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METHOD OF FORMING BUMPS

BACKGROUND OF THE INVENTION

The present invention relates to a method of
forning bumps as electrical, mechanical and thermal
connections or contacts on a semiconductor device.

There are many examples as to the method of
forming bumps on a semiconductor device. For example,
metal is deposited by plating to form bumps on the pads
of a semiconductor device (plating methodi; a solder
paste is printed on the pads of a semiconductor device,
heated so that solder particles withih the paste are
melted, and thereafter solidified to form bumps on the
pads {printing method); and one end of gold wire is
bonded to a pad, and then the wire is cut so that the
bonded part of wire is left as a bump(wire bonding
method). In addition, as disclosed in USP No. 5284287,
solder balls are sucked in the cavities of a pick-up
tool by vacuum, placed on the pads of a semiconductor
device, and heated to melt, and solidified to form bumps
{conventional type solder ball method).

These conventional methods, however, have the
following drawbacks. In general, the larger the cubic
volume of the bumps, the longer the life of the
connection between the semiconductor device and an
electronic circuit board through the bumps can be

extended. 1In the plating method and printing method,
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however, it is difficult in principle to form bumps of
enough cubic volume. Moreover, since the heights of the
bumps scatter, all the bumps cannot be properly
connected between the semiconductor device and the
electronic circuit board. In the wire bonding method,
the material of the wire is limited to only & particular
one such as gold. Also, since bumps are produced one by
one, it takes a wvery long time, one hour or more to
produce many pads as for a semiconductor device having
tens of thousands pads.

In the conventional type solder ball method,
the scattering of the bump height is small, and bumps of
enough volume can be produced, but the pick-up tool for
use in sucking balls by vacuum to hold is complex in
structure and requires a delicate perforating technique
for very fine holes or cavities when it is produced.
Since this tool becomes expensive in proportion to the
number of holes required, the cost of forming'bumps
increases when the tool is used for a semiconductor

device that needs a large number of bumps.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a
method of forming bumps of enough cubic volume which
have small scattering of bump height and no limitation
to material to be selected, and which method can be used
for the bumps of a semiconductor device that needs a

large number of bumps, or is able to produce bumps fast
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and at low cost, thus providing low-cost semiconductor
devices to the market.

In order to achieve the above object, the
present invention has executed the following means.
First, conductive spheres such as solder balls are
fundamentally used in order to provide bumps of enough
cubic volume with small scattering of bump height and
with no limitation to material to be selected. In
addition, to actualize the high-speed low-cost

production of bumps that can be applied to the

production of bumps in a semiconductor device that needs

a large number of bumps, low cost tools such as a
printing metal stencil and brush that are moved in
parallel are used to place a large number of solder

balls on a semiconductor device at a time, which are

then pushed against the pads of the semiconductor device
by a pressing tool so that the bumps to be formed can be
prevented from being defective, and thereafter the
solder balls are heated to form bumps. Moreover, it is
checked if the produced bumps are excessive or insuf-
ficient, and if necessary, re-trying operation is

performed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is part of a flow diagram of bump
formation according to the invention.

Fig. 2 is another part of a flow diagram of

bump formation according to the invention.
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Fig. 3 is the last part of a flow diagram of
bump formation according to the invention.

Fig. 4 is a diagram of an example of a
semiconductor device and a magnified part thereof.

Fig. 5 is a diagram of a tool for use in this
invention.

Figs. 6A and 6B are diagrams of the semicon-
ductor device with flux provided.

Fig. 7 is a diagram of the tool and the
semiconductor device aligned with each other, and which
have a gap set between the stencil of the tool and the
semiconductor device by a rectangular spacer.

Fig. 8 is a diagram of the tool and the
semiconductor device aligned with each other, and which
have a gap set between the stenci; of the tool and the
semiconductor device by a wire-shaped spacer.

Fig. 9 is a diagram of the tool and the
semiconductor device aligned with each other, and which
have a gap set between the stencil of the tool and the
semiconductor device by a projection provided on the
stencil surface.

Fig. 10 is a diagram showing an example in
which a squeegee is used for a charging process.

Fig. 11 is a diagram showing another example
in which air flow is used for the charging process.

Fig. 12 is a diagram showing still another
example in which vibration is used for the charging

process.
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Fig. 13 is a diagram showing still further
example in which the tool and the semiconductor device
are tilted for the charging process.

Fig. 14 is a diagram showing an example in
which a pressing tool with projections is used when
pressing.

Fig. 15 is a diagram showing another example
in which a pressing tool with recesses is used when
pressing.

Fig. 16 is a diagram showing still another
example in which a pressing tool with an elastic member
provided on the pressing surface is used when pressing.

Fig. 17 is a cross-sectional diagram of the
through-holes of the tool with their diameter changed in

the direction of their center axis.

DETAILED DESCRIPTION OF THE EMBODIMENTS

An embodiment of the invention will be
described with reference to Figs. 1 to 16. In those
figures, like elements are identified by the same
reference numerals, and will not be described. Figs. 1,
2 and 3 show a fundamental flow of the bump formation
according to the invention. The bump formation flow
according to the invention basically includes an
alignment process, a ball charging process and a heating
process as illustrated in Figs. 1, 2 and 3. These
processes will hereinafter be described in order, with

reference to other figures, if necessary. Referring to
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Figs. 1, 2 and 3, there are shown a semiconductor device
1 on which bumps are to be formed, a tool 2, conductive
spheres 3, completed bumps 4, through-holes 6 of the
tool 2 that will be described later, a brush 7, and a
pressing tool 9. In addition, there are shown a stencil
2a of the tool 2, and a frame 2b of the tool 2.

Although the semiconductor device 1 on which bumps can
be formed according to the invention may be of different
types such as a wafer not protected, a wafer protected
with resin, a cut-away part of the wafer and a packaged
cut-away part of the wafer, a wafer-shaped semiconductor
device is used as an example of the semiconductor device
1. This is because the effect of the invention is
generally great on forming bumps of a wafer-type
semiconductor device that needs a large number of bumps.
Fig. 4 shows the semiconductor device 1 on which bumps
are formed according to the embodiment of the invention,
and a magnified part of the device. The semiconductor
device 1 has a large number of pads 5 on which bumps are
to be formed, for example, at most tens of thousands of
pads 5. The tool 2 is formed by the frame 2b and the
stencil 2a as illustrated by the cross-sectional view of
Fig. 5. The stencil 2a has through-holes 6 formed to
oppose to the pads 5 of the semiconductor device 1.

This stencil 2a can be made of a material of metal or
resin. The diameters of the through-holes 6 are in the
range from that of the electric-conductive spheres 3 to

less than twice that of the spheres 3 that are used in
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the charging process. The through-holes 6 of this tcol
2 can be formed by machining using a drill or by a
chemical process such as etching or electroforming. If
an appropriate one of those processes is selected
according to the number of through-holes 6, the through-
holes can be formed in the tool 2 at a relatively low
cost.

The bump formation flow is as follows. First,
an adhesive supply process is executed to supply an
adhesive on the pads 5 of the semiconductor device 1.
This adhesive may be flux, solder paste or conductive
adhesive. The adhesive such as flux is supplied by
printing with a stencil or by spin coating using the
centrifugal force. Figs. 6A and 6B are cross-sectional
diagrams of part of the semiconductor device 1 with an
adhesive 10 provided on the pads 5 of the semiconductor
device 1. Fig. 6A shows the adhesive 10 coated over the
entire surface of the semiconductor device 1 including
the pads 5, and Fig. 6B shows the adhesive 10
selectively coated only on the pads of the device 1.

Next, the alignment process is executed to
align the pads 5 of the semiconductor device 1 with the
through-holes 6 of the tool 2. The alignment is
performed manually by usual recognition as in the
stencil printer or automatically by using an automatic
stage and the image processing that pays attention to
the features of a video image picked up by a CCD camera.

Fig. 7 is a magnified view of the completed alignment
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between the device 1 and the tool 2. In Fig. 7, there
is shown a rectangular spacer 8a that is set between the
device 1 and the tool 2 in order to fix the gap
therebetween. Fig. 8 shows an example of using a wire-
shaped spacer 8b. Fig. 9 shows an example of using a
spacer that is integrally formed with the tool 2. These
spacers 8 can prevent the through-holes 6 from being
contaminated with the adhesive 10 such as flux that is
coated on the pads 5 of the semiconductor device 1. 1In
other words, if the height of the spacer 8 is selected
to be larger than that of the supplied adhesive 10 such
as flux. There is no risk that the tool 2 is made in
contact with the adhesive such as flux.

In the ball charging process, the conductive
spheres 3 of which the number is larger than that of the
bumps being formed are supplied on the tool 2. The
supplied conductive spheres 3 are dropped down into the
through-holes 6 of the tool 2 by the translational
motion of the brush 7 shown in Fig. 2, or the through-
holes 6 are charged with the conductive spheres 3. In
addition, the excessive conductive spheres 3 on the tool
2 are removed from the regions in which the through-
holes 6 occupy on the tool 2 by the translation of the
brush 7. In order that the number of spheres 3 charged
into one through hole 6 of the tool 2 is limited to one,
the dimension h shown in Fig. 7 is required to be less
than 1.5 times as large as the diameter of the conduc-

tive sphere 3. The charging of conductive spheres 3
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into the though holes 3 of the tool 2 can be performed
not only by using the brush 7, but also by using the
translation of a squeegee 11 shown in Fig. 10, using an
air flow 13 from an air nozzle 12 shown in-'Fig. 11, the
vibration shown in Fig. 12 or the tilting of the tool 2
and device 2 shown in Fig. 13. Also, the excessive
conductive spheres 3 can be removed from around the
through-holes 6 by those means. Thereafter, if
necessary, tests are made of if the through-holes 6 have
been completely charged with the spheres, and if the
excessive spheres 3 have been completely removed from
around the through-holes 6, thus making sure of the
processes. The tests can be performed by the usual
recognition of the operator or by the automatic
recognition using the combination of the electric CCD
and image processor. If the charging operation and the
excessive sphere removal are found not to be complete,
the charging process is repeated, the spheres 3 are
added, or the excessive conductive spheres 3 are
directly removed by workers, thus solving those
problems.

After the completion of the charging of
conductive spheres into the through-holes 6 and the
removal of excessive conductive spheres 3 from around
the through-holes 6, the pressing tool 9 is moved up and
down to press the conductive spheres 3 in the through-
holes 6 against the semiconductor device. After the

pressure, the tool 2 is lifted away from the semi-
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conductor device 1. In this case, since the conductive
spheres 3 stuffed in the through-holes 6 are pressed
down, the spheres 3 are closely attached to the pads 5
and thus securely fixed on the pads 5 by the adhesion of
the adhesive 10. Therefore, when the tool 2 is pulled
up from the semiconductor device 1, the conductive
spheres 3 are left on the semiconductor device 1, and
they are never moved up with the tool 2 due to the
positional deviation or sticking to the inner walls of
the through-holes 6. In some case, after the too 2 is
pulled up, the conductive spheres 3 on the pads 5 may be
again pressed by the pressing tool 9 in order to
increase the effectiveness. By the second pressing, the
displacement of spheres 3 that may be caused by the
subsequent conveyance and heating process can be
suppressed to the minimum. The pressing tool 9 may have
not only simply a flat plate for pressing, but also
projections shown in Fig. 14, recesses shown in Fig. 15
or an elastic body shown in Fig. 16. The pressing tool
9 having projections for use in pressing before the
removal of the tool 2 has an effect of enabling the
thickness of the stencil of the tool 2 to be made larger
than the diameter of the conductive sphere as shown in
Fig. 14. Thus, since the rigidity of the tool 2 can be
enhanced, the life of the tool can be extended. By
using the pressing tool 9 having recesses on the
pressing side, it is possible to precisely position the

conductive spheres 3 on the pads 5 of the semiconductor
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device 1. In addition, by using the pressing tool 9
having an elastic body on the pressing side, it is
possible to press all the conductive spheres
irrespective of the dimensional allowances. If an
appropriate method of forming the through-holes 5, of
which the diameter was described previously, is
developed to be able to change the diameter of the
through-holes 5 in the thickness direction of the
stencil 2a of tool 2 as shown in Fig. 17, the conductive
spheres 3 can be easily stuffed into the through-holes 5
and placed on the pads 5 of the device 1 with high
precision. In this case, it is desired that on the side
where the conductive spheres 3 are supplied, the
diameter of the through-holes 6 be made as near to twice
that of the sphere 3 as possible within the range from
the diameter of the sphere 3 to twice that, and on the
pad-5 side the diameter of the through-holes be made
larger than but as near to that of the sphere 3 as
possible.

In the following heating step, the semi-
conductor device 1 with the conductive spheres 3 mounted
on the pads is placed in a heating furnace such as a
commercially available reflow furnace. Thus, the
conductive spheres 3 can be changed into the bumps 4
connected to the pads of the device 1. Thereafter, if
necessary, the semiconductor device 1 is rinsed, and cut
into necessary sizes, thus the device 1 with the bumps 4

being completed.
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In this embodiment, tens of thousands of bumps
can be formed at a time on the pads 5 of the semi-
conductor device 1, thus the mass productivity of bumps
being remarkably improved.

According to the invention, a large number of
bumps can be formed at a time on the pads of the
semiconductor device. In addition, the tool and so on
for the production of bumps can be used at low cost, and
the device structure can be made simple. Moreover,
since conductive spheres such as solder balls can be
used as the bump material, bumps of different consti-
tuents can be formed. The bridging and ball vanishing
problems sometimes caused when conductive spheres such
as solder balls are used can be solved by providing the
process for pressing the conductive spheres against the

pads.
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WHAT IS CLAIMED IS:
1. A method of forming bumps in which conductive
spheres are used to form bumps on a semi-conductor
device, comprising the steps of:

aligning a tool having through-holes with said
semiconductor device so that said through-holes can be
opposed to the places where said bumps are to be formed;

supplying said conductive spheres on said
tool, charging said conductive spheres into said
through-holes of said tool and removing said tool from
sald semiconductor device as a ball charging process;
and

heating said conductive spheres and said
semiconductor device.
2. A method according to claim 1, wherein on the
side where said conductive spheres are supplied the
diameter of said through-holes of said tool is equal to
or larger than the diameter of said conductive spheres
used and less than twice that of said conductive
spheres, and on the device side the diameter of said
through-holes is equal to or larger than that of said
conductive spheres used.
3. A method according to claim 1, wherein the
depth of said through-holes of said tool is less than
1.5 times the diameter of said conductive spheres used.
4, A method according to claim 1, wherein the
diameter of said through-holes of said tool is changed

in the center axis of the through-holes.
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S. A method according to claim 1, wherein before
said alignment step, a fixing liquid supplying step is
added to supply a fixing liquid such as flux, soldering
paste or conductive adhesive on said semiconductor
device.

6. " A method according to c¢laim 5, wherein said
fixing liquid such as flux, solder paste or conductive
adhesive to be supplied at said fixing liquid supplying
step is selectively supplied to the surfaces of pads of
said semiconductor device.

7. A method according to claim 6, wherein the
selective supply of said fixing liquid such as flux,
solder paste or conductive adhesive on the pads of said
semiconductor device at the fixing liquid supplying step
is performed by printing.

8. A method according to claim 5, wherein said
fixing liguid such as flux, solder paste or conductive
adhesive at said fixing liquid supplying step is
supplied over the entire surface of said semiconductor
device on which said pads are provided.

9. A method according to claim 5, wherein a gap
is provided between said tool and said semiconductor
device so that said flux, solder paste or conductive
adhesive supplied to said semiconductor device can be
prevented from being made in contact with said tool.
10. A method according to c¢laim 1, wherein in said
ball charging process said conductive spheres are

charged into said through-holes by the translational
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motion of a brush.
11. A method according to c¢laim 1, wherein in said
ball charging process said conductive spheres are
charged into said through-holes by the translational
motion of a spatula-like squeegee.
12. A method according to claim 1, wherein in said
ball charging process said conductive spheres are
charged into said through-holes by an air flow.
13. A method according to claim 1, wherein in said
ball charging process said conductive spheres are
charged into said through-holes by vibration.
14. A method according to claim 1, wherein in said
ball charging process said conductive spheres are
charged into said through-holes by tilting said tool and
said semiconductor device.
15. A method according to claim 1, wherein in said
ball charging process a pressing step is added to
depress said conductive spheres charged in said through-
holes against the pads of said semiconductor device
before said tool is removed from said semiconductor
device.
l6. A method according to claim 1, wherein in said
ball charging process, before said tool is removed from
said semiconductor device it is checked if each through-~
hole has a conductive sphere charged, and if there is a
through-hole in which no sphere is charged, a charging
re-trying step is performed to charge a conductive

sphere into said sphere-fallen-out through-hole.
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17. A method according to claim 1, wherein said
semiconductor device is rinsed after said heating step.
18. A method according to claim 1, wherein said
semiconductor device is cut into a plurality of parts
after said heating step.
19. A method according to claim 1, wherein in said
step of aligning said tool with said semiconductor
device, an interval is provided between said tool and
sald semiconductor device by a spacer.
20. A method according to claim 1, wherein in said
ball charging process, after said tool is removed from
said semiconductor device a pressing step is provided to
depress sald conductive spheres charged in said through-

holes against the pads of said semiconductor device.



