer 1W is made beforehand, and to change an engine
speed after that, and to form the coat of thin binding material
8 all over the back surface of wafer 1W.

[0105] In Embodiment 1, thickness of adhesive layer 8a
can be made thin as mentioned above by forming adhesive
layer 8a using a spin coating method as mentioned above.
Since adhesive layer 8a is formed with a resin coating
method, the homogeneity of the thickness of adhesive layer
8ainthe back surface of wafer 1W can be improved. Since the
spin coating of the adhesives 8 can be carried out in the state
where the flatness of wafer 1W is high, by sticking supporting
substrate 4 on the main surface of wafer 1W, the homogeneity
of the thickness of adhesive layer 8a in the back surface of
wafer 1W can be improved. When not using above WSS,
when sticking only a tape material on the main surface of
wafer 1W, or when using the above-mentioned tape WSS, it is
preferred to make spin coating of the binding material 8,
where vacuum suction of the whole surface of the main sur-
face of wafer 1W is made to the above-mentioned rotation
support base side. Thus, since reduction or prevention of warp
and bending of wafer 1W which is ultra thin and a major
diameter can be done, and the flatness of wafer 1W can be
improved by making vacuum suction of the whole surface of
the main surface of wafer 1W, the homogeneity of the thick-
ness of adhesive layer 8a in the back surface of wafer 1W can
be improved.

[0106] When DAF is used, a specification changes with
sizes, thickness, etc. of wafer 1W, but in the case of a resin
coating method like Embodiment 1, a resin material is good at
one kind, and does not depend in particular on the size or
thickness of wafer 1W. Since molding technology and pro-
cessing technology for which DAF is asked are unnecessary,
cost can be reduced. When adhering DAF on wafer 1W, in
order to lose the wrinkle and void between wafer 1W and
DAF and to raise adhesion, the application of pressure to
wafer 1W is required, but with thin wafer 1W less than or
equal to 50 um, we are anxious about the damage to wafer 1W
by application of pressure increasingly. On the other hand, in
Embodiment 1, in formation of adhesive layer 8a, the appli-
cation of pressure to wafer 1W is unnecessary, and damage
degradation of wafer 1W can be reduced or prevented. There-
fore, the yield and reliability of a semiconductor device can be
improved.

[0107] Next, FIG. 14 shows the cross-sectional view of
wafer 1W after wafer mounting step 102B3 of chip division
step 102B.

[0108] At this step, as shown in FIG. 14, where supporting
substrate 4 is stuck on the main surface of wafer 1W, the back
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surface (formation surface of adhesive layer 8a) of wafer 1W
is stuck on tape 10a of jig 10. The tape base of tape 10a of jig
10 includes a plastic material which has flexibility, for
example, and the adhesive layer is formed in the main surface.
Wafer 1W is being firmly fixed by the adhesive layer of tape
10a. As this tape 10a, it is also preferred to use a UV tape, for
example. A UV tape is an adhesive tape with which ultravio-
let-rays (UV) hardening resin was used as a material of an
adhesive layer, and has a characteristic in which the adhesion
of an adhesive layer will become weak when ultraviolet rays
are irradiated rapidly, having powerful adhesion. Ring 106 is
stuck on the main surface periphery of tape 10a by the adhe-
sive layer of tape 10a. This ring 105 is a reinforcing member
of tape 10a. Although forming with metal, such as stainless
steel, is preferred as for the viewpoint of this reinforcement to
ring 105, it may be formed with the plastic material which set
up thickness so that it has hardness comparable as metal.
[0109] Next, FIG.15-FIG. 18 show the appearance of wafer
1W at the time of WSS peeling process 102B4 of chip divi-
sion step 102B. FIG. 15 and FIG. 16 show the cross-sectional
view of water 1W, FIG. 17 shows the whole main surface plan
view of wafer 1W, and FIG. 18 shows the cross-sectional view
of X2-X2 line of FIG. 17, respectively.

[0110] Atthis step, first, as shown in FIG. 15, where a focus
is put in adhesive layer 3 on the main surface of wafer 1W,
laser beam B2 emitted from laser generating part 11 is
scanned and irradiated from one end to the other end of the
main surface of wafer 1W via transparent supporting sub-
strate 4. The conditions of this laser beam LB2 are infrared
laser with a wave length 0o 1064 nm, output: 20 W, irradiation
rate: 2000 mm/s, and spot diameter: about 200 um, for
example. This peels supporting substrate 4 from the main
surface of wafer 1W, as shown in FIG. 16.

[0111] Adhesive layer 3 may includes, for example ultra-
violet curing resin (UV resin). Having powerful adhesion,
UV resin has a characteristic in which cure is promoted and
adhesion becomes weak rapidly, when ultraviolet rays are
irradiated. When UV resin is used, as for the above-men-
tioned laser beam [L.B2, ultraviolet laser is used instead of
infrared laser. Hereby, since the adhesion of adhesive layer 3
can be weakened, supporting substrate 4 can be peeled easily.
Then, as shown in FIG. 17 and FIG. 18, adhesive layer 3 on
the main surface of wafer 1W is removed.

[0112] Next, FIG. 19 and FIG. 20 show the cross-sectional
view of wafer 1W and the whole back surface plan view of
wafer 1W at the time of division step 102B5. Although FIG.
20 was a plan view, in order to make a drawing legible,
hatching was given to the formation area of adhesive layer 8a.
[0113] Atthis step, as shown in FIG. 19, after putting jig 10
which mounted wafer 1W on mounting base 12, where ring
105 of jig 10 is fixed, mounting base 12 is pushed up in the
direction (direction shown by arrow A) vertical to the main
surface of wafer 1W. Then, as a result of tape’s 10a being
extended to the diametral direction (direction shown by arrow
B) of wafer 1W, a crack enters along the thickness direction of
wafer 1W by the force in which the tape 104 is prolonged, by
making reforming area PL. of wafer 1W into a division origin.
This divides wafer 1W into each chip (second chip) 1C
(stealth dicing). Adhesive layer 8a also breaks between each
chips 1C by division of chip 1C simultaneously. When DAF
material is used as an adhesive layer of the back surface of
chip 1C, in cutting of chip 1C by stealth dicing, there is a case
that the DAF material of the back surface of chip 1C cannot be
cut well, such as the case that the peripheral part of the DAF
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material of the back surface of chip 1C extends without cut-
ting. On the other hand, in Embodiment 1, since the thickness
of'adhesive layer 8a is very thin compared with DAF material
as mentioned above, adhesive layer 8a can be well cut finely
at the time of division of chip 1C by stealth dicing. Therefore,
since stealth dicing is employable, it can correspond to the
thickness reduction of chip 1C, and a semiconductor device
can be made thin. Since the external appearance failure of
chip 1C can be reduced, the yield of a semiconductor device
can be improved.

[0114] Since it will become easy to generate a chipping at
the time of cutting, and the die strength of a chip will fall when
wafer 1W becomes thin in the case of the Blade Dicing
Method which cuts wafer 1W by a dicing blade, it is forced to
process from a viewpoint of securing the quality of chip 1C,
at a low speed (for example, about 60 mm/s, or less than it
depending on the thickness of wafer 1W). On the other hand,
since in the case of Embodiment 1 damage is not done to the
front surface of wafer 1W but splitting only of the inside is
made, the chipping which exists in the front surface of chip
1C can be suppressed to the minimum. For this reason, the die
strength of chip 1C can be improved. Since cutting processing
as high-speed as 300 mm/s, for example can be performed, a
throughput can be improved.

[0115] As mentioned above, when irradiating a laser beam
from the main surface side of wafer 1W, pad 1LBt for a test
may become obstructive, and processing of the portion (for-
mation of a reforming layer) may not be able to be performed
well at cutting area CR of the main surface of wafer 1W. On
the other hand, in Embodiment 1, since laser beam LB is
irradiated from the back surface side of wafer 1W in which
metals, such as pad 1LBt for a test, do not exist, reforming
area PL can be formed good, without generating the above
trouble, and wafer 1W can be cut good.

[0116] Next, FIG. 21 shows the cross-sectional view of
wafer 1W at the time of picking-up step 102C1 of assembly
process 102C. At this step, jig 10 holding a plurality of chips
1C is transported to a pickup device and mounted on mount-
ing base 15. Then, where vacuum suction of the back surface
of tape 10a of jig 10 is made, chip 1C is pushed up from the
back surface of tape 10a by a push-up pin. When the above-
mentioned UV tape is used as tape 10q at this time, by irra-
diating ultraviolet rays to the adhesive layer of tape 10a, an
adhesive layer is cured and adhesive strength is weakened. In
this state, vacuum suction of the chip 1C is made with the
collet of a pickup device, and it is pulled up.

[0117] Next, FIG. 22 shows the perspective view of chip 1C
and wiring substrate 17 at the time of die-bonding step 102C2
of assembly process 102C, and FIG. 23 shows the cross-
sectional view of chip 1C and wiring substrate 17 at the time
of'the step of FIG. 22. At this step, chip 1C which was picked
up as mentioned above is transported on the main surface of
other chips (first chip) 18C mounted on the main surface of
wiring substrate 17, as shown in FIG. 22 and FIG. 23. Then,
chip 1C is descended in the state where adhesive layer 8a of
the back surface of chip 1C and the main surface of chip 18C
were made to face, and it is put on the main surface of chip
18C. Then, when the base material of adhesive layer 8a is
thermoplastic resin, chip 1C is adhered on the main surface of
chip 18C by being in the state which heats adhesive layer 8a,
made it soften, and gave adhesive property, and pushing and
attaching lightly adhesive layer 8a of the back surface of chip
1C on the main surface of chip 18C. Although the heating
temperature in particular at this time is not limited, it is about
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400° C. On the other hand, when the base material of adhesive
layer 8a is thermosetting resin, adhesive layer 8a is hardened
thoroughly being applied heat, and chip 1C is adhered on the
main surface of chip 18C. Thus, chip 1C is piled up on chip
18C.

[0118] Thus, in Embodiment 1, since thickness of adhesive
layer 8a of the back surface of chip 1C can be made thin in
addition to the thickness reduction of chip 1C, the lamination
height of chips 1C and 18C can be made low. Therefore, the
semiconductor device having the structure which laminated
chips 1C and 18C can be made thin. Since the absorbed
amount of the moisture can also be reduced since adhesive
layer 8a is thin, and the generation of void can also be
reduced, the reliability of a semiconductor device can also be
improved. The problem that adhesive layer 8a covers the pad
of lower chip 18C is not generated, either without overflow-
ing into the periphery of chip 1C at the time of mounting of
chip 1C, since adhesive layer 8a is made into solid state.
Adhesive layer 8a of the back surface of chip 1C does not
crawl up to a main surface through the side face of chip 1C,
even if chip 1C is thin. In addition to that the thickness
accuracy of adhesive layer 84 is high, the upper chip 1C does
not incline. Chip 1C which was picked up is accommodated
in a transportation tray, transportation shipment to other
manufacturing factories (for example, assembly fabricator)
may be made and the assembly after this step may be
requested (step 103A of FIG. 1).

[0119] Here, an example of the structure and the mounting
method of wiring substrate 17 and chip 18C is explained.
Wiring substrate 17 includes a printed-circuit board which
has multilayer interconnection structure, for example, and
has the main surface and back surface which become the
opposite side mutually along a thickness direction. Chip 18C
is mounted on the main surface of wiring substrate 17. A
plurality of electrodes 17a are arranged on the main surface of
wiring substrate 17 so that the periphery of chip 18C may be
surrounded. On the back surface of wiring substrate 17, a
plurality of electrodes 175 are arranged. Electrode 17a of a
main surface and electrode 175 of the back surface of wiring
substrate 17 are electrically connected through the wiring of
the inner layer of wiring substrate 17. Electrodes 174 and 175
and a wiring of wiring substrate 17 include copper, for
example. Gold (Au) plating of nickel (Ni) foundation is per-
formed to the exposed surface of electrodes 174 and 175.

[0120] The structure of chip 18C is almost the same as the
above-mentioned chip 1C. Substrate 18S of chip 18C
includes a silicon (Si) single crystal, for example, and the
element and wiring layer 181 are formed in the main surface.
The structure of wiring layer 18L is the same as wiring layer
1L of the above-mentioned chip 1C, and pad 18LB is
arranged at the top layer. Chip 18C is mounted on the main
surface of wiring substrate 17 in the state of turning the main
surface upwards and adhering the back surface to the main
surface of wiring substrate 17 by adhesive layer 20a. Adhe-
sive layer 20a includes, for example thermoplastic resin like
polyimide resin. The thickness of adhesive layer 20qa is
thicker than adhesive layer 8a of the back surface of the
above-mentioned chip 1C, for example, is more than or equal
to 10 um. The reason is for making adhesive layer 20a absorb
the big irregularity by the wiring and electrode which were
formed on the main surface of wiring substrate 17. When
semiconductor chip 18C of the first stage is mounted via
adhesive layer 8a formed with the resin coating method, since
the thickness of adhesive layer 8« is thin such as about 5 um,
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the irregularity formed on the main surface of wiring sub-
strate 17 cannot be absorbed by adhesive layer 8a. That is, a
clearance may generate between the main surface of wiring
substrate 17, and adhesive layer 8a, and the problem of the
void failure that sealing resin becomes non-filling may occur
in a later sealing body forming step. As opposed to this,
irregularity of the back surface of chip 1C is about 1-2 um
(MAX), for example, and irregularity of the main surface of
chip 18C on which chip 1C is laminated is about 1-2 um
(MAX), for example, so that since there is no irregularity like
the main surface of wiring substrate 17, it is satisfactory even
if adhesive layer 8a of the back surface of chip 1C is made
thin.

[0121] The mounting method of such a chip 18C is as
follows, for example. First, wiring substrate 17 is prepared
and a paste state binding material is applied to the chip mount-
ing region of the main surface. This paste state binding mate-
rial includes, for example thermoplastic resin, such as poly-
imide resin. Then, after pushing and attaching the back
surface of chip 18C on the paste state binding material and
mounting chip 18C on the main surface of wiring substrate
17, a paste state binding material is dried and solid-like adhe-
sive layer 20q is formed. This adheres chip 18C to wiring
substrate 17.

[0122] AsshowninFIG. 58, DAF (Die Attach Film) may be
used as a material of adhesive layer 20q. That is, semicon-
ductor chip 18C of the first stage may be mounted on the main
surface of wiring substrate 17 via DAF (adhesive layer 20a),
and the semiconductor chip after the second stage mounted
on the main surface of the semiconductor chip of the first
stage may be mounted via adhesive layer 8a formed with the
resin coating method. Since DAF (adhesive layer 20a) used
for semiconductor chip 18C of the first stage is made into
solid state by this, it does not overflow into the periphery of
semiconductor chip 18C at the time of mounting of semicon-
ductor chip 18C. That is, since a binding material (adhesive
layer 20a) does not overflow toward electrode 174 arranged
on the main surface of a wiring substrate, distance between
semiconductor chip 18C and electrode 174 can be shortened,
and the miniaturization of a semiconductor device can be
realized compared with the case where a paste state binding
material is used.

[0123] Next, FIG. 24 shows the cross-sectional view of the
semiconductor device after wire bonding step 102C3 of
assembly process 102C, and FIG. 25 shows the cross-sec-
tional view of the semiconductor device after molding step
102C4 of assembly process 102C.

[0124] First, in wire bonding step 102C3, as shown in FIG.
24, while connecting pad 1L.B of the upper chip 1C, and pad
18LB of lower layer chip 18C by bonding wire (henceforth a
wire) 21, pad 18L.B of lower layer chip 18C and electrode 17a
of' wiring substrate 17 are connected with wire 21. Pad 11.B of
the upper chip 1C and electrode 17a of wiring substrate 17
may be connected with wire 21. Wire 21 includes, for
example gold (Au). Then, in molding step 102C4, as shown in
FIG. 25, chips 1C and 18C, wire 21, etc. are sealed by sealing
body 22 which includes epoxy system resin etc., for example
using the transfer mold method. Solder ball 23 is formed as an
external terminal on electrode 175. Solder ball 23 includes the
lead solder material of lead (Pb)-tin (Sn), or the lead free
solder material of for example, tin (Sn)-silver (Ag)-copper
(Cu) system, for example. A semiconductor device is manu-
factured as mentioned above.
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Embodiment 2

[0125] In Embodiment 2, like the Embodiment 1, after
passing through laser irradiation step 102B1 from preceding
process 100 of FIG. 1, in adhesive layer forming step 102B2
of chip division step 102B, an adhesive layer is formed on the
back surface of a wafer by the printing method.

[0126] FIG. 26 shows the cross-sectional view of wafer 1W
at the time of the above-mentioned adhesive layer forming
step 102B2, and FIG. 27 shows the plan view of mask 25A
used at the time of the above-mentioned adhesive layer form-
ing step 102B2. Although FIG. 27 was a plan view, in order to
make a drawing legible, hatching was given to mask 25A.
[0127] First, on the back surface of wafer 1W, as shown in
FIG. 26, after putting mask 25A where alignment is made,
squeegee 26 extends binding material 8 of liquid state (paste
state) along the back surface of wafer 1W from on this mask
25A. In mask 25A, as shown in FIG. 26 and FIG. 27, opening
25A1 ofthe almost same plane size as each chip 1Cis formed
in the correspondence location of each chip 1C of wafer 1W,
and the back surface of each chip 1C is exposed to it from each
of the opening 25A1. In mask 25A, mask pattern 25A2 is
formed in the correspondence location of cutting area CR
(formation area of reforming area PL) between contiguity of
each chip 1C of wafer 1W, and, hereby, the portion corre-
sponding to cutting area CR between contiguity of chip 1C is
covered.

[0128] Next, FIG. 28 shows the cross-sectional view of
wafer 1W showing a state that squeegee 26 extended binding
material 8 of liquid state, and it is applied to the back surface
of'wafer 1W selectively via mask 25A, and F1G. 29 shows the
plan view of the back surface side of wafer 1W of FIG. 28.
Although FIG. 29 was a plan view, in order to make a drawing
legible, hatching was given to the coating region of binding
material 8. In FIG. 29, in order to make a drawing legible,
wafer 1W is shown looking through.

[0129] AsshowninFIG. 28 and FIG. 29, when squeegee 26
is moved extending binding material 8 along the back surface
of wafer 1W, binding material 8 of liquid state will enter in
opening 25A1 of mask 25A. Hereby, although binding mate-
rial 8 adheres to the back surface of chip 1C, it does not adhere
to cutting area CR. Thus, squeegee 26 is moved from one end
to the other end of wafer 1W.

[0130] Next, FIG. 30 shows the cross-sectional view of
wafer 1W showing the state where mask 25A was removed,
and FIG. 31 shows the plan view of the back surface of wafer
1W of FIG. 30. Although FIG. 31 was a plan view, in order to
make a drawing legible, hatching was given to the coating
region of binding material 8 (adhesive layer 85).

[0131] After applying binding material 8 to the back sur-
face of wafer 1W, solid-like adhesive layer 85 is selectively
formed in the region of respective chips 1C of the back sur-
face of water 1W by removing mask 25A and drying binding
material 8 like the Embodiment 1. Adhesive layer 85 is not
formed in cutting area CR.

[0132] Next, FIG. 32 shows the cross-sectional view of
wafer 1W at the time of wafer mounting step 102B3 of chip
division step 102B, and FIG. 33 shows the cross-sectional
view of wafer 1W after WSS peeling process 102B4.

[0133] At this step, as shown in FIG. 32, like the Embodi-
ment 1, after sticking the back surface (formation surface of
adhesive layer 86) of wafer 1W on tape 10a of jig 10, as
shown in FIG. 33, supporting substrate 4 is peeled, then
adhesive layer 3 is removed like the Embodiment 1.
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[0134] Next, FIG. 34 and FIG. 35 show the cross-sectional
view of wafer 1W and the whole back surface plan view of
wafer 1W at the time of division step 102B5. Although FIG.
35 was a plan view, in order to make a drawing legible,
hatching was given to the formation area of adhesive layer 85.
[0135] At this step, as shown in FIG. 34 and FIG. 35, wafer
1W is divided into each chip (second chip) 1C like the
Embodiment 1 by making reforming area PL. of wafer 1W
into a division origin (stealth dicing). At this time, in Embodi-
ment 2, since adhesive layer 85 is already divided into every
each chip 1C before division step 102B5, and adhesive layer
8b is not formed at cutting area CR, adhesive layer 84
between chips 1C is finely separable. That is, stealth dicing
can divide chip 1C finely, without generating trouble in the
peripheral part of adhesive layer 85 of the back surface of chip
1C. Therefore, since stealth dicing is employable, a semicon-
ductor device can be made thin. Since the external appearance
failure of chip 1C can be reduced, the yield of a semiconduc-
tor device can be improved. The same effect as the Embodi-
ment 1 can be acquired except this.

[0136] Since assembly process 102C after this is the same
as the Embodiment 1, explanation is omitted.

Embodiment 3

[0137] The Embodiment 1 and 2 explained the case where
an adhesive layer was formed on the back surface of wafer
1W, after the laser irradiation step for forming reforming area
LB in the chip division step. Embodiment 3 explains the case
where the laser irradiation step for forming reforming area
LB is performed in a chip division step after forming an
adhesive layer on the back surface of wafer 1W.

[0138] FIG. 36 shows the flow diagram of the semiconduc-
tor device of Embodiment 3. In Embodiment 3, like the
Embodiment 1, after passing through preceding process 200
and test process 201 of FIG. 36, wearing step of WSS 202A1,
back surface grinding step 202A2, and back surface polishing
step 202A3 of back surface processing step 202A of back
process 202 are performed in order.

[0139] Then, in Embodiment 3, in chip division step 202B,
before performing the laser irradiation step for forming
reforming area PL, adhesive layer forming step 202B1 is
performed. FIG. 37-FIG. 39 show appearance of wafer 1W at
the time of adhesive layer forming step 202B1 of chip divi-
sion step 202B. FIG. 37 shows the cross-sectional view of
wafer 1W, the left-hand side of F1G. 38 and FIG. 39 shows the
cross-sectional view of wafer 1W, and right-hand side shows
the whole back surface plan view of water 1W, respectively.
Although the right-hand side of FIG. 38 and FIG. 39 was a
plan view, in order to make a drawing legible, hatching was
given to binding material 8 (adhesive layer 8a).

[0140] Here, as shown in FIG. 37, like the Embodiment 1,
after binding material 8 of liquid state (paste state) is dropped
in the center on the back surface of wafer 1W from nozzle 7
of'a spin coating apparatus, as shown in FIG. 38, the thin coat
of binding material 8 is formed all over the back surface of
wafer 1W by making the high velocity revolution of the wafer
1W (spin coating method). Then, like the Embodiment 1, a
drying process is performed to binding material 8 of the back
surface of wafer 1W, binding material 8 is solidified, and as
shown in FIG. 39, thin solid-like adhesive layer 8a is formed
all over the back surface of wafer 1W. Hereby, like the
Embodiment 1, thin adhesive layer 8a can be formed on the
back surface of wafer 1W so that thickness may become
uniform.
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[0141] Next, FIG. 40 shows the cross-sectional view of
wafer 1W at the time of wafer mounting step 202B2 of FIG.
36, FIG. 41 shows the cross-sectional view of wafer 1W at the
time of laser irradiation step 202B3 of FIG. 36, and FIG. 42
shows the cross-sectional view of wafer 1W at the time of
WSS peeling process 202B4 of FIG. 36, respectively.
[0142] First, as shown in FIG. 40, like the Embodiment 1,
the back surface (formation surface of adhesive layer 8a) of
wafer 1W is stuck on tape 10a of jig 10, and wafer 1W is
mounted onjig 10. Then, wafer 1W is transported while being
mounted on jig 10 to a laser dicing apparatus, and where the
main surface (namely, upper surface of supporting substrate
4) of the wafer 1W is turned upwards, it is laid on a chuck.
Then, after recognizing patterns (except the pattern of chip
1C or cutting area CR, pad 1L.Bt and alignment target Am
which are arranged at cutting area CR, pad 1L.B arranged in
chip 1C, etc.) of the main surface of wafer 1W from the upper
part of the main surface of wafer 1W using IR camera, based
on the pattern information thereby acquired, alignment (loca-
tion amendment) of cutting-plane-line CL is carried out.
[0143] Then, as shown in FIG. 41, while irradiating laser
beam [L.B1 emitted from laser generating part 5 located in the
main surface upper part of wafer 1W from the main surface
side of wafer 1W where a condensing point is put together
with the inside of substrate 1S of wafer 1W via transparent
supporting substrate 4, it is made to move along cutting-
plane-line CL. to which alignment was made based on the
above-mentioned pattern information. This forms above-
mentioned reforming area PL in the inside of substrate 1S in
cutting area CR of wafer 1W. The method of a scan and
irradiation conditions of laser beam LB1 are as the same as
the Embodiment 1 explained.

[0144] Then, as shown in FIG. 42, laser beam L.B2 emitted
from laser generating part 11 is scanned from one end to the
other end of the main surface of wafer 1W via transparent
supporting substrate 4, and adhesive layer 3 on the main
surface of wafer 1W is irradiated. Hereby, the adhesive
strength of adhesive layer 3 is reduced and supporting sub-
strate 4 is peeled from wafer 1W like the Embodiment 1.
Then, adhesive layer 3 on the main surface of wafer 1W is
removed like the Embodiment 1.

[0145] Since division step 202B5, assembly process 202C
(picking-up step 202C1, die-bonding step 202C2, wire bond-
ing step 202C3, molding step 202C4), and transportation
shipment step 203A after this are the same as each step
explained by the Embodiment 1, explanation is omitted.

Embodiment 4

[0146] In Embodiment 4, like the Embodiment 3, after
passing through preceding process 200 to back surface pol-
ishing process 202A3 of FIG. 36, in adhesive layer forming
step 202B1 of chip division step 202B, an adhesive layer is
formed on the back surface of wafer 1W by the printing
method.

[0147] FIG. 43 shows the cross-sectional view of wafer 1W
at the time of the above-mentioned adhesive layer forming
step 202B1. FIG. 44 shows the cross-sectional view of wafer
1W in which a state that squeegee 26 extended binding mate-
rial 8 of liquid state, and it has applied to the back surface of
wafer 1W selectively via mask 25A is shown, and FIG. 45
shows the cross-sectional view of wafer 1W in which the state
where mask 25A was removed is shown, respectively.
[0148] First, like the Embodiment 2, as shown in FIG. 43,
after putting mask 25A on the back surface of wafer 1W
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where alignment is made, squeegee 26 extends binding mate-
rial 8 of liquid state (paste state) along the back surface of
wafer 1W from on this mask 25A. Then, as shown in FIG. 44,
like the Embodiment 2, it enters in opening 25A2 of mask
25A, and binding material 8 of liquid state adheres to the back
surface of wafer 1W. Thus, after applying binding material 8
to the back surface of wafer 1W selectively, as shown in FIG.
45, mask 25A is removed like the Embodiment 2. Then,
solid-like adhesive layer 85 is selectively formed in the region
of chip 1C of the back surface of wafer 1W by drying binding
material 8 like the Embodiment 1 and 2. Adhesive layer 85 is
not formed in cutting area CR.

[0149] Next, FIG. 46 shows the cross-sectional view of
wafer 1W at the time of wafer mounting step 202B2 of chip
division step 202B, and FIG. 47 shows the cross-sectional
view of wafer 1W at the time of laser irradiation step 202B3
of FIG. 36, respectively.

[0150] First, like the Embodiments 1-3, as shown in FIG.
46, after sticking the back surface (formation surface of adhe-
sive layer 8b) of wafer 1W on tape 10q of jig 10, the above-
mentioned pattern of the main surface of wafer 1W is recog-
nized from the main surface upper part of wafer 1W like the
Embodiment 3 using IR camera. And based on the pattern
information thereby acquired, alignment (location amend-
ment) of cutting-plane-line CL is carried out. Then, as shown
in FIG. 47, like the Embodiment 3, while irradiating laser
beam LB1 emitted from laser generating part 5 established in
the main surface upper part of wafer 1W from the main
surface side of wafer 1W where a condensing point is put
together with the inside of substrate 1S of wafer 1W via
transparent supporting substrate 4, it is made to move along
cutting-plane-line CL to which alignment was made based on
the above-mentioned pattern information. This forms above-
mentioned reforming area PL in the inside of substrate 15 in
cutting area CR of wafer 1W.

[0151] Then, like the Embodiment 3, after peeling support-
ing substrate 4 from the main surface of wafer 1W, adhesive
layer 3 on the main surface of wafer 1W is removed, and
wafer 1W is divided into each chip 1C like the Embodiments
1-3. Since the step after this is the same as the Embodiment 3,
explanation is omitted.

Embodiment 5

[0152] Embodiment 5 explains the modification in the case
of forming an adhesive layer in the back surface of a wafer by
the printing method.

[0153] FIG. 48 shows the plan view of mask 25B used at the
time of the adhesive layer forming step of Embodiment 5.
Although FIG. 48 was a plan view, hatching was attached in
order to make a drawing legible.

[0154] Let the mask pattern of transcriptional region D of
mask 25B be a mesh shape fine pattern in Embodiment 5. That
is, a plurality of openings smaller than the plane size of chip
1C are arranged in the state where it adjoined in the direction
of four directions, in the surface of transcriptional region D in
transcriptional region D of mask 25B.

[0155] Next, FIG. 49 shows the cross-sectional view of
wafer 1W at the time of the above-mentioned adhesive layer
forming step 102B2, FIG. 50 shows the cross-sectional view
of wafer 1W in which the state where mask 25B was removed
is shown, and FIG. 51 shows the principal part enlarged plan
view of the back surface of water 1W of F1G. 50, respectively.
Although FIG. 51 was a plan view, in order to make a drawing
legible, hatching was given to adhesive layer 85.
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[0156] First, as shown in FIG. 49, like the Embodiment 2,
after putting mask 25B shown in FIG. 48 on the back surface
of wafer 1W where alignment is made, binding material 8 of
liquid state (paste state) is selectively applied to the back
surface of wafer 1W through opening 25B1 of mask 25B,
being extended along the back surface of wafer 1W from on
mask 25B by squeegee 26. At this time, binding material 8 is
not applied to the location corresponding to mask pattern
25B2 of mask 25B in the back surface of wafer 1W.

[0157] Thus, after applying binding material 8 to the back
surface of wafer 1W selectively, as shown in FIG. 50, mask
25B is removed like the Embodiment 2. Then, a plurality of
fine solid-like adhesive layers 8¢ are selectively formed on the
back surface of wafer 1W by drying binding material 8 like
the Embodiments 1 and 2. Here, as shown in FIG. 51, the
plane area of adhesive layer 8¢ is extremely smaller than the
plane area of chip 1C. For this reason, since a big difference
will not be generated in the gross area of adhesive layer 8¢
arranged in the region of chip 1C even if the location of
adhesive layer 8c shifts a little vertically and horizontally
rather than the location which was being planned, the total
adhesive strength of adhesive layer 8c of the back surface of
chip 1C does not fall greatly, either. Since it is fine, and is
isolated and each adhesive layer 8¢ is mutually separated even
if the location of adhesive layer 8¢ shifted a little vertically
and horizontally rather than the location which was being
planned and adhesive layer 8c is arranged at cutting area CR
of wafer 1W, it does not become the hindrance of cutting of
wafer 1W. Therefore, the plane alignment accuracy of mask
25B for forming adhesive layer 8¢ and wafer 1W can be
eased.

[0158] Next, FIG. 52 shows the cross-sectional view of
wafer 1W at the time of wafer mounting step 102B3 of chip
division step 102B. FIG. 53 shows the cross-sectional view of
wafer 1W after WSS peeling process 102B4, and FIG. 54
shows the cross-sectional view of wafer 1W at the time of
division step 102B5.

[0159] At this step, as shown in FIG. 52, after sticking the
back surface (formation surface of adhesive layer 8¢) of wafer
1W on tape 10a of jig 10, as shown in FIG. 53, like the
Embodiments 1-4, supporting substrate 4 is peeled and adhe-
sive layer 3 is continuously removed like the Embodiments
1-4. Then, as shown in FIG. 54, wafer 1W is divided into each
chip 1C like the Embodiment 1-4 by making reforming area
PL of wafer 1W into a division origin (stealth dicing). Since
adhesive layer 8¢ is mutually separated by Embodiment 5
smaller than chip 1C at this time, when cutting chip 1C,
adhesive layer 8¢ can also be separated finely. Therefore,
since stealth dicing is employable, a semiconductor device
can be made thin. Since the external appearance failure of
chip 1C can be reduced, the yield of a semiconductor device
can be improved. An effect which is the same as that of the
Embodiments 1 and 2 can be acquired except this.

[0160] Since assembly process 102C after this is the same
as the Embodiments 1 and 2, explanation is omitted. In
Embodiment 5, although the explanation is made using the
flow of FIG. 1, the method explained by Embodiment 5 is
applicable also to the flow of FIG. 36.

Embodiment 6

[0161] FIG. 55 shows the cross-sectional view of the semi-
conductor device of Embodiment 6. In Embodiment 6, lower
layer chip 18C is mounted on the main surface of wiring
substrate 17 via bump electrode 30, where the main surface
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(device formation surface) is turned to the main surface of
wiring substrate 17. It electrically connects with the electrode
on the main surface of wiring substrate 17 through bump
electrode 30, and the integrated circuit of chip 18C is electri-
cally further connected to the wiring of wiring substrate 17.
Bump electrode 30 includes, for example lead (Pb)-tin (Sn)
solder. Under-filling 31 is filled up between the facing sur-
faces of chip 18C and wiring substrate 17.

[0162] Chip 1C is mounted on the back surface of chip 18C.
The back surface of chip 1C is adhered on the back surface of
chip 18C via adhesive layer 8a. The integrated circuit of the
main surface of chip 1C is electrically connected to electrode
17a of wiring substrate 17 via wire 21 like the Embodiment 1.
The thickness of the above-mentioned adhesive layer 8a is
smaller than the distance between the facing surfaces of chip
18C and wiring substrate 17.

[0163] The mounting method of lower layer chip 18C is as
follows, for example. First, chip 18C is transported to the chip
mounting region of wiring substrate 17, after the main surface
has turned to the bottom, and temporary fixing of bump elec-
trode 30 of the main surface of chip 18C and the electrode of
a main surface of wiring substrate 17 is made using paste
material. Then, bump electrode 30 of chip 18C and the elec-
trode of wiring substrate 17 are adhered (flip chip bonding) by
making reflow treatment (heat treatment). Then, under-filling
31 is filled up between the facing surfaces of chip 18C and
wiring substrate 17. Since the mounting method of the upper
chip 1C is the same as the Embodiment 1, explanation is
omitted. It is good also considering adhesive layer 8a as
adhesive layers 856 and 8¢ explained by the Embodiment 2,
and 4 and 5.

Embodiment 7

[0164] FIG. 56 shows the cross-sectional view of the semi-
conductor device of Embodiment 7. At Embodiment 7, on the
main surface of chip 1C1 (1C), other chip 1C2 (1C) is
mounted, where the main surface is turned upwards. The back
surface of chip 1C2 of the top layer is adhered on the main
surface of chip 1C1 via adhesive layer 8a. The integrated
circuit of the main surface of chip 1C2 is electrically con-
nected to electrode 17a of wiring substrate 17 via wire 21.
Since adhesive layer 8a of the back surface of chip 1C1 and
1C2 is formed thinly, the semiconductor device which has the
multi-stage structure of chip 18C, 1C1, and 1C2 can be made
into a thin shape. The thickness of adhesive layer 8a of the
back surface of chip 1C2 of the top layer is equal to the
thickness of adhesive layer 8a of the back surface of an
intermediate layer’s chip 1C1. By making equal thickness of
adhesive layer 8a of the back surface of respective chips 1C1
and 1C2, a thickness design of adhesive layer 8a of the back
surface of respective chips 1C1 and 1C2 can be made easy.
[0165] Chip 18C of an undermost layer may be pasted up on
the main surface of wiring substrate 17 by adhesive layer 20a
like the Embodiment 1. In this case, the thickness of adhesive
layer 20a is thicker than adhesive layer 8a of the back surface
of chip 1C1 and 1C2. Adhesive layer 8a is replaceable to
adhesive layer 85 or 8¢ explained by the Embodiment 2, and
4 and 5.

Embodiment 8

[0166] FIG. 57 shows the cross-sectional view of the semi-
conductor device of Embodiment 8. The semiconductor
device of Embodiment 8 is set to SIP (System In Package) by
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which the system of the desired function was built in one
package. On the main surface of wiring substrate 17, a plu-
rality of thin chips 18C, 1C, and 37C are laminated. Chip 18C
of the undermost layer is mounted on the main surface of
wiring substrate 17 via bump electrode 30 of the main surface.
Logic circuits, such as CPU (Central Processing Unit) and
DSP (Digital Signal Processor), are formed in the main sur-
face of this chip 18C, for example. On the back surface of this
chip 18C, chip 1C is mounted via adhesive layer 8a. Memory
circuits, such as SRAM (Static Random Access Memory) and
a flash memory, are formed in the main surface of this chip
1C, for example. Pad 1L.B of the main surface of this chip 1C
is electrically connected with electrode 17a of the main sur-
face of wiring substrate 17 via wire 21. On the main surface of
this chip 1C, chip 37C is mounted via spacer 35 and DAF 36.
Memory circuits, such as SRAM and a flash memory, are
formed in this chip 37C, for example, and the pad of the main
surface of chip 37C is electrically connected with electrode
17a of the main surface of wiring substrate 17 via wire 21.
Such chips 18C, 1C, and 37C and wire 21 are sealed by
sealing body 22.

[0167] Chip 18C may be pasted up on the main surface of
wiring substrate 17 by adhesive layer 20a like the Embodi-
ment 1. Adhesive layer 8a is replaceable to adhesive layer 85
or 8¢ explained by the Embodiment 2, and 4 and 5.

[0168] In the foregoing, the present invention accom-
plished by the present inventors is concretely explained based
on above embodiments, but the present invention is not lim-
ited by the above embodiments, but variations and modifica-
tions may be made, of course, in various ways in the limit that
does not deviate from the gist of the invention.

[0169] Although mainly the case where invention made by
the present inventor was applied to the manufacturing method
ofthe semiconductor device which is the utilization field used
as the background was explained in the above explanation, it
is not limited to it, but many things can be applied, for
example, it can be applied also to the manufacturing method
of'a micromachine.

[0170] The present invention is applicable to the manufac-
turing industry of a semiconductor device.

1. A method of manufacturing a semiconductor device,

comprising the steps of:

(a) providing a wiring substrate including a main surface, a
plurality of wirings formed on the main surface, a plu-
rality of first electrodes formed on the main surface, a
back surface opposite to the main surface, and a plurality
of second electrodes formed on the back surface;

(b) disposing a first adhesive material on the main surface
of the wiring substrate;

(c) after the step (b), mounting a first semiconductor chip
over the main surface of the wiring substrate via the first
adhesive material such that a first rear surface of the first
semiconductor chip faces the main surface of the wiring
substrate, and such that the wirings formed on the main
surface of the wiring substrate are overlapped with the
first semiconductor chip via the first adhesive material,
and whereby a part of the first adhesive material is over-
flowed from a first side surface of the first semiconductor
chip in a cross-sectional view, and whereby a part of the
first side surface of the first semiconductor chip is cov-
ered with the part of the first adhesive material, the first
semiconductor chip including a first front surface, a
plurality of first bonding pads formed on the first front
surface, the first rear surface opposite to the first front
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surface, and the first side surface located between the

first front surface and the first rear surface;

(d) after the step (), stacking a second semiconductor chip
over the first front surface of the first semiconductor chip
via a second adhesive material formed on a second rear
surface of the second semiconductor chip, such that the
second rear surface of the second semiconductor chip
faces the first front surface of the first semiconductor
chip, and such that an entirety of the second semicon-
ductor chip is located inside the first bonding pads, the
second semiconductor chip including a second front
surface, a plurality of second bonding pads formed on
the second front surface, the second rear surface oppo-
site to the second front surface, and a second side surface
located between the second front surface and the second
rear surface;

wherein the second semiconductor chip is formed by fol-
lowing steps (d1)-(d3),

(d1) providing a semiconductor wafer having a third
front surface, and a third rear surface opposite to the
third front surface;

(d2) forming an adhesive layer on the third rear surface
of the semiconductor wafer; and

(d3) cutting the semiconductor wafer and the adhesive
layer, whereby the second semiconductor chip having
the second adhesive material formed on the second
rear surface is obtained; and

(e) sealing the first semiconductor chip and the second
semiconductor chip with a resin;

wherein a thickness of the second adhesive material is
thinner than a thickness of the first adhesive material
located directly under the first semiconductor chip.
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2. The method according to claim 1, further including
providing the main surface of the wiring substrate to have a
greater surface irregularity as compared to a surface irregu-
larity of the first front surface of the first semiconductor chip.

3. The method according to claim 1, further including
forming the second adhesive material using a spin coating
method.

4. The method according to claim 1, further including
disposing a paste-like material as the first adhesive material
on the main surface of the wiring substrate.

5. The method according to claim 1, further including after
the step (d) and before the step (e), electrically connecting one
of'the first bonding pads of the first semiconductor chip with
one of the first electrodes of the wiring substrate via a wire.

6. The method according to claim 1, further including after
the step (d) and before the step (e), electrically connecting one
of'the second bonding pads of the second semiconductor chip
with one of the first bonding pads of the first semiconductor
chip via a wire.

7. The method according to claim 1, further including
forming the second adhesive material on the second rear
surface of the second semiconductor chip to have a thickness
that is less than 10 um.

8. The method according to claim 7, further including
forming the second adhesive material on the second rear
surface of the second semiconductor chip to have a thickness
that is less than or equal to 5 um.

9. The method according to claim 1, further including
disposing the first adhesive material on the main surface of the
wiring substrate to have a thickness that is greater than or
equal to 10 pm.



