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REINFORCEMENT MATERIAL FOR SILICONE WAFER AND PROCESS FOR PRODUCING IC CHIP
USING SAID MATERIAL TECHNICAL FIELD The present invention relates to
reinforcing material for silicon wafer and method of manufacture of IC
chips using said reinforcing material. In particular, the present invention
relates to reinforcing material provided on a silicon wafer for the purpose
of damage prevention of the silicon wafer during dicing and of IC chips
after dicing, and method of manufacture of IC chips using said reinforcing
material. BACKGROUND ART In recent years , in accordance with thinning of
IC chip package, thinning of IC chips themselves has been attempted.
Especially the thinning of the IC chips for IC cards is essential require
thinning as far as possible, since they are not packaged but they connect
themselves directly to the circuits of substrates. Thinning of IC chips is
generally accomplished by    6 P~~~R 2iJ~3 back-grinding of silicon wafers.
Practically they are required to be as thick as 150 to 200 (err)m, though
the thinner the better, considering that they are mounted on IC cards. IC
chips as thick as 200,u m or below, especially 150(err)m or below are
generally easily breakable. Chip breaking particularly tends to occur
during dicing of silicon wafers to form IC chips , during picking up of IC
chips , during wire bonding, or during mounting on substrate circuits in
the face-down process. Therefore, prevention of silicon wafer damaging
during dicing and chip breaking are desired as IC chips become thinner. 



The Japanese Patent Application Laid-open No. 2000 148960 discloses a
technology for a semiconductor apparatus that forms IC cards by
simultaneously attaching plurality of pieces of reinforcing metal to
plurality of IC chips . In this technology, reinforcing metal pieces are
attached after formation of IC chips by dicing silicon wafers on which
circuits are formed. Therefore, damage prevention of silicon wafers during
dicing is also desired in such a technology. DISCLOSURE OF THE INVENTION It
is the purpose of the present invention to provide reinforcing materials
for silicon wafers that prevent damage of silicon wafers during dicing, and
further prevent damage of IC chips obtained by dicing to make IC chips
easier to - 2    fi P~IA~ 2003 4 handle. In order to solve the above
mentioned problem, the reinforcing materials for silicon wafers of the
present invention are characterized by being attached to the surfaces of
wafers on which circuits are not formed before dicing said silicon wafer on
which circuits are formed, said reinforcing material being comprised of
base material and an adhesive, and having Rockwell hardness of 60 or above.
Said adhesive is preferably provided on one side of said base material, or
impregnated in said base material. Rockwell hardness of said base materials
is preferably 60 or above. Further, said adhesive is preferably curable
adhesive, the Rockwell hardness of said reinforcing material after said
curable adhesive is cured is preferably 60 or above. The method of
manufacture of IC chips of the present invention is characterized by having
a step of providing reinforcing material on the surface of a silicon wafer
on which circuits are not formed, before dicing of said silicon wafer on
which circuits are formed, and a step of simultaneous dicing of said
silicon wafer and the reinforcing material provided on said silicon wafer,
said reinforcing material being comprised of base material and adhesive and
having Rockwell hardness of 60 or above. The method of manufacture of said
IC chips preferably has a step of curing of said adhesive forming
reinforcing material, before dicing of said silicon wafers . - 3    .. ~;
E~iA~ 2~J0~ 



The above and other objects, effects, features and advantages of the
present invention will become more apparent from the following description
of embodiments thereof taken in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS Figures lA through 1C are schematic
cross-sectional views illustrating in the order the steps of the first
method of manufacture of IC chips according to the present invention.
Figures 2A through 2D are schematic cross-sectional views illustrating in
the order the steps of the second method of manufacture of IC chips
according to the present invention. BEST MODE FOR CARRYING OUT THE
INVENTION The reinforcing material for silicon wafer according to the
present invention and the method of manufacture of IC chips using said
reinforcing material are explained below. Firstly, the reinforcing material
for silicon wafers according to the present invention is explained. The
reinforcing material for silicone wafer according to the present invention
is comprised of base material and adhesive for attaching said base material
to silicon wafers . Damage prevention of silicon wafers during dicing can
be realized - 4    F P~A~ 10(l3 by attaching the reinforcing material to
the surface of a silicon wafer on which circuits are not formed ( to be
called the bottom surface of a silicon wafer hereafter) , and dicing the
silicon wafer and the reinforcing material simultaneously. The Rockwell
hardness of the reinforcing material should be 60 or above in order to
obtain sufficient reinforcing effect using the reinforcing material of the
present invention. The term "Rockwell hardness (to be called HRM hereafter)
" here in this specification is used as a unit for evaluation of hardness
of reinforcing materials, determined according to the method described
below. As the base material comprising the reinforcing material according
to the present invention, for example, sheet-formed base materials (base
material sheets) of metal foils such as stainless steel or copper,
fiber-reinforced plastics, liquid crystalline polymers, engineering
plastics such as polyimide or polyethersulfone, plastics such as
polypropylene or polyethylene can be cited. Fibers such as glass fiber,
metal fibers, and plastic fibers can also be used. On the other hand, as
the adhesive used for the reinforcing materials according to the present
invention, for example, adhesives consisting of thermoplastic resins such
as polyimides, polyesters, polyacrylates, and polydimethylsiloxanes,
orthermosetting resins (to be called thermosetting adhesives hereafter)
such as epoxy resins, - 5    



.. ~ ~~~~~ zoa 3 phenol resins, urea resins and melamine resins can be
cited. Further as the curing agents added to these thermosetting adhesives,
for example, dicyandiamide, polyamide, and phthalic anhydride can be cited.
These curing agents are preferably added in the ratio of 1 to 200 parts by
weight for 100 parts by weight of thermosetting resins . Curing of
thermosetting adhesives can be achieved by heat-treatment in the
temperature range of 50 C to 300 C, more preferably 100 C to 250 C , for 10
seconds to 6 hours ( though not particularly limited. Photo-curable
adhesives based upon such polymers as (meth) acrylates and epoxy resins as
the main polymer can also be used. As the photo-polymerization initiators
added to these photo-curable adhesives, there are benzoin, acetophenone,
and benzophenone, that are preferably added to the main polymer in the
ratio of 0 . 001 to 10 parts by weight for 100 parts by weight of the main
polymer. Curing of photo-curable adhesives can be achieved by
photo-irradiation. As the light source used for photo-irradiation, for
example, incandescent lamps, carbon arc lamps, fluorescent lamps, mercury
lamps , xenon lamps , and fusion H lamps can be cited . Conditions of
photo-irradiation are usually intensity of irradiation of 30 w/cm to 500
w/cm, distance of irradiation of 1 cm to 50 cm, and irradiation time of 0.1
second to 600 seconds, though not particularly limited. Appropriate
combination of said base material and adhesive enables HRM of the
reinforcing material to be 60 - 6    h ~r~,~; ~ous or above. Particular
examples are explained below as embodiments 1 through 3. The first
embodiment 1 is a reinforcing material comprised of a base material sheet
with HRM of 60 or above, and an adhesive provided on one side of said base
material sheet. The thickness of the base material sheet is, for example, 1
to 100 (err)m, more preferably 5 to 70 ,um, though not particularly
limited. The thickness of the adhesive provided on one side of the base
material sheet is, for example, 1 to 50(err)m, more preferably 5 to 35
(err)m, though not particularly limited. The method of providing adhesives
on said base material sheet is not particularly limited, and can be carried
out by well-known methods. For example, the adhesive is applied directly on
the base material sheet by potting, or uniformly applied using a
knife-coater or a T-die extruder. In case the adhesive is solvent type,
heat-treatment is carried out in the temperature range of 30 C to 150 C for
30 seconds to 2 hours to remove the solvent after application of the
adhesive. Further, as an indirect method, an adhesive can be applied on a
process material having release property to form an adhesive sheet by the
above-mentioned method, and then the adhesive sheet is then attached to the
base material sheet . As the method of attaching, for example, the sheet
can be attached by pressurizing in a range of 10 Pa to 100 MPa using a
press machine or a roll press machine in a temperature range    - G P~i~n
?003 of -40 C to 150 C . Next, the second embodiment is a reinforcing
material comprised of a base material sheet and a curable adhesive provided
on one side of said base material sheet, of which HRM after the curable
adhesive is cured is 60 or above. The thickness of the base material sheet
is, for example, 1 to 100 gum, more preferably 5 to 70 (err)m, though not
particularly limited. The thickness of the adhesive layer provided on one
side of the base material sheet is, for example, 1 to 200 ,um, more
preferably 5 to 100 (err)m, though not particularly limited. A base
material sheet with HRM of 60 or above not necessarily be used, if HRM of
the reinforcing material after the curable adhesive is cured can be made 60
or above. For example, base material sheets with HRM of less than 60 such
as polyethylen e(HRM40) can be used. Although thermosetting adhesives or
photo-curable adhesives described above can be used as said curable
adhesive, thermosetting epoxy adhesives with excellent tensile strength,
flexural strength, and impact strength after curing is preferably used.
Manufacture of reinforcing materials in said second embodiment can be
carried out in the same way as said first embodiment. 



Further, in the third embodiment, the reinforcing material is comprised of
a base material consisting of fibers impregnated with a curable adhesive,
of which the HRM after the curable adhesive is cured is 60 or above. In
this case, _ g _   L P,v!,~' ~JU3 the reinforcing material can be either
fibers formed into sheets and impregnated with curable adhesive, or cut
fibers mixed with curable adhesive and formed into sheets. The thickness of
the reinforcing material is 20 to 150 Vim, more preferably 50 to
100,(err)m, though not particularly limited. The amount of the curable
adhesive used for the amount of fibers is 10 to 500 parts by weight (
preferably 20 to 200 parts by weight ( of curable adhesive for 100 parts by
weight of fibers, though not particularly limited. When the amount of
curable adhesive used for 100 parts by weight of fibers is less than 10
parts by weight, required Rockwell strength cannot be obtained, and when it
surpasses 500 parts by weight , the reinforcing material becomes brittle
and easy to break. Further, although thermosetting adhesives or
photo-curable adhesives described above can be used as the curable
adhesive, thermosetting epoxy adhesives with excellent tensile strength,
flexural strength, and impact strength after curing is preferably used. In
the combination of the base material and the adhesive in said third
embodiment, manufacture of the reinforcing material is carried out by the
method of uniformly applying a mixture of fiber and curable adhesive on a
process material with release property using a knife coater or a T-die
extruder, or by the method of impregnating the fiber formed into sheets in
advance with curable adhesive using a roll coater or a knife coater. Next,
the method of manufacture of IC chips according - 9    ^ 1 ! ,, to the
present invention is explained with reference to drawings. Figures lA
through 1C are schematic cross-sectional views illustrating in the order
the steps of the first method of manufacture of IC chips according to the
present invention . Thus, the first method of manufacture includes: the
first step of preparing a reinforcing material 3 comprised of a base
material sheet 1 and adhesive 2, and a silicon wafer 4 having the circuit
side 4a on which circuits are formed (Figure 1A); the second step of
attaching the adhesive 2 side of the reinforcing material 3 to the bottom
side 4b of the silicon wafer 4 (Figure 1B); and the third step of dicing
both the reinforcing material 3 and the silicon wafer 4 to divide them into
IC chips (Figure 1C). Therefore, each of the IC chips 5 obtained by this
method of manufacture is characterized by being provided with a reinforcing
material 3. In order to obtain sufficient reinforcing effect in the
manufacture of IC chips, use of reinforcing material with HRM of 60 or
above is essential. Figures 2A through 2D are schematic cross-sectional
views illustrating in the order the steps of the second method of
manufacture of IC chips according to the present invention . Thus, the
second method of manufacture includes: the first step of preparing a
reinforcing material 6 comprised of fibers and curable resin, and a silicon
wafer 



- 10    ~ f'1.~'.`.' ~~J.f 4 having the circuit side 4a on which circuits
are formed (Figure 2A); the second step of attaching the reinforcing
material 6 to the bottom side 4b of the silicon wafer 4 (Figure 2B) ; the
third step of curing the curable adhesive (Figure 2C); and the fourth step
of dicing both the reinforcing material 6 and the silicon wafer 4 to divide
them into IC chips (Figure 2D). Therefore, each of the IC chips 7 obtained
by this method of manufacture is characterized by being provided with a
reinforcing material 6. In order to obtain sufficient reinforcing effect in
the manufacture of IC chips, use of reinforcing material with HRM of 60 or
above after the curable adhesive is cured is essential. The reinforcing
material 6 is prepared either by impregnating fibers formed into sheets
with curable adhesives or by extruding a mixture of fibers and curable
adhesives in a form of sheet. Curing of curable adhesives can be achieved
by heating when thermosetting adhesive is used and by photo-irradiation
when photo-curable adhesive is used respectively. The arrows in Figure 2C
schematically show heat-treatment or photo-irradiation for reinforcing
material impregnated with curable adhesives. Even in the case of
reinforcing material comprised of a base sheet and adhesive provided on one
side of said base material sheet wherein the adhesive is a curable
adhesive, - 11    G :'^~' Ifs ~0,3 IC chips can be manufactured by
providing a step of curing of the adhesive as in the second method of
manufacture described above. According to the method of manufacture of IC
chips depending upon the present invention, since both the silicon wafer
and the reinforcing material attached to the bottom side of said silicon
wafer are diced together, not only prevention of damage of silicon wafers
during dicing can be prevented but also IC chips provided with reinforcing
materials can be obtained in an easier way than before. Moreover, the IC
chips obtained are provided with the same size of reinforcing materials.
Therefore, they can be handled in the same way as the conventional IC chips
in the steps after dicing, and can be effectively prevented from damages.
(Examples) Although the reinforcing materials and the method of manufacture
of IC chips according to the present invention is explained in more detail
in reference to examples , it is needless to say that the present invention
is not limited by those examples but can be widely modified within the
range of its spirit. The examples are described using the reference numbers
in the drawings. Therefore, the present invention may be easily understood
by reference to Figures 1A through 1C and 2A through 2D. The Rockwell
hardness test and chip break test of the IC chips provided with reinforcing
materials in the following 



- 12    ~~ "Sri t ~JR45 examples were carried out as follows. <Rockwell
hardness (HRM) test> The Rockwell hardness tests were carried out according
to the scale M of JIS K7202 "Rockwell hardness test of plastics". The
reinforcing material comprised of the base material sheet and the adhesive
provided on one side of said base material sheet is loaded from the base
material sheet side. The reinforcing material (single layer structure in
this case) comprised of base material comprising fibers and a curable
adhesive is loaded from an optional side. Further, when curable adhesive
was used, determination was carried out after curing of the adhesive. The
Rockwell hardness vales determined by the above-mentioned method indicate
higher hardness as the values are higher, with the upper limit of 200.
Determined values of Rockwell hardness higher than 200 are indicated as 200
or more. <Chip break test> In chip break tests, test pieces of silicon
wafer diced in a size of 5 mm by 5 mm were placed on a 2 mm thick of
nitrile rubber sheet, 1.0 mm diameter of copper balls were placed on them
and damage of the chips when loads of 3N were applied were examined.
(Example 1) Example 1 illustrates a method of manufacture of an IC chip 5
by forming a reinforcing material 3 comprised of a base material sheet 1
and adhesive 2 provided on one side of said base material sheet 1, and then
attaching it to a - 13    ' E) ~-:,'';i ~'00' silicon wafer before dicing.
A 20 (err)m thick sheet of thermoplastic polyimide resin adhesive 2 was
applied to one side of a 30 ,um stainless steel foil as the base material
sheet 1 to form reinforcing material 3, that was die-cut to obtain a 5 inch
diameter disc. A 50 (err)m thick of 5 inch diameter silicon wafer 4 was
separately prepared. Next the adhesive 2 side of the cut reinforcing
material 3 was attached to the bottom side 4b of the silicon wafer 4. Then
the silicon wafer 4 and the reinforcing material 3 were completely attached
by heating under a pressure of 5 kPa at 230 C for 30 minutes. Next the
silicon wafer 4 provided with reinforcing material 3 was diced to form 5 mm
by 5 mm square IC chips 5 using a wafer-dicing machine A-WD4000B from Tokyo
Seimitsu Co. Ltd. The IC chips obtained were inspected with a reflection
microscope to find no cracks of 5 (err)m or above. Next Rockwell hardness
test of the reinforcing material and chip break test of IC chips 5 obtained
were carried out . The results are shown in Table 1. (Example 2) 



Example 2 was carried out in the same way as Example 1 except that the
reinforcing material 3 was prepared by applying polydimethylsiloxane-based
pressure sensitive adhesive as adhesive 2 on one side of a 50 (err)m thick
of polyimide film as the base material sheet 1 so that the thickness after
drying is 20 (err)m. However, adhesion of the - 14    - G as:'~n L`;OS
reinforcing material 3 and silicon wafer 4 was carried out by pressurizing
at 5kPa using a press roller and then heating at 80 C for 3 minutes . Next,
IC chips were obtained from the silicon wafer 4 provided with the
reinforcing material 3 in the same way as Example 1, and observation showed
no crack of 5 ,gym or more on the IC chips. Then Rockwell hardness test of
the reinforcing material 3 and chip break test of IC chips 5 obtained were
carried out. The results are shown in Table 1. (Example 3) Example 3 was
carried out in the same way as Example 1 except that the reinforcing
material 3 was prepared by attaching an 82 ,u m thick sheet-formed adhesive
2 made of thermosetting epoxy resin to one side of 20 ,u m thick
polyethylene film as base material sheet 1. Here, the thermosetting epoxy
resin sheet as the adhesive 2 is prepared by adding 10 parts by weight of
dicyandiamide as a curing agent to 100 parts by weight of bisphenol A-based
epoxy resin, mixing and molding by extrusion . Adhesion of the reinforcing
material 3 and the silicon wafer 4 was carried out at 120 C for 60 minutes.
During this, curing of the adhesive 2 occurred by heating. Next, IC chips 5
were obtained from the silicon wafer 4 provided with the reinforcing
material 3 in the same way as Example 1, and observation showed no crack of
5 ,u m or more on the IC chips. - 15    i'~'~~;;~ L~~~~S Then Rockwell
hardness test of the reinforcing material 3 and chip break test of IC chips
5 obtained were carried out. The results are shown in Table 1. The Rockwell
hardness test was carried out with the reinforcing material after heat
curing of the adhesive at 120 C for 60 minutes . (Example 4) Example 4
illustrates a method of manufacture of IC chips 7 provided with reinforcing
material 6 prepared by mixing fibers with thermosetting adhesive and
forming into a sheet. To 100 parts by weight of bisphenol-A-based epoxy
resin, 60 parts by weight of polyamide was added as a curing agent to form
a thermosetting adhesive, mixed with 100 parts by weight of glass fiber
with fiber diameter of 10 ,um and length of 20 mm to be the base material,
and extrusion-molded to prepare 100 (err)m thick glass fiber sheet to be
the reinforcing material 6 impregnated with thermosetting epoxy resin. Then
the reinforcing material 6 obtained was die-cut into a 5 inch diameter
disc. Also a 50 ,u m thick 5 inch diameter silicon wafer 4 was prepared.
Next, the bottom side 4b of silicone wafer 4 and the die-cutting
reinforcing material 6 were attached. And then, the silicone wafer 4 and
the die-cutting reinforcing material 6 were adhered by heating at 200 C for
30 minutes thereby curing the thermosetting adhesive. 



Next , IC chips 7 were obtained from the silicon wafer 4 provided with the
reinforcing material 6 in the same way - 16    - 6 i~i..-?~; 2g13 as
Example 1 ( and observation showed no crack of 5 ,um or more on the IC
chips. Then Rockwell hardness test of the reinforcing material 6 and chip
break test of IC chips 7 obtained were carried out. Both the results are
shown in Table 1. The Rockwell hardness test was carried out with the
reinforcing material after curing of the adhesive. (Comparative example 1)
Comparative example 1 was carried out in the same way as Example 1 except
that the reinforcing material 3 was prepared using 80 ,(err)m thick
polyethylene film as the base material sheet, and applying acrylic
ester-base pressure sensitive adhesive as the adhesive 2 on one side of
said polyethylene film to be the thickness of 20(err)m after drying.
Adhesion of reinforcing material 3 and silicon wafer 4 was carried out by
pressurizing at 5kPa using a press roller and then heating at 80 C for 3
minutes. Next, IC chips 5 were obtained from the silicon wafer 4 provided
with the reinforcing material 3 in the same way as Example 1, and
observation showed cracks of 5 (err)m or more at the ends of five IC chips
out of 100 IC chips. Then Rockwell hardness test of the reinforcing
material 3 and chip break test of IC chips 5 obtained were carried out. The
results are shown in Table 1. (Comparative example 2) A silicon wafer
having 50 (err)m of thick and 5 inch of diameter 4 was prepared and was
diced to form 5 mm by 5 mm - 17     square IC chips 5 using a wafer-dicing
machine A-WD4000B from Tokyo Seimitsu Co . Ltd. The IC chips obtained were
inspected with a reflection microscope to find cracks of 5 gum or more at
the ends of 32 IC chips out of 100 IC chips . Chip break test of IC chips 5
obtained was carried out. The results are shown in Table 1. 



Table 1 HRM of reinforcingChip breakmaterialtest result*Example 1200 or
more0Example 2920Example 3750Example 4950Comparativ4065a example
1Comparativ-gga example 2 * Each number shows the number of broken chips
out of 100 chips. According to the present invention as explained above,
providing the bottom side of silicon wafer with reinforcing material prior
to dicing of the silicon wafer enables to prevent damage of silicon wafer
during dicing and greatly reduce chip break to occur, and enables to
provide reinforcing material that enables improvement of productivity. It
also enables to provide method of manufacture of IC chips that do not break
during picking-up after dicing, during mounting on substrate circuits, and
- 18    - h ,~,~; 2003 during wire bonding. The present invention has been
described in detail with respect to preferred embodiments, and it will now
be apparent from the foregoing to those skilled in the art that changes and
modifications may be made without departing from the invention in its
broader aspects, and it is the intention, therefore, in the appended claims
to cover a11 such changes and modifications as fall within the true spirit
of the invention. - 19    -- (j h,~',',.a; LJU,I WHAT IS CLAIMED IS: 



1. Reinforcing material for silicon wafer being attached, prior to dicing
of said silicon wafer on which circuits are formed, to one side of said
silicon wafer on which circuits are not formed, wherein said reinforcing
material is comprised of base material and adhesive, and has M-scale
Rockwell hardness of 75 or above. 2 . The reinforcing material according to
Claim 1, wherein said adhesive is provided on one side of said base
material. 3 . The reinforcing material according to Claim 1, wherein said
adhesive is impregnated in said base material. 4. The reinforcing material
according to Claim 1, wherein said base material has M-scale Rockwell
hardness of 75 or above. 5 . The reinforcing material according to Claim 1,
wherein said adhesive is curable adhesive and M-scale Rockwell hardness of
said reinforcing material after curing of said curable adhesive is 75 or
above. 6. Method of manufacture of IC chips comprising the steps of
providing reinforcing material on the side of said - 20    s ~r,u,a luo,7
silicon wafer on which circuits are not formed, prior to dicing of silicon
wafer on which circuits are formed; and 



dicing both said silicon wafer and reinforcing material provided on said
silicon wafer, wherein said reinforcing material is comprised of base
material and adhesive, and has M-scale Rockwell hardness of 75 or~r above.
7 . The method of manufacture of IC chips according to Claim 6 further
comprising the steps of curing said adhesive of said reinforcing material
prior to dicing of said silicon wafer . - 21  .AF.A3y.A.
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