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METHOD OF PRODUCING ELECTRONIC PART WITH BUMPS AND |

METHOD OF.PRODUCING ELECTRONIC PART
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The invention relates to a method'of-

BACKGROUND OF THE INVENTION

_producing an electronic part with bumps, such as a

mounting substrate, a semiconductor package, a
semiconductor wafer, a semiconductor chip and etc., in
which a plurality of conductive bumps for electrical
connection are formed, and relates to another method of
producing an electrqnic part in which method a first
electronic part with bumps is bonded to a second
electronic part such as a substrate.

In recent years, for realizing the high
density design of electronic circuit and the high speed
design of signal transmission in the electronic
circuit, there is adopted a connection system using
bumps for connecting a printed board to a semiconducfor
package.

As regards conventional technique is known
JP-A-9-199506 (Conventional Technique 1). Namely, in
Conventional TéchniQue 1, there is disclosed a method
comprising the steps of: forming nickel film on each of
elect:ode pads provided on a wafer, selectively forming

a adhesive film on each of the electrode pads, then

. excessively supplying solder particles so that some of

the solder particles are adhered to the nickel film

through the adhesive film, shaking excessive solder
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particles off the adhesive film by use of brush etc.,
supplying flux onto each of the solder particles
adhered to the adhesive film, and heating and melding
the solder particles so that solder bumps may be
formed.

'As another cohventional technique is also
known JP-A-6-152120 (Conventional Technique 2). 1In

Conventional Technique 2, solder powder is spread on

adhesive film previously formed, and then the reflow

thereof is performed so that a thin solder layer such
as priming solder may be formed.

However, in the method of Conventional
Technique 1, ih a case where the_size.of each of
electrode pads is smaller than that of the solder
particle, the electrode pad is apt to be located among
a plurality of adjacent solder particles with the
result that the necessary solder particles do not come
to be adhered onto the pads, so that there is such a
fear as the failure of bonding is apt to occur. On the
other hand, in another case where the size of eéch of
the pad electrodes is equal to or is somewhat larger
than that of the solder particle, a plurality of solder
particles are apt to be adhered onto the electrode pad,
which causes such an unfavorable state as some of
resultant solder bumps come to have volume two or three
times as large as that of each of normal bumps although
each of the resultant bumps must have the same volume

each other, so that connection reliability required
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when a substrate or a board is mounted is deteriorated.
Further, the removing of excess solder particles by use
of, for example, a brush is apt to remove such solder
particlés temporarily adhered as to be formed into
solder bumps, so that there occurs such a fear as
failure in connection is caused;

On the other hand, in fhe method of Conven-
tional Technique 2, solder powder of particles each
sufficiently smaller in size than the size of each of
the pads are spread onto each of the pads, and then the
reflow of the solder powder is performed, so that the
resultant bumps are prevented from having sizes quite
different. from each other, however, the adhering amount
of the solder powder is limited to be not more than the
volume of a value multiplying a pad surface area by the
height of the solder powder. Thus, in order to obtain
solder bumps each having a sufficient volume, the
several repetitions of the step are fequired

unfavorably, which is not practical.

SUMMARY OF THE INVENTION

- The first object of the invention is to

obtain a method of producing an electronic part with

“bumps which can solve the above problems, in which

method one solder ball having a volume corresponding to

an intended solder bump volume is surely supplied onto

an adhesive portion, whereby even solder bumps each

having a large volume can be formed by a single step
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while preventing the solder bumps from having various
volumes different from each other, and the second
object of the invention is to obtain another method of
producing electronic'parté in which method the
electronic part with bumps is bonded to another
electronic part such as a substrate or board.

In the invention, in order to achieve the
object of the invention, adhesive film is selectively
formed on electrode pads of a semiconductor device or
on electrode pads each formed by metallizing with, for
example, Ni on metal condudtor of the semiconductor
device, a solder preform having a predetermined volume
being then supplied onto the.adhesive film formed on
each of the pads thtough a stencil mask or an
adsorption mask so that the solder preform may be
adhered to the adhesive film regarding each of the

pads, and the reflow of the solder preforms is

performed, after coating the preforms with flux as

occasion demands, so.that.a solder bump having a
predetermined volume may be formed on each of the
electrode pads.

Namely, according to the first aspect of the
invention, there is provided a method of producing an
electronic part with bumps, éomprising: an adhesive
film-forming step for selectively forming an adhesive
film on each of.a piurality_of pad portions provided on
the electronic component; a bonding member-aligning-

and-supplying step for aligning and supplying a bonding
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member onto each of the adhesive films formed in the
adhesive film-aligning-and-forming step; and a bonding
step for bonding each of the bonding members, which are
supplied in the bonding member—a1ighing—and-supplying
step, to each of the pad portions by melting the
bonding member so that each of the bumps is formed on
each of the pad portions.

According to the second aspect of the
invention, there is provided a method of producing an
electronic part with bumps, comprising the steps of:

selectively forming adhesive'film on each of
a plurality of pad portions provided on said electronic
component; which forming is performed by immersing the
electronic component in a medical fluid containing
imidazole derivative which is adsorbed on metallic
portions and which is not adsorbed on portions other
than the metallic portions;

aligning ahd supplying a bonding member dnto
said adhesive film formed on each.of said pad portions
in said adhesive film-aligning-and-forming step; and

bonding each of said bonding members, which
are supplied in thé bonding member-aligning-and-
supplying step, to each of said pad portions by melting
said bonding member so that each of said bumps is
formed of said bonding member and so that each of said
bumps is bonded to each of said pad portions. |

a method of producing an electronic part with

bumps according to the first aspect of the invention,
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wherein the thickness of the adhesive film is made to
be not less than 5 um in the adhesive film-forming
step.

According to the third aspéct of the
invention, there is provided a method of producing an
electronic part with bumps, comprising the steps of:

selectively forming adhesive film on each of
a plurality of pad portions provided on said electronic
component, which forming is performed by immersing the
electronic component in a medical fluid containing
imidazole de;ivative which is adsorbed on metallic
portions and which is not adsorbed on portions other
than the metallic portions;

aligning and supplying a bonding member onto
said adhesive film formed'on each of.said pad portions
in said adhesive film-aligning-and-forming step, which
aligning and supplying are performed by use of both of
an aligning mask having opening portions capable of
aligning and supplying said bonding members and an
aligning squeegee capable 6f moving the bonding members
into said opening portions; and

bonding each of said'bonding members, which
are supplied in the bonding member-aligning-and-
supplying step, to each of said pad portions by melting
said bonding member so that each of said bﬁmps is
formed of said bonding member and so that each of said
bumps is bonded to each of said pad portions. |

- According to the fourth aspect of the
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invention, there is provided a method of producing
electronic circuit, comprising the steps of:

selectively forming adhesive film on each of
a plﬁrality of pad portions provided on a first
electronic part; |

aligning and supplying a bonding member to
said adhesive film formed on each of said pad portions
in said adhesive film-forming step;

relatively aligning each of said pad portions
of the first electronic part; each of which pad
portions is provided with said bonding member supplied
in the bonding member-aligning?and—supplying step, to
each of.pad portions of a second electronic part, and
then overlapping each of séid pad portions of the first
electronic part with each of said pad portions of the

second electronic part through the bonding member

interposed therebetween; and

bonding said overlapped pad portions of said
first electronic part to said overlapped pad portions
of said second electronic part by melting said bonding
members so that an electric circuit of said first
electronic part is bonded to another electric circuit
of said second electronic part.

According to the fifth aspect of the
invention, there is provided a method of producing
electronic circuit, comprising fhe_steps of:

selectively forming adhesive film on each of“

a plurality of pad portions provided on a first
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electronic part, thch forming is performed by
immersing the electronic component in a medical fluid
containing imidazole derivative which is adsorbed on
metallic portions and which is not adsorbed on portions
other than the metallic portions; .

aligning and supplying a bonding ﬁember to
said adhesive film formed on each of said pad portions
in said adhesive film-forming step;

relatively aligning each of -said pad portions
of the first electronic part, each of which pad
portions is provided with said bonding member supplied
in the bonding member—aligning—and—supplying step, to
each of pad portions of a second electronic part, and
thén overlapping each of said pad portions of the first

electronic part with each of said pad portions of the

'second electronic part through the bonding member

interposed therebetween; and

boﬁding said oVerlapped pad portions of said
first electronic part to said overlapped bad portions
of said second electronic part by melting said bonding
members so that an electric circuit of said first
electronic part is bonded to another electric circuit
of said second electronic part.

According. to the sixth aspect of the
invention, there is provided a method of producing
electronic circuit, comprising the steps of:

seiectively forming adhesive film on each of

a plurality of pad portions provided on a first
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electrbnic part, which forming is performed by
immersing the electronic component in a medical fluid
containing imidazole derivative which is adsorbed on
metallic portibns and which is not adsorbed on portions
other than the metallic portions; |

aligning and supplying a bonding member to
said adhesive film formed on each of said pad portions_
in said adhesive film-forming step, which aligning and
supplying are performed by use of both of an aligning
mask having opening portions capable of aligning and
supplying said bonding members and an aligning squeegee

capable of moving the bonding members into said-opening

portions;

relatively aligning each of said pad portions

of the first electronic part, each of which pad
portions is provided with said bonding member supplied
in the bonding member-aligning-and-supplying step, to
each of pad portions of'a second electronic part, and
then overlapping each of said pad portions of the first
electronic part.with each of said pad portions of the
second electronic part through the bonding member
interposed therebetween; and

| bonding said overlapped pad portions of said
first electronic part to said overlapped pad portions
of said second electronic part by melting said bonding-
members so that an electric circuit of said first
electronic part is bonded to another electric circuit

of said second electronic part.
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According to the seventh aspect of the

invention, there is provided a method of producing

electronic circuit, comprising the steps of:

selectively forming adhesive film on each of
a plurality of pad portions provided on a first
electronic part, which forming is pérfofmed by
immersing the electronic component in a medical fluid
containing imidazole derivative which is adsorbed on
metallic portions and which ié not adsorbed on portiéns
other than the metallic'portions; |

aligning and supplying a bonding member to
said adhesive film formed on each of said pad portions
in said adhesive film-forming step, which aligning and
supplying are performed by use of both of an aligning
mask having opening portions capable of aligning and
supplying said bonding_meﬁbers and an aligning squeegee
capable of moving the bonding members into said opening
portions;

relatively alighing each of said pad portions
of the first electronic part, each of which pad
portions is provided with said bonding member supplied
in the bonding member—aligning—and-supplying step, to

each of pad portions of a second electronic part, and

. then oveflapping each of said pad portions of the first

electronic part with each of said pad portions of the
second electronic part through the bonding member
inferposed therebetween; and

bonding said overlapped pad portions of said
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first electronic part to said overlapped pad portions
of said second electronic part by melting said bonding
members so that an electric circuit of éaid first
electronic part is bonded to another electfic circuit
of said éecond electronic part.

According to the eighth aspect of the
invention, there is provided a method of producing
electronic circuit, comprising the steps of:

selectively forming adhesive film on each of
a plurality of pad portions provided on a first
electronic part, which forming is performed by
immersing said first electronic component in a medical
fluid containing imidazole derivative which is adsorbed
on metallic pbrtions énd which is not adsorbed on
portions other than the metallic portions;

selectively forming adhesive film on each of
a pluraliﬁy of pad portions provided on a second |
electronic part, which forming is performed by
immersing said first electronic component in said
medical fluid; |

aligning and supplying a bonding member to
said adhesive film formed on each of said pad portions
in the first adhesive- film-forming step;

relativély aligning each of the pad portions
of the first electronic part, each of which péd
portions is provided with a bonding member supplied in
the bonding member-aligning-and-supplying step, to each

of pad portions of a second electronic part, -and then
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overlapping each of said pad portions of the first
electronic part with each of said pad portions of the
second electronic part through the bonding member
interposed therebetween; and

bonding said overlapped pad portions of the
first electronic part to said overlapped pad portions
of the second electronic part by melting said bonding
members so that an electric circuit of the first
electronic part is bonded to another electric circuit
of the second electronic part. |

According to the ninth aspect'of the
invention, there is provided a method of producing
electronic circuit, comprising the steps of:

selectively forming adhesive film on each of
a plurality of pad portions provided on a first
electronic part, which forming is performed by
immersing said first electronic component in a medical
fluid containihg imidazole derivative which is adsorbed
on metallic portions and which is not adsorbed on
portions other than the metallic portions;

selectively forming adhesive film on each of
a plurality of'pad portions provided on a second
electronic part; which forming is performed by
immersiﬁg said first electronic component in said
medical fluid;

aligning and supplying a bonding member to
said adhesive film formed on each of said pad portions

in the first adhesive- film-forming step, which
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~aligning and supplying are pérformed by use of both of

an aligning mask having opening portions capable of
aligning and supplying said bonding members and an
aligning squeegee Capable'of moving the bonding members
into said opening portions;

relatively aligning each of the pad portions
of the first electronic part, each of which pad
portions is provided with said bonding member supplied
in'the bonding member-aligning-and-supplying step, to
each of pad portions of a second electronic part, and
then overlapping each of said pad portions of the first
electronic part with each of said pad portions of the
second electronic part through the bonding member
interposed therebetween; and

bonding said overlapped pad portions of the
first eiéctronic part to said overlapped pad portions
of the second electronic part by melting said bonding
members so that an electric circuit of the first
electfonic part is bonded to another electric circuit
of the second electronic part.

In the methods, it is preferred that the
thickness of the adhesive film be made to be not less
than 5 pum. Further, each of the methods may comprise a
step of regenerating the adhesive film having been
already formed in the adhesive film-forming step so

that the adhesive film may have adhesion.

BRIEF DESCRIPTION OF THE DRAWINGS
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Fig. 1 is a drawing for explaining an
embodiment of a method of forming the adhesive film
relating to the invention. |

Figs. 2A to 2G are drawings for explaining an
embodiment of a method of forming the bumps relating to
the invention.

Fig. 3 is a drawing showing a sectional shape
of the solder bonding portion relating to the
invention.

Figs. 4A and 4B are drawings for explaining
the first embodiment (solder ball-printing) of aligning.
and supplying onto the adhesive film the solder balls
relating to the invention.

Figs. 5A and 5B are drawings for expléining
the second embodiment.(adsorbing mask) of aligning and
supplying onto the adhesive film the solder balls
relating to the invention.

Figs. 6A and 6B are drawings for explaining
the first embodiment of mounting the semiconductor
device produced in accordance with the solder bump-
forming process relating to the invention.

Figs. 7A to 7D are drawings for explaining
the second embodiment of mounting the semiconductor
device produced in accordance with the solder bump-

forming process relating to the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

By use of the drawings are explained a method
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of producing an electronic part with bumps and another
method of producing an electronic part in which the
electronic part with bumps is connecfed to another
electronic part such as a substrate etc.

~In Fig. 1 there are showh steps for forming
adhesive films 3 relating to the first embodiment of
the invention. 1In Fig. 2 are shown steps of forming
bumps 19. A wafer 1 is transferred from a wafer pad-
forming step S11 to an adhesive-film-forming step S17.
Between the steps S11 and S17, the wafer is subjected
to: an ashing treatment step prior to plating S12 which
ashing treatment S12 is performed to remove organic
substances; a fat-removing step S13 for removing fat; a
rinsing step S14 for wéshing the wafer with water; and
a pickling step S15 for pickling the wafer. 1In the
adhesive-forming step S17, the adhesive film 3 is
formed on each of connection pads 2 provided on the

wafer 1 which is an electronic part, and then in a

-~ draining step S18 the wafer is drained, whereby the

adhesive film 3 is formed. 1In thislcase, it is
possible to omit either of the ashing step S12 and the
fat-removing step S13 according to the surface
cleanness of the wafer pads, and there may be such a
case as to omiﬁ both of the ashing step S12 and the

fat-removing step S13 by optimizing the conditions of

the pickling step S15 performed after the fat-removing

step. Thus, after the wafer pad-forming step S11, the

wafer is transferred to the adhesive film-forming step
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while the good surface cleanness is kept, and then the
adhesive film having a thickness of not less than about
5 pym is férmed as shown in Fig. 3. Since the Ni film
22 is prevented, because of the adhesive film, from
being in contact with a corrosive gas pérticularly such
as oxygen, it becomes unnecessary to form Au film on
the Ni film by electroless replacement plating which Au
film was provided for preventing the oxidation of the

Ni film, and at the same time it becomes unnecessary to

locally coat only the Au film with flux by screen-

printing through a printing mask and a squeegee.

As regards the methods of forming the
adhesive film 3, one of the methods is to use DOOCOAT
(transliteration) which is the name of the product
produced by SANWA RESEARCH INSTITUTE Co., Ltd. in
Japan, and another method is shown in JP-A-6-152120 in
which the adhesive film is formed by use of such a
characteristic of an imidazole derivative as to be
selectively adsorbed by a metal surface although it is
not adsorbed by an insulator film. However, in order
to temporarily fix a solder preform large in volume as
in the case of the invention, it is necessary to
provide adhesive film having a large thickness which is
not contemplated in the prior arts. For example, in
the cases of using DOOCOAT (transliteration) produced
by SANWA RESEARCH INSTITUTE Co., Ltd. as preflux and of
the usage disclosed in JP—A;6-152120, it is good for

the adhesive film 3 to have a thickness of about 1 Bm
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at the maximum. However, when tempbrarily fixing a
ball 4 having a diameter not less than about 0.1 mm, it
is necessary for the adhesive film to have a thickness
of at least 3 pm and preferably not less than about 5
pm. Thus, in the invention, in order to provide the

adhesive film having this large thickness, there is

adopted a method selected from the following means:

(1) prolonging a period of time of forming the
adhesive film 3 at least 5 times (, that is, at least 5
minutes) as long as a conventional period of time}

(2) raising a treatment temperature up to 40°C or more
to thereby form the adhesive film thick in thickness;
and

(3) performing the adhesive film-forming step S17 by
use of a solution of an imidazole derivative having a
chemical structure or composition'different from that
of the imidazole derivative used in the preflﬁx
production.

In the above case (3) are preferred the
following chemical structures: 1,3-benzimidazole having
at 2-position a substituent which is one selected from
the group consisting of (a) a substituent having
polyether bond such as polyoxyethylene (-(CH2CH20)n-:n=
2~20) etc.( (b) a substituent having thiol bond such as
alkylthiol (R-S-), (c) a substituent having a portion
where a salt is formed which consists of first-grade
amino group and an organic acid or inorganic acid, (d)

alkyl substituent having an organic acid Substituent
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such as alkylphenol or alkyl sulfonic acid etc., and
(e) the combination thereof. Further, as regards the
composition of the solutibn of the imidazole derivative
used in the invention, a solution is preferred which is
provided by mixing 2-alkyl 1, 34bénzimidazole
derivative with chelating agent or solubility-
accelerating agent. As regards the chelating agent or
the solubility-accelerating agent used in the above
case, it is preferred to use one prepared by combining
any two or more selected from the group consisting of
(a) aminocarboxylic acid such as etylehediéminetetra—
acetic acid, iminodiacetic acid, tryptophan,
phenylalanine and etc., (b) salt of aminocarboxylic

acid and any one of alkaline metal, ammonium, copper

.and nickel, (c) aminosulfonic acid such as taurine, (d)

salt containing chloride ion such as ammdnium chloride
etc. The preferred concentration of the chelalting
agent or the solubility-accelerating agent varies in
dependence on adhesive film-forming conditions (such as
period of time and temperature) énd intended film
thickness. For example, in a case of the salt
containing chloride ions, good results ére often
obtained when the concentration of the chloride iron in
the solution is adjusted to become in the level of 3 to
200 ppm.

After forming the adhesive film by use of the
DOOCOAT which is one kind of the imidazole derivatives,

solder balls are supplied and located onto the
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conhection pads 2 each-provided with the adhesive film
3. In the first embodiment of this supplying method,
there is used, as shown in Fig. 2B, a method comprising
the step of locating a ball-aligning mask 5 above the
wafer 1, apd moving the solder ballé 4 on the ball-
aligning mask 5 through a squeegee 6 so that one of the
solder balls 4 may be locatea on each of the connection
pads each provided with the adhesive film 3. The cross
section of this state is shown'in Fig. 3. In Fig. 3,
the adhésive film is formed on the Ni film 22, and it
is noted that no excessive portion regarding the
adhesive film 3 is formed because Cu or Allconductor 11
connected thereto is protected by an insulator film 10.

Then, as shown in Fig._2C, by downwardly
applying pressure to the solder balls 4 through a
pressing plate 7 so that each of the soider balls may
become in pressure contact with the adhesive film, eaéh
of the solder balls is temporarily fixed onto the
adhesive film 3. Then, the aligning mask 5 is removed

as shown in Fig. 2D, flux such as, for example, liquid

flux being sprayed onto the solder balls through a

flux-applying device 9 so that the solder balls may be
coated with the flux as shown in Fig. 2E, and the
reflow of the solder balls is performed, as shown in
Fig. 2F, in a N, furnace so that the solder balls 4 may
be metal-bonded to Ni or Cu of the connection pad,
whereby the solder bumps 19 are formed. After that, as

occasion demands, the residue of the flux is removed by
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washing it as shown iﬁ Fig. 2G. 1In this case, by
adjusting the chemical composition of the adhesive film
13 so that it may have flux characteristic, it is
possible to omit the'flux—applying step. The adhesive
film 13 having the flux characteristic may have, for
example, the following chemical structure and/or

composition: (1) the chemical structure of 2-position-

Substituted 1, 3-benzimidazole having at 2-position

substituent including a portion where a salt ié formed
which consists of first-grade amino group énd an
organic acid or inorganic acid, and (2) a composition
including halogen ion, particularly chloride iron, with
an eliminatable shape. By using the adhesive film 13
contéining these chemical structure and/or composition,
oxide film caused on the surface of each of the solder
balls can be removed because of the flux characteristic
of the'adhesive film itself, whereby the flux-applying
step can be omitted. As regards the solder balls,
lead-free solder (such as Sn-Ag-Bi base solder and
etc.) may be used.

| By the above steps, a wafer with the bumps,
that is, a electronic part with the bumpslis completed.
Naturally, before the completed wafer with the bumps is
mounted to another electronic part such as, for
example, a substrate, the wafer.is cut to unit chips,
and a protective film may be formed, as occasion
demands, on the surface in which the bumps are formed.

In a case where the metal conductor 11 is
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made of Cu and is provided with a Sufficiently large
thickness (, for example, 10 um or more), the metal
conductor does not disappear even if it is eroded by
the solder, anq it becomes possible to omit the forming
of the Ni film 22 and to produce the metal conductor
itself integrally with the pads 2, onto each of which
pads 2 the adhesive film 3 may be formed directly.

Next, the first embodiment for supplying the
solder balls onto the connection pads 2 on each of

which the adhesive film 3 relating to the invention is

. formed is explained while referring to Figs. 4A and 4B.

In Figs. 4A and 4B is shown in detail the aligning of
the solder balls 4 by use of the aligning mask 5. On
the wafer 1 is previously formed the Ni film 22 and fhe
adhesive film 3, and the aligning mask 5 is located so

that the location of the aligning mask 5 may properly

. correspond to that of the wafer. In the aligning mask

5, there are provided non—opening portions 5a, 6pening
portions 5b each having such an opening size as the
solder balls can pass through the opening portions, and
protrusions 5c for supporting the non-opening portions
5a so that the non-opening portions may not contact
with the adhesive film 3.

As éhown in Figs. 4A and 4B, since each of.

the protrusions 5c is narrow in width and is spaced

- sufficiently apart from the adhesive film 3, the

aligning mask 5 is prevented from contaéting with the

adhesive film 3 even during the sliding of the aligning
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mask 4 which sliding is performed for locating the
aligning mask 4 in place, whereby there occurs no fear
that the adhesive film 3.is transferred and adhered to
the aligning ﬁask 5. Of course, the height of each of
the protrusions 5c is made to be sufficiently larger
than the total value of the thickness of the Ni film
22, the thickness of the adhesive film 3 and. the
foreseen deflection amount of the non-opening portion
S5a.

The thickness of the non-opening portions 5a
is adjusted in such a degree as the strength of the
whole of the aligning mask 5 is maintained and as the
total value of the height of the protrusion 5c¢ and the
thickness of the non-opening portion 5a is in the same
level as the diameter of the solder balls 4 and
preferably is about 0.9 times the diameter of the
solder balls 4. 1In a case where the total value of the
thickness of thé non-opening portion 5a and the height
of the protrusion 5c is extremely larger than the
diameter of the solder balls 4, a'plurality of solder
balls 4 come to remain in some of the opening portions
5b, that is, the excessiveness of the balls 4 occurs.
In another case where this total value is extremely
smaller than the diameter of the éolder balls, non-
aligned solder ballé 4c come to apply force to the
aligned balls 4b, there occurs such a fear as thé
solder balls come to be peeléd off when the adhesion of

the adhesive film is not sufficient, with the result
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that the failure of supplying the solder balls occurs.
The fotal value of the thickness of the non—openiné_
portion 5a and the height of the protrusion 5c may be
in the same level as the diameter of the solder balls
4, however, in this case, since the diameter of each of
the opening portions 5b can not help being larger than
the diameter of the solder balls 4, a non-aligned
solder ball 4c comes to fall by a considerable amount
in a clearances defined between the aligned ball and
the opening portion S5b. Thus, when this total value is
about 0.9 timeé the diameter of the balls, the aligning
state of the solder balls becomes good.

The diameter of the opening portion 5b needs
ﬁo be in such a large value as the solder ball can
readily pass it, and at the same time needs to be not
mbre than the predetermined upper limit thereof so that
a superfluous ball may not contact with the adhesive
film 3. The appropriate range thereof varies in
dependence on the diameter of the balls actually.used.
However, in a case where the diameter of the solder
balls 4 is in the range of about 200 to about 500 pm,
the diameter of the opening portions 5b is selected.
preferably in a range from 1.15 times the diameter of
the solder balls to the sum of the diameter of the
solder balls and 50 pym. In a case where sélder balls
each having a diameter less than the above range are
used, the diameter of the opening portions 5b is

selected in a range from about 1.1 times the diémeter
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of the solder balls to about 1.5 times the diameter
thereof. However, the smaller the diameter of the
solder balls becomes, the more the difficulty of surely
supplying the balls through the mask increases and the
more the fear that the mask catches the supplied solder
balls when removing the mask increases.

The ball-aligning squeegee 6 is provided with

_both of a main portion 6a for pushing the solder balls

4 and sliding portions 6b for preventing thé main
portion 6a frém'contacting with an aligning mask
region, in which the opening portions 5b are arranged
ﬁwo—dimensionally, and from contacting with the solder
balls 4a, 4b etc. having-been already aligned. Namely,
each of the'éliding portions 6b is formed to protrude
from the one side 6f.the main portion 6a toward the
wafer 1 in a direction vertical to the sliding
direction shown by the arrow in Fig. 4A (, i.e., in the
upper-and-down direction of the paper of Fig. 4A). The_
protrusion height of the sliding portions 6b is set to
be less than about the half of the diameter of the
solder balls but more than an amount by which each of
the balls 4a, 4b having been aligned is protruded from
the aligning mask 5. For example, when the diameter of
the solder balls is about 300 pm, the protrusion height
of the sliding portions 6b is preferably about 130 pm,
and when the diameter thereof is about 200 pm, the
protrusion height thereof is preferably about 80 pum.

In a case where the protrusion height'of the sliding
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portions 6b is not less than the half of the diameter
of the solder balls 4 but less than about the diameter
thereof, the ball—aiigning squeegee 6 comes to push the
solder balls 4 at the edge'of the main portion 6a (,
i.e., the corner portion defined by both of the lower
face and vertical face of the main.portion 6a), with
the result that the solder balls 4 are apt to be
readily scratched. Further, in this unfavorable case,
when pushing the non-aligned balls 4c, the edge of the
main portion 6a applies downward force to the non-
aligned solder ball 4c, so that there occur such a fear
as the non-aligned balls 4b are damaged and/or as an-
excessive, non-aligned solder ball 4c is forced into
the opening 5b.with the result that a plurality of
solder balls 4 are forced into one of the opening
portions 5b to thereby cause the failure of the
aligning. Thus, the protrusion height of the sliding
portion 6b needs to be less than about the half of the
diameter of the solder balls 4 but more than the value
by which each of the balls 4a, 4b having been already
aligned is protruded from the aligning mask 5. The
aligning mask 5 may be made of Fe-Ni-based alloy strip,

and the aligning squeegee may be made of hardened

carbon steel. Further, it is preferred that a rounded

portion is formed at each terminal corner of the
sliding portions 6b so that the aligning squeegee may
smoothly slide on the aligning mask.

In the production process of producing the
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solder bumps, it becomes possible, according to the
selection of the adhesion of the adhesive film and/or
the weight of the solder ball itself, to bring about

the temporarily fixed state of the solder balls 4 only

by aligning each of the solder balls 4 onto the

adhesive film 3, so that it becomes possible to also
omit the pressing step shown in Fig. 2C. 1In this case,
the production steps are simplified, and it becomes
easy to perform the production of the bumps.

Next, a secoﬁd embodiment of the invention
regarding the supplying of the solder balls onto the
connection pads 2 each provided with the adhesive film
3 is explained below while referring_to Figs. 5A and

5B. In the second embodiment, as shown in Figs. 5A and

‘5B, the solder balls are aligned, adsorbed and

transferred by a vacuum adsorbing mask 23 and are then

shifted onto the wafer 1. Alternatively, before the

" solder balls 4 are mounted onto the wafer. 1, it is

possible, by use of the aligning hask 5 and the ball-
aligning squeegee 6 both located above a plate for
alignment, to previously align the solder balls in the
aligning mask 5. In this case, the solder ball-
aligning step can be independently performed in
parallel with the transferring steps of adsorbing and
transferring the solder balls 4 from the aligning mask
6 by use of the vacuum adsorbing mask 23 and shifting
the solder balls onto the wafer 1, whereby there occurs

such an advantage as a total period of time necessary
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for the production can be shortened. Further, when
adsorbing the aligned solder balls 4 by the vacuum
adsorbing mask 23, the aligning mask 5 may be also
adsorbed. By adsorbing the aligning mask 5, it becomes
possible to mount each of the solder balls 4 onto the
adhesive film 3 without causing any deviation of
location during a period in which the aligned solder
balls 4 have been shifted onto the wafer 1.

Further, as a modification example of the
embodiment shown in Fig. 5, the solder balls 4 having
been aligned and adsorbed onto the vacuum adsorbing
mask 23 may be immersed into flux and thereafter may be
shifted onto the wafer, which brings about such a merit
as to simplify the flux-applying step shown in Fig. 2E.

Then, an embodiment of a method of mounting a
semiconductor package (semiconductor device) with the
bumps producea in accordance with the above—éxplained
embodiments is described while referring to Fig. 6.
Namely, after the bumps 19 have been formed on the
wafer 1, the wafer is cut into individual chips, the
kind thereof and the production number thereof etc.
being applied to each of the chips, a protection film
being formed as occasion demands, whereby the semi-
conductor package 17 (, i.e., semiconductor device) is
produced which is an electronic part. On the other
hand, on a substrate 15 which is another electronic
part to be mounted, connection pads are already formed

and are coated with flux 12.
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Thus, by locating the solder bumps 19, which
are formed on the semiconductor package (semiconductor

device)1l7, onto the connection pads 18 coated with flux

.12 which are formed on the substrate 15 as shown in

Fig. 6A, and then by heating them, both of the
semiconductor package 17 and the substrate 15 are
connected to each other as shown in Fig. 6B.

Next, an embodiment of forming solder bumps
relating to the invention at the side of the substrate
15 is deséribed while referring to Figs. 7A to 7D.
Namely, after forming a conductor pattern of the
substrate, adhesive film 3 is formed on each of
coﬁnection pads 18, as shown in Fig..7A, by use of the
same method as in Fig. 1. This method of'forming the
adhesive film 3 is similar to the ﬁethod of forming the
adhesive film on the wéfer 1, that is, by replacing the
wafer 1 relating to each of the above-described steps
by the sﬁbStrate 1, this method is provided. Further,
steps of supplying each of the solder balls 4 onto the
adhesive film 3 and coating the solder balls 4 with
flux can be performed similarly to the case.of the
method relating to the wafer 1, as'shown in Fig. 7B.
For example, in a state in which no electronic part is
mounted. on the subsfrate 15, the solder balls 4 may be
mounted by the method shown in Fig. 2. Further, in
another state where other electronic parts had been
alréady mounted with the result that the aligning mask

5 interferes with the other electronic parts, it may be
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adopted to use the mounting method shown in Figs. 5A
and 5B in which the adsorbed solder balls is
transferred and shifﬁed. After thus locating the
solder balls 4 onto the substrate 15, flux 12 or solder

paste 21 is fed, as occasion demands, to the substrate

15 or to the electronic part such as the semiconductor

chip 17 and the semiconductor package 16 by a method
not shown in the drawings, and then the semiconductor
chip 17 and the semiconductor package 16 are mounted at
the predetermined locations on the substrate 15 through
adhesive films 3 used as a temporarily fixing agent.
After that, by making them pass a reflow furnace (not
shown ih the drawings) to thereby heat them, the
connection pads 18 of the substrate 15 are metal-bonded
to the pads of the electronic parts 16, 17. Then, the
residue of the flux 12 is removed by rinsing as
occasion requires.

Next, the handling of the adhesive film 3
used in each of the embodiments is described below.
The adhesive film 3 used in the methods embodying the
in&ention loses the adhesion due to the dryiﬁg thereof
caused with the lapse of time or caused.by heating etc.

Thus, within a period of time in which the formed

| adhesive films do not become dry, it is necessary to

locate each of the solder balls 4 on the adhesive film.
Once the solder balls are located, the solder balls 4
are fixed and there occurs, even if the adhesive film

becomes dry, no fear that the solder balls 4 are peeled
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off during the transportation thereof and etc.
Further, in a case where, after the fotming of the
adhesive film, a considerable period of time lapses
prior to locating the solder.balls 4, the adhesive film
is once made to have a drying state, and thereafter it
is coated with alcohol etc. to thereby be softened so

that the adhesion may be regained (, that is, after

- performing the regenerating treatment for regaining the

adhesion), whereby thé solder balls 4 can be located
properly.

Further, the connection member used in the
invention is not limited to the solder balls but may be
formed to be preforms each having a cylindrical shape
or the shape of a prism.

According to the embodiments described above[
since it 1is possible to supply solder balls each having
a necessary volume without being limited regarding_the
area of each of the electrode pads, the volume of each
of thé solder balls can be freely designed. For
example, by supplying only one solder ball having a
diameter of about 150 pm onto the pad having a diameter
of about 300 um, the height of the bump can be adjusted
to be about 30 um, or the height of the bump can be
also adjusted to be about 300 uﬁ by supplying a solder
ball having a diameter of about 400 pm onto the same
pad as described above.

According to the invention, since each of the

solder balls can be surely located onto the previously
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formed adhesive film, there is brought about such an
advantage as each of the formed solder bumps can be
made to have uniform volume;

Further, according to the invention, since
there occur no problems caused in the prior arts such
as failure in adhering the solder balls and the losing
of the solder balls due to excessive sweeping
operation, it becomes possible to surely form the

solder bumps.
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1. A mefhod'of producing an electronic part with
bumps, comprising the steps of:

selectively forming adhesive film on each of
a plurality of pad portions provided on said electronic
component;

aligning and supplying a bonding member onto
said adhesive film formed on each of said pad portions
in said adhesive film-aligning-and-forming step; and

bonding each of said bonding members, which
are supplied in the bonding member-aligning-and-
supplying step, to each of said pad portions by melting
said bdnding member so that each of said bumps is
formed of said bonding member and so that each of said
bumps is bonded to each 6f said pad portions.
2. A method of producing an electronic part with
bumps, comprising the steps of:

selectively forming adhesive film on each of
a plurality of pad portions provided on said electronic
component, which forming is performed by immersing the
electronic component in a medical fluid containing
imidazole derivative which is adsorbed on metallic
portions and which is not adsorbed on portions other
‘than the metallic portions;

aligning and supplying a bonding member onto -
said adhesive film formed on each of said pad portions
in said adhesive film-aligning-and-forming step; and

bonding each of said bonding members, which
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are supplied in the bonding member-aligning-and--
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supplying step, to each of said pad portions'by melting
said bonding member so that each of said bumps is
formed of said bonding member and so that eaqh of said
bumps is bonded ﬁo each of said pad portions.
3. A method of producing an electronic part with
bumps, comprising the steps of:

selectively forming adhesive film.on each of
a plurélity of pad portions provided on said electronic
component, which forming is performed by immefsing the
electronic component in a medical fluid containing
imidazole derivative which is adsorbed on metallic
portions and which is not adsorbed on portions other
than the metallic portions;

aligning and supplying a bonding member onto
said adhesive film formed on eéch of said pad portions
in said adhesive film-aligning-and-forming step, which
aligning and supplying are performed by use of both of
an aligning mask having opening portions capable of
aligning and supplying said bonding members and an
aligning squeegee capable of moving the bonding members
into said opening portions; and

bonding each of said bonding members, which
are Supplied in the bonding member-aligning-and-
supplying step, to each of said pad portions by melting
said bonding member so that each of said bumps is
fofmed of said bonding member and so that each of said

bumps is bonded to each of said pad portions.



| Il
AR O]
- 34 -~

4. A method of producing an electronic part with
bumps according to any one of claims 1 to 3, wherein
the thickness of the adhesive film is made to be not
less than 5 pm in said adhesive film-forming step.
5. A method of producing an electronic part with
bumps according to any one of claims 1 to 4, further
comprising a step of regenerating in said adhesive
film-forming step said formed adhesive film so that
said adhesive film has adhesion.
C. A method of producing electronic circuit,
comprising the steps of:

selectively forming adhesive film on each of
a plurality of pad portions provided on a first
electronic part;
| aligning and supplying a bonding member to
said adhesive film formed on each of said pad portions
in said adhesive film-forming step;

relatively aligning each of said pad portions
of the first electronic paft, each of which pad
portions is provided witﬁ said bonding member supplied
in the bonding member-aligning-and-supplying step, to
each of pad portions of a second electronic part, and
then.overlapping each of said pad portions of the first
electronic part with each of said pad portions of the
second electronic part through the bonding member
interposed therebetween; and

bonding said overlépped pad portions of said

first electronic part to said overlapped pad portions
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of said second electronic part by melting said bonding
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members so that an electric circuit of said first
electronic part is bonded to another electric circuit
of said second electronic part.
7. A method of producing electronic circuiﬁ,
gomprising the steps of:

selectively forming adhesive film on each of
a plurality of pad portions provided on a first
electrdnic part, which forming is performed by
immersing the electronic component in a medical fluid
containing imidazole derivatiVe which is adsorbed on
metallic portions and which is not adsorbed én portions
other than the metallic portions;

aligning and supplying a bonding member to
said adhesive film formed on each of said pad portions
in said adhesive film-forming step; '

relatively aligning each of said pad portions
of the first electronic part, each of which pad
portions is provided with said bonding member supplied
in the bonding member-aligning-and-supplying step, to
each of pad portions of a second electronic part, and |
then overlapping each of said pad portions of the first
electronic part with each of said pad portions of the
second eleétronic part through the bonding member
interposed therebetween; and

bonding said overlapped pad portions of said
first electronic part to said overlapped pad portions

of said second electronic part by melting said bonding
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members so that an electric circuit of said first
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electronic part is bonded to another electric Circuit
of said second electronic part.
8. A method of producing electronic circuit,
comprising the stéps of:

selectively forming adhesive film on each of
a plurality of pad portions provided on a first
electronic part, which forming is performed by
immersing the electronic component in a medical fluid
containing imidazole derivative which is adsorbed on
metallic portions and which is nét adsorbed on portions
other than the metaliic portions;

aligning and supplying a bonding.member to
said adhesive film formed on each of said pad portions
in said adhesive film-forming step, which aligning and
supplying are performed by use of both of an aligning
mask having opening pbrtions capable of aligning and
supplying said bonding members and an aligning squeegee
capable of moving the bonding members into said opening
portions; |

relatively aligning each of said péd portions
of the first electronic part, each of which pad
portions is provided with said bonding member supplied
in the bonding member-aligning—-and-supplying step, to
each of pad portions of a second electronic part, and
then overlapping each of said pad portions of the first
electronic part with each of said pad portions of the

second electronic part through the bonding member
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interposed therebetween; and
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bonding said overlapped pad portions of said
first electronic part to said overlapped pad portions
of said second electronic part by melting said bonding
members so that an electric circuit of said first
electronic part is bonded to another electric circuit
of said second electronic part.
9. A method of producing electronic circuit,
comprising the steps of:

selectively forming adhesive film on each of
a plurality of pad portions provided on a first
_ electronic part;

selectively forming adhesive film onleach of
a plurality of pad portions provided on a second
electronic part;

aligning and supplying a bonding member to
said adhesive film formed on each of said pad portions
in the first adhesive— film-forming step:;

relatively aligning each of the pad portions
of the first electronic part, each of which pad
portions is provided with a bonding member éupplied in
the bonding membgr—aligning—and—supplying step, to each
of pad portions of a second electronic part, and then
overlapping each of said pad portions of the first
electronic part with each of said pad portions of the
second electronic part through the bonding member
interposed therebetween; and

bonding said overlapped pad portions of the
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first electronic part to said overlapped pad portions
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of the second electronic parf by melting said bonding
members soO that an electric circuit of the first
electronic part is bonded to another electric circuit
of the second electronic part. |
10. : A method of producihg electronic circuit,
comprising the steps of:

seiectively forming adhesive film on each of
a plurality of pad portions provided on a first
electronic part, which forming is performed'by
immersing said first electronic component in a medical
fluid containing imidazole derivative which is adsorbed .
on metallic portions and which is not adsorbed on
portions other than the metallic portions;

selectively forming adhesive film on each of
a plurality of pad portions provided on a second
electronic part, which forming is performed by
.immersing said first electronic component in s&id
medical fluid;

aligning and supplying a bonding member to
said adhesive film formed on each of said pad portions
in the first adhesivé— film-forming sfep;

reiatively aligning each of the pad portions
of the first electronic part, each of which pad
portions is provided with a bonding member supplied in
the bonding member—aligning—and-suﬁplying step, to each
of pad portions of a second electronic part; and then

overlapping each of said pad portions of the first
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electronic part with each of said pad portions of the
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second electronic part through the bonding member
interposed therebetween; and

bonding said overlapped pad portions of the
first electronic part to said overlapped pad portions
of the second electronic part by melting said bonding
members so that an electric circuit of the first |
electronic part is bonded to anothef electric circuit
of the second electronic part.
11. A method of producing electronic cirduit,
_comprising the steps of:

selectively forming adhesive film on each of
a plurality of pad poftions provided on a first
electronic part, which forming is performed by
immersing said first electronic component in a medical
fluid containing imidazole derivative which is adsorbed
~on metallic portions and which is not adsorbed on
portions other than the metallic portions;

selectivély forming adhesive film on each of
a plurality of pad portions provided on a second
electronic part, which forming is performed by
immersing said first electronic component in said
medical fluid;

aligning and supplying a bonding member to
said adhesive film formed on each of said pad portions
in the first adhesive- film—foiming step, which
aligning and supplying are performed by use of both of

an aligning mask having opening portions capable of
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aligning and supplying said bonding members and an
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aligning squeegee capable of moving the bonding members
into said opening portioﬁs;

relatively aligning each of the pad portions
of the first electronic part, each of which pad
portions is provided with said bondiﬁg member supplied
in the bonding member-aligning-and-supplying steb, to
each of pad pdrtions of a second electronic part, and
then overlapping each'Of said pad portions of the first
electronic part with each of said pad portions of the
second electronic part through the bonding member
interposed therebetween; and

bonding said overlapped pad poftions of the
first electronic part to said overlapped pad portions
of the second electronic part by melting said bonding
members so that an electric circuit of the first
electronic part is bonded to another eiectric circuit

of the second electronic part.



