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(54) Metal mask and method of printing lead-free solder paste using same

(57) A lead-free solder paste printing method is
practiced with use of a metal mask having two openings
which are circular or elliptical in shape by placing the
metal mask (1) on a circuit board (2) having an electrode
(21) formed in a predetermined pattern to join an end
portion of a lead member (6), and moving a printing
squeegee along the upper surface of the metal mask (1)
to thereby print a lead-free solder paste on the surface
of the electrode (21) on the circuit board (2). The method
produces on the electrode (21) of the circuit board (2)
two lead-free solder paste patterns (30a,30a) each cir-
cular or elliptical in shape and arranged in a direction in
which the lead member (6) is to extend from the elec-
trode.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to metal masks
and a method of printing a lead-free solder paste with
use of the mask.

BACKGROUND OF THE INVENTION

[0002] FIG. 6 shows a known reflow soldering method
of joining electronic parts, lead members or the like to a
circuit board using a conventional tin-lead solder paste
(see, for example, JP-A No. 2002-3620-03).
[0003] First, a metal mask 1 is prepared which has
openings 11 at portions thereof corresponding to the po-
sitions of electrodes 21 on a circuit board 2 as shown in
FIG. 6(a). The metal mask 1 is attached to the circuit
board 2 as shown in FIG. 6(b), and tin-lead solder paste
3 is placed on the metal mask 1. Subsequently, a print-
ing squeegee 4 is moved on the metal mask 1 from one
end thereof toward the other end, whereby the openings
11 are filled with the tin-lead solder paste 3. The metal
mask 1 is then peeled off, whereby a tin-lead solder
paste pattern 3a is printed on the circuit board 2 over
the electrodes 21 thereon as shown in FIG. 6(c). Elec-
tronic parts 5, a lead member 6, etc. are thereafter
placed on the solder paste pattern 3a printed on the
board 2 as shown in FIG. 6(d), and the board 2 is passed
through a reflow furnace for soldering.
[0004] Urethane, metal or the like is used as the ma-
terial for the printing squeegee 4. Since the squeegee
of urethane, if used, has the problem that the urethane
is scraped off by an edge portion of the metal mask to
leave fragments on the board or solder paste pattern,
the squeegee of metal is generally used.
[0005] It is desired that the circuit boards for use in
electronic devices exhibit higher performance, have a
multiplicity of functions and be compacted, so that many
electronic parts must be mounted on the circuit board
using reflow soldering techniques. The above-men-
tioned tin-lead solder paste has heretofore been used
generally for reflow soldering.
[0006] However, if electronic devices and circuit
boards having parts mounted thereon are discarded in
the natural environment after use without being suitably
disposed of, there arises the problem that lead, which
is toxic heavy metal, will flow out in the form of soluble
compounds by being exposed to acid rain, not only ad-
versely affecting the global environment but also exert-
ing influence on animals, plants and human bodies by
ingressing into underground water or other water sys-
tems. For this reason, it is strongly required to use lead-
free solders.
[0007] Accordingly, tin-silver, tin-silver-copper, tin-
bismuth, tin-zinc, tin-antimony and like lead-free solders
have been developed, and solder pastes containing
such lead-free solders are placed into use. Especially

tin-silver and tin-silver-copper solders are usable in
place of the tin-lead solder with reliability as high as is
conventionally available since silver is stable.
[0008] The lead-free solver paste is prepared by mix-
ing a lead-free solder powder consisting mainly of tin
with a flux. However, whereas the tin-lead solder has a
melting point of about 183°C, the tin-silver or tin-silver-
copper lead-free solder has a high melting point of about
220°C, so that if the same flux as the one used in the
tin-lead solder is used, the flux vaporizes off before the
solder of high melting point melts in the reflow soldering
process, and it is impossible to perform satisfactory sol-
dering.
[0009] Accordingly, the flux generally in use for the tin-
silver or tin-silver-copper lead-free solder paste of high
melting point is a composition comprising rosin or mod-
ified rosin serving as a base, and a solvent, activator,
thixotropic agent and other additives added to the base
(see, for example, JP-A No. 2003-10996).
[0010] In the case where such a tin-silver, tin-silver-
copper or like lead-free solder paste of high melting
point is to be printed on circuit boards, the lead-free sol-
der paste is filled into rectangular openings 11 formed
in a metal mask 1 as shown in FIG. 3, and a printing
squeegee 4 of metal is thereafter moved along the metal
mask 1 as shown in FIG. 7(a). If the openings 11 are
each so large as to exceed 5 mm2 in area, great frictional
heat is liable to occur between the printing metal squee-
gee 4 and edge portions 15 of the opening 11 in the met-
al mask 1 shown in FIG. 7(b). Further because the open-
ing 11 is rectangular in shape, the lead-free solder paste
filled in is low in fluidity and is liable to be heated to a
high temperature especially at the edge portion 15.
However, the flux incorporated in the lead-free solder
paste has characteristics to undergo a chemical change
and deteriorate (oxidize) when exposed to a high tem-
perature, so that the flux markedly deteriorates (oxidiz-
es) owing to the frictional heat to result in impaired sol-
der wettability. This seriously lowers the bond strength
between a lead member or like large part and the circuit
board, entailing the problem that the part becomes re-
moved from the circuit board when subjected, for exam-
ple, to external pressure or stress.
[0011] Furthermore, if the opening 11 of the metal
mask 1 has an increased size, it becomes difficult to fill
the opening 11 with the solder paste uniformly. Further
the reflow soldering process wherein a board 2 having
a solder paste pattern 3a printed thereon and carrying
parts on the pattern as shown in FIG. 6(d) is passed
through a reflow furnace to thereby melt the solder paste
and solder the parts onto the board 2 has the problem
that the parts are moved and become shifted from the
specified positions by virtue of a self-alignment effect
produced when the solder paste is melted.

SUMMARY OF THE INVENTION

[0012] Accordingly, in view of the foregoing problems,
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an object of the present invention is to provide a metal
mask for performing reflow soldering effectively by di-
minishing the deterioration of flux due to a chemical
change produced by frictional heat even when tin-silver,
tin-silver-copper or like lead-free solder paste of high
melting point is used, and a method of printing solder
paste with use of the metal mask.
[0013] The present invention provides a metal mask
for use with a circuit board having an electrode formed
in a predetermined pattern to join an end portion of a
lead member thereto for applying a lead-free solder
paste to the electrode of the predetermined pattern. The
metal mask is characterized in that the metal mask has
two openings formed at a position corresponding to the
position of the electrode on the circuit board and ar-
ranged in a direction in which the lead member is to ex-
tend from the electrode toward other circuit, the two
openings being each circular or elliptical in shape.
[0014] The invention also provides a lead-free solder
paste printing method which is practiced by placing the
metal mask of the invention on a circuit board, and mov-
ing a printing squeegee along the upper surface of the
metal mask to thereby press a lead-free solder paste
against the metal mask, force the paste through open-
ings formed in the mask and print the paste on an elec-
trode of predetermined pattern formed on the circuit
board.
[0015] The lead-free solder paste contains a solder
having a melting point higher than 183°C. The circuit
board has an electrode to which a lead member is to be
joined for electrical connection to other circuit. The
method produces on the electrode of the circuit board
two lead-free solder paste patterns each circular or el-
liptical in shape and arranged in a direction in which the
lead member is to extend from the electrode toward the
other circuit.
[0016] When used, the lead-free solder paste printing
method of the invention diminishes the frictional heat to
be generated between the printing squeegee and the
metal mask, gives improved fluidity to the solder paste
within the metal mask openings and inhibits the rise in
the temperature of the solder paste due to frictional heat.
Consequently, parts can be soldered satisfactorily with-
out permitting the deterioration (oxidation) of the flux
that would entail an impaired bond strength.
[0017] If the metal mask has two openings arranged
side by side along a direction orthogonal to the direction
in which the lead member is to extend, the solder paste
will not be supplied in a sufficient amount to the end por-
tions of the electrode on which a great stress acts from
outside when the lead member is joined to the electrode.
The arrangement therefore entails the likelihood that an
effect to give an improved bond strength will not be avail-
able.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 includes a series of perspective views show-
ing the steps of a method of printing lead-free solder
paste according to the invention;
FIG. 2 is a plan view of a metal mask embodying
the invention;
FIG. 3 is a plan view of a conventional metal mask;
FIG. 4 is a plan view of a metal mask having two
elliptical openings for one electrode;
FIG. 5 is a plan view of a metal mask having four
circular openings for one electrode;
FIG. 6 includes a series of perspective views show-
ing the steps of a conventional method of printing
lead-free solder paste;
FIG. 7(a) and FIG. 7(b) are a sectional view and a
plan view, respectively, for illustrating the genera-
tion of friction between a printing squeegee and a
metal mask; and
FIG. 8 is a plan view showing a metal mask having
two openings which are joined to each other.

DETAILED DESCRIPTION OF EMBODIMENTS

[0019] Embodiments of the present invention will be
described below with reference to the drawings con-
cerned. The method of printing solder paste with use of
a metal mask of the invention is practiced by using a
lead-free solder paste which contains a solder having a
melting point higher than 183°C, such as a lead-free sol-
der paste containing a tin-silver or tin-silver-copper
lead-free solder. Such a lead-free solder paste is usable
in place of tin-lead solder with reliability as high as is
conventionally available since silver is stable.
[0020] With reference to FIG. 4, a metal mask 1 em-
bodying the invention has two openings 11, 11 at a po-
sition corresponding to one electrode 21 which is pro-
vided on a circuit board and to which a lead member 6
is to be joined. The two openings 11, 11 are arranged
along a direction in which the lead member 6 is to extend
from the electrode 21, and are each smaller than con-
ventionally in area and elliptical in shape.
[0021] With reference to FIG. 5, another metal mask
1 according to the invention has four openings 11, 11,
11, 11 at a position corresponding to one electrode 21
which is provided on a circuit board and to which a lead
member 6 is to be joined. The four openings 11 are ar-
ranged along a direction in which the lead member 6 is
to extend from the electrode 21 and along a direction
orthogonal to this direction, and are each smaller than
conventionally in area and circular in shape.
[0022] FIG. 1 shows the steps of a solder paste print-
ing method of the invention wherein a metal mask 1
shown in FIG. 2 is used. The metal mask 1 has two el-
liptical openings 11a, 11b corresponding to one elec-
trode 21 which is provided on a circuit board and to
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which a lead member 6 is to be joined. The openings
11a, 11b are arranged along a direction in which the lead
member is to extend from the electrode. The first 11a of
these two openings 11a, 11b which is positioned closer
to the base end of the lead member 6 is made smaller
than the other, i.e., the second, opening 11b in area, and
the ratio of the area S1 of the first opening 11a to the
area S2 of the second opening 11b, i.e., S1:S2, is set at
1:2.
[0023] Furthermore, the two openings 11a, 11b are so
sized that opposite ends thereof in directions orthogonal
to the direction in which the lead member 6 is to extend
bulge out of the electrode 21 on the circuit board toward
the respective directions, and the bulging-out dimension
A is 0.3 to 0.5 mm. The second opening 11b is further
so sized that the end thereof toward the direction in
which the lead member 6 is to extend bulges out of the
electrode 21 toward the same direction, and the bulging-
out dimension B is 0.3 to 0.5 mm. The two openings 11a,
11b are spaced by a distance C of 0.3 to 0.4 mm.
[0024] The metal mask 1 described above is prepared
first which has two openings 11a, 11b at a position cor-
responding to the position of an electrode 21 on a circuit
board 2 as shown in FIG. 1(a). The metal mask 1 is at-
tached to the circuit board 2 as shown in FIG. 1(b). Next,
a tin-silver-copper lead-free solder paste 30 is placed
on the metal mask 1, and a printing squeegee 4 is
moved on the metal mask 1 from one end thereof toward
the other end, whereby the openings 11a, 11b of the
metal mask 1 are filled with the lead-free solder paste
30.
[0025] The metal mask 1 is thereafter peeled off the
circuit board 2. As a result, a lead-free solder paste pat-
tern 30a is printed on the circuit board 2 over the elec-
trode 21 as shown in FIG. 1(c). Electronic parts 5, a lead
member 6 in the form of a strip, etc. are then placed on
the solder paste pattern 30a over the electrode 21 as
seen in FIG. 1(d), and the board 2 is then passed
through a reflow furnace for soldering. The solder paste
is melted in the furnace, and the solder paste portions
as applied beyond the electrode area also become con-
fined to the electrode area.
[0026] The lead-free solder paste 30 can be uniformly
filled into the openings 11a, 11b of the metal mask 1 with
ease by the printing method described. The method also
diminishes the frictional heat conventionally generated
between the printing metal squeegee 4 and the edge
portions 15 of the opening 11 of the metal mask 1 shown
in FIG. 7(b), further permitting lead-free solder paste 30
to exhibit improved fluidity within the opening to inhibit
the rise in the temperature of the solder paste 30.
[0027] The second opening 11b of the lead member
6 to be subjected to great external pressure and stress
is given a larger area than the first opening 11a posi-
tioned toward the base end of the lead member 6 as
shown in FIG. 2, and the solder paste pattern is printed
excessively beyond the electrode area. Even if the lead
member 6 should be shifted owing to a self-alignment

effect in the reflow process, this supplies a sufficient
amount of solder paste to the electrode at the end por-
tion thereof toward the direction in which the lead mem-
ber extends and at opposite end portions thereof toward
directions orthogonal to this direction, i.e., at the elec-
trode end portions where great pressure and stress are
applied from outside when the lead member is joined to
the electrode, consequently ensuring a great bond
strength. Thus, the lead member 6 can be joined to the
circuit board with an increased strength and becomes
less likely to be removed from the board.
[0028] The area ratio of the first opening 11a to the
second opening 11b, i.e., the area ratio of the first print
portion provided by the solder paste in the first opening
to the second print portion similarly provided by the sec-
ond opening, is preferably in the range of 1:1.5 to 1:3.
If the first print portion is greater than this range in area,
the difference between the first print portion and the sec-
ond print portion in area becomes smaller, failing to af-
ford a sufficient effect to give an improved bond strength
against external pressure. Alternatively if the area of the
second print portion is greater outside this range, the
printing squeegee fails to uniformly apply the lead-free
solder paste to the circuit board because of the in-
creased area of the second opening 11b, consequently
entailing an impaired bond strength.
[0029] According to the lead-free solder paste printing
method of the invention, the two openings 11a, 11b in
the metal mask 1 are spaced apart by a small distance,
so that the solder paste can be transferred effectively
for printing, that is, the metal mask is smoothly remov-
able from the resulting print. The metal mask 1 produces
two lead-free solder paste patterns 30a, 30a on one
electrode 21, with a small clearance formed between the
two patterns 30a, 30a, with the result that a gas evolved
during soldering is smoothly released through this clear-
ance.
[0030] The method of printing a lead-free solder paste
with use of the metal mask of the invention diminishes
the frictional heat to be generated between the printing
squeegee and the metal mask and permits the solder
paste to exhibit improved fluidity within the mask open-
ings to inhibit the rise in the temperature of the solder
paste due to the frictional heat even when the solder
paste used is a tin-silver or tin-silver-copper lead-free
solder paste of high melting point. Consequently parts
can be soldered satisfactorily without permitting deteri-
oration (oxidation) of the flux that would entail an im-
paired bond strength.
[0031] The metal mask and method of the invention
are not limited to the foregoing embodiments but can be
modified variously by one skilled in the art without de-
parting from the spirit of the invention. For example,
when the two openings 11a, 11b formed in the metal
mask 1 are in communication with each other at their
side portions as shown in FIG. 8, the same advantage
as described above is available. The openings in the
metal mask of the invention are not limited to the circular
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or elliptical shape but can be of other shapes which are
equivalent to the circular or elliptical shape and which
produce an effect equivalent to that available by the cir-
cular or elliptical opening.

Claims

1. A metal mask for use with a circuit board (2) having
an electrode (21) formed in a predetermined pattern
to join an end portion of a lead member (6) thereto
for applying a lead-free solder paste (30) to the elec-
trode (21) of the predetermined pattern, the metal
mask being characterized in that the metal mask
has two openings (11a, 11b) formed at a position
corresponding to the position of the electrode (21)
on the circuit board (2) and arranged in a direction
in which the lead member (6) is to extend from the
electrode (21) toward other circuit, the two openings
(11a, 11b) being each circular or elliptical in shape.

2. A metal mask according to claim 1 wherein the two
openings (11a, 11b) are each in the shape of an el-
lipse having a minor axis in said direction in which
the lead member (6) is to extend.

3. A metal mask according to claim 1 wherein the first
(11a) of the two openings (11a, 11b) which is posi-
tioned closer to said end portion of the lead member
(6) to be joined to the electrode (21) on the circuit
board (2) is smaller than the other second opening
(11b) in area.

4. A metal mask according to claim 3 wherein the area
ratio of the first opening (11a) to the second opening
(11b) is 1:1.5 to 1:3.

5. A metal mask according to claim 1 wherein the two
openings (11a, 11b) are so sized that opposite ends
thereof in directions orthogonal to said direction in
which the lead member (6) is to extend bulge out of
the electrode (21) on the circuit board (2) toward the
respective directions.

6. A metal mask according to claim 5 wherein the
opening (11b) of the two openings (11a, 11b) which
is positioned toward said direction in which the lead
member is to extend is so sized that an end thereof
toward said direction in which the lead member is
to extend bulges out of the electrode (21) on the
circuit board (2) toward said same direction.

7. A metal mask according to claim 1 wherein the two
openings (11a, 11b) are in communication with each
other at side portions thereof.

8. A lead-free solder paste printing method comprising
placing a metal mask (1) on a circuit board (2) hav-

ing an electrode (21) formed in a predetermined
pattern to join an end portion of a lead member (6),
and moving a printing squeegee (4) along an upper
surface of the metal mask (1) to thereby print a lead-
free solder paste (30) on a surface of the electrode
(21) on the circuit board (2), the printing method be-
ing characterized in that the metal mask (1) has
two openings (11a, 11b) formed at a position corre-
sponding to the position of the electrode (21) on the
circuit board (2) and each having a circular or ellip-
tical shape, and that two lead-free solder paste pat-
terns (30a, 30a) are printed on the electrode (21)
by using the metal mask (1), the two solder paste
patterns being arranged in a direction in which the
lead member (6) is to extend from the electrode (21)
toward other circuit.

9. A lead-free solder paste printing method according
to claim 8 wherein the first (11a) of the two openings
(11a, 11b) of the metal mask (1) which is positioned
closer to said end portion of the lead member (6) to
be joined to the electrode (21) on the circuit board
(2) is smaller than the other second opening (11b)
in area.

10. A lead-free solder paste printing method according
to claim 9 wherein the area ratio of the first opening
(11a) of the metal mask (1) to the second opening
(11b) thereof is 1:1.5 to 1:3.

11. A lead-free solder paste printing method according
to claim 8 wherein the two openings (11a, 11b) of
the metal mask (1) are so sized that opposite ends
thereof in directions orthogonal to said direction in
which the lead member (6) is to extend bulge out of
the electrode (21) on the circuit board (2) toward the
respective directions.

12. A lead-free solder paste printing method according
to claim 11 wherein the opening (11b) of the two
openings (11a, 11b) of the metal mask (1) which
opening is positioned toward said direction in which
the lead member is to extend is so sized that an end
thereof toward said direction in which the lead mem-
ber is to extend bulges out of the electrode (21) on
the circuit board (2) toward said same direction.

13. A lead-free solder paste printing method according
to claim 8 wherein the lead-free solder paste (30)
comprises a solder consisting mainly of tin and con-
taining silver, or a solder consisting mainly of tin and
containing silver and copper.
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