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METHOD AND APPARATUS FOR DISPENSING LIQUID SOLDER

Background of the Invention

The present invention relates to a method of dispensing liquid
solder in separate portions, generally as set forth in the
preamble of claim 1; an apparatus for performing the method;
and an interéhangeable moulding die for use with the apparatus.

Soldering methods of this kind are typically (but not exclu-
sively) used for bonding of semiconductor elements (chips) on a
metal support (lead frame). In particular, power semiconductors
are as a rule attached by soft solder to the substrate, usually
of copper. The soldered joint ensures that heat produced in the
semiconductor chip when in operation is dissipated more
efficiently than it would if the joint were made of adhesive.
However, particularly in case of increased power density, the
soldered joint must be perfectly homogeneous, i.e. it should be
of the specified thickness and evenly distributed, and the
layer of solder should wet the whole area of the chip evenly,
be entirely free from air cavities and from impurities. At the
same time, as far as possible, the solder should not protrude
from the edges nor spread beyond the area of the chip, and this
in turn requires that an exact amount of solder is dispensed
and is accurately positioned on the substrate.
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METHOD AND APPARATUS FOR DI SPENSI NG LI QUI D SOLDER  Background of the

l.nvention

The present invention relates to a nethod of dispensing liquid

sol der in separate portions, generally as set forth in the preanbl e of

claiml; an apparatus for perform ng the t hod; and an interchangeabl e
moul di ng dimrisx ase Wi th the apparatus. Sol deri ng nethods of this kind
are typically (but not exclu- sively) used for bonding of sem conductor
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the melting point of the solder, in order to melt off a length
of wire. Because of its simplicity and flexibility, this method
is generally suitable for mass production. But the melting
process, especially the volume and the positioning of the
portion of solder, depends to quite a large extent on the
combination of materials and the surface properties of the
substrate, i.e. the amount of molten solder and its position
can vary considerably. Moreover, the approximately circular
wetted area formed by the molten solder fits the chip’s square
or rectangular shape rather badly.

In the second known method, flat pieces of solder material are
prefabricated.to match the dimensions of the chips. These so-
called solder preforms are then placéd on the substrate and
melted by it to form a layer of solder of the required size
(e.g. U.S. Patents 4,577,398 and 4,709,849). But because this
method requires prefabrication'of the solder preforms and
additional assembly operations, it is rather expensive and not
very flexible. Moreover, in both the aforesaid methods the
substrate has to conduct the heat to melt the solder, and is
therefore subjected to overheating. This takes time and limits
the choice of the substrate’s temperature.

Finally, U.S. Patent 4,527,717 describes an apparatus for
dispensing portions of liquid solder. In this, a substantial
amount of liquid solder is kept in a heated crucible and
maintained in molten state. In the base of the crucible a
stopper valve and a dosing piston are arranged above each
other, each with an actuating mechanism. By alternating
operation of the valve and the piston, measured portions can be
drawn off from the stored supply of molten solder. Such a
valve-and-piston mechanism is not very suitable for short
cycles andldoes not readily permit variations of the amount
dispensed. Besides consuming a great deal of energy to keep the
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sol dered joint nust be perfectly honogeneous, i.e. it should be of the
specified thickness and evenly distributed, and the |ayer of solder should
wet the whole area of the chip evenly, be entirely free fromair cavities
and frominpurities. At the sane tine, as far as possible, the sol der
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known with conventional hand-held soldering irons and other
similar soldering equipment, where a solder wire is progres-
sively fed in a guidance system through a longitudinal bore to
a perforated soidering tip preheated to the solder’s melting
temperature, and molten solder is forced out through a narrowed '
outlet in the soldering tip or is allowed to flow out by
capillary action (e.g. DE-A-~36 12 341, DE-C-37 34 550,

AT 291 716, US 2,875,719). In these the solder is melted in the
soldering tip itself, whereby the amount of solder is indeter-
minate. In heating the soldering tip, the heat flow is
generally from the rear towards the tip, hence there are
usually heat-insulating guide sleeves fitted immediately behind
the soldering tip or the heat source to inhibit heat flow
toward the rear.

Summary of the Invention

The primary object of the present invention is to propose
solutions to overcome the aforesaid disadvantages of prior art.
In particular, one of the objects of the present invention is
to propose a method and apparatus for dispensing measured
portions of liquid soft solder that are especially adapfed for
the technology of chip assembly, and are designed to make it
possible to vary the amount of solder dispensed with great '
accuracy and reliability over a wide range of weight and
volume. At the same time, in response'to present-day mass-
production needs, it shoﬁld also provide short cycle times and
a high degree of retooling flexibility.

These and other objects of the invention are met by a method
according to claim 1 and an apparatus in accordance with claim
11. Preferred embodiments of the invention are stated in the
dependent claims 2 to 10 inclusive for the method and 12 to 17
inclusive for the apparatus. The present invention also refers
to a moulding die according to claims 18 to 20 inclusive,
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of these nethods, the end of a solder wire is placed in contact with a
substrate that has been heated to a tenperature above the melting point of
the solder, in order to melt off a length gf Wi re. Because of its
sinmplicity and flexibility, this nethod is*generally suitable for nass
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t he conblnaf?%ﬁ t°%aterial s and the surface properties of the substrate,
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rature gradient as great as possible is maintained at the
transition between the heated and the cooled zones of the guide
tube, constant basic conditions are provided for the cyclic
supply of solder portions, particularly a constant metallo-
static pressure at the narrowed outlet. Thus the accuracy of
the amount dispensed each time depends almost entirely upon how
accurately the solder wire’s rate of feed is being controlled.
Moreover, subject only to the amount of molten solder available
in the bore of the guide tube, the amount dispensed in each
cycle is adjustable within wide limits. The use of a moulding
die to apply portions of solder to a substrate also makes it
- possible to produce portions of a given area and thickness.
Even on substrates not readily wetted by solder and/or heated
to lower temperatures, the application of exactly dosed amounts
of solder in well defined shapes is possible.

Brief description of drawings

The novel features of the invention as well as further objects
and advantages thereof will be better understood from the
following description in connection with the accompanying
drawings, in which preferred embodiments of the invention -
with special emphasis on the assembly of semiconductor chips on
a metal substrate - are illustrated by way of example.

Fig. 1 1is a partly diagrammatic vertical section of a first
embodiment of an apparatus with a moulding die for
soft-soldering semiconductor chips to a metal
substrate;

Fig. 2 1is a horizontal section along line II-II in figure 1;
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substrate has to conduct the heat to nelt the solder, and is therefore
subjected to overheating. This takes tine and |[imts the choice of the
substrate's tenperature. Finally, US. Patent 4,6527,717 describes an
apparatus for dispensing portions of liquid solder..In this, a substanti al
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energy to keep the apparatus according to figure 1;

Fig. 6 1is a partial section and side elevation of the
aforesaid moulding die; '

Fig. 7 1is a plan view of the moulding die from above;

Fig. 8 1is a section of the moulding die set on the substrate
and showing a portion of solder ejected into the

moulding cavity;

Fig. 9 shows a further embodiment of an apparatus for soft-
soldering, whose vertical section is similar to figure
1; and

Fig. 10 is a larger-scale detail of a special embodiment of the
narrowed outlet in figure 9. ;

Detailed description of the embodiments of Invention

The typical embodiment shown as a whole in figure 1 is used to
solder semiconductor chips 8 by soft solder to a strip of metal
substrate (lead frame) 4 moved along step by step in the
direction indicated by arrow c¢. A solder wire 1, for example
Imm or 0.76mm in diameter, is unreeled from a spool 2, inserted
and advanced longitudinally down from above by a drive
mechanism 3 through an apparatus 5, and meltéd in the lower
part thereof. The whole of the apparatus 5 can be raised and
lowered as indicated by arrow a. Liquid solder 1’ is dispensed
as separate portions — in the embodiment shown by means of a
moulding die 6 — by intermittent operation of the drive
mechanism 3 whenever the apparatus 5 is lowered and the
mbulding die 6 lies on the substrate 4 (see figure 8). Thereby
the heated metal substrate 4 is wetted by the solder ejected -
into the moulding die. The apparatus_S'is then raised and the
substrate 4 with the portion of solder 1”7 deposited thereon is
moved on, whereupon a chip 8 (shown only diagrammatically) is
placed on the still liquid portion of solder 1~.
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mass:of liquid solder, the suitability of this apparatus for continuous
operation seens doubtful. Mre generally in the field of soft sol dering,
arrangenents are known with conventi onal gnd hel d sol dering irons and
other simlar soldering equi pnent, where a’solder wire is progres- sively
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fl ow certain vertical stroke engthwise with respect to the guide

unit 12, as indicated by arrow b.

The guide unit 12 has a tube 13 that projects downward. Inside
the tube 13 there are two further concentric tubes 15 and 17,
extending from the head 16 of the connecting piece 14. The
lower ends of the tubes 15 and 13 are concentric. The solid
solder 1 moves along the longitudinal bore of the inner tube
15. The lower part 15’ of this longitudinal bore is widened to
accommodate a sliding guide tube 20 that beiongs to the melting
unit 18. The longitudinal bore 21 (figure 3) of the guide tube
20 continues to the end outlet 22 and matches the diameter of
the solid rod or wire of soft solder 1; the bore should not be
more than 5% to 10% wider than the diameter of the solid
solder.

Inside the housing 10 an annular electrical heater 25 is
permanently fitted and surrounds the melting unit 18. This
provides heat to a cylindrical crucible 26 without being in
direct contact therewith. The upper end of crucible 26 is held
by a sleeve 27 which is guided by ballbearings to slide up. and
down the tube 13. At their lower ends the crucible 26 and the
guide tube 20 are permanently connected to each other.

The heater 25 heats the crucible 26, and this in turn heats a
lower zone x (figure 3) of the vertical guide tube 20,
including its lower end 22, in order to melt the solder, so
that a lower zone of the tube 20 contains liquid molten soldér
1’. The temperature in the heated lower zone of the tube 20
should generally be higher than the solder material’s melting
point, to enSure'that the solder is completely melted. Some
soldering alloys however can also be worked at temperatures
below their liquidus temperature, so that the alloy melts only
partly, i.e. it forms a mixture of solid and liquid components.
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toward the rear. Summary of the Invention The primary object of the
present invention is to propose solutions to overcone the aforesaid

di sadvantages of prior art. In particular,_one of the objects of the
present invention is to propose a mnethod aﬁa apparatus for dispensing
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i;ated L gﬁggngnshgwnlthe solder is ejected into the moulding die 6
via its sprue gate (casting canal) 62 that forms a narrowed

outlet at the end of the bore 21.

An upper zone y (figure 3) of the tube 20 adjacent to the
heated zone x is cooled intensively to a temperature clearly
below the solder material’s solidus temperature. For this
purpose the connecting piece 14 provides for the circulation of
a suitable cooling medium, such as compressed air. The cooling
medium is supplied through a canal 51, it then flows in the
bore of the tube 17 along the outside of the tube 15 to an
annular canal 52 at the bottom, and from there on the outside
of the tube 17 up again to the exit canal 53. As a result, the
upper zone y of the guide tube 20 is cooled through the thin-
walled lower section of the tube 15, preferably by a constantly
controlled cooling action.

Figure 3 is a larger-scale detail of the transition in the
guide tube 20 from the lower heated zone x, where the guide
tube 20 contains molten liquid solder 1/, to the upper cooled
zone y in which the solder 1 is still solid. Figure 4 is a
related graph that shows the temperature T as a function of the
height h in the corresponding transition zone in tube 20. As
shown, a steep transition of temperature is produced from zone
y (temperature Tg) to zone x (temperatures Ty or Tyo). The
heat supplied to the guide tube 20 by the crucible 26 is
thermostatically controlled, for example by means of a
temperature sensor (not shown) in the lower part of the
crucible. The temperatures Ty and Tyo in zone x are adjustable
to suit the type of solder used at a given time, whereby,'as
may be seen from figure 4, the vertical position of the
temperature transition varies only slightly. The melting point
of typical soft-solder alloys varies from about 150°C to 410°C.
To ensure thorough melting of the solder for dispensing and '
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inclusive for the apparatus. The present invention also refers to a
nmoul ding die according to clains 18 to 20 incl usive,

-4- particularly designed for use with thg apparatus of he invention.
The invention's main advant ages are that readily provides a _
"single- str@ﬂsph@a@@@ﬁs sk @eéﬁhéatmnﬁhoﬁyﬁh@ E2tiesb1&hgnd ’éﬁBéStBQa

wht o pover"CBkRYE SEPBRERFUAP] Jaebh RORRLLY  L3GPARAEY, ofOF nEXaTBLEr Hoe.

The const anebgqutohbddC| eflshaatiuhg, therefore, the preset temperature Ty
should be higher than the solder’s liquidus temperature,
although as aforesaid some solders need not be thoroughly
melted use (Ty within the melting interval of the solder

alloy).

In practice the position of the temperature transition produced
by the joint effects of (controlled) heating and cooling proves
to be very stable. The level of the molten solder in the bore
21 and thus the amount of liquid solder available at any given
time before ejection can thus be controlled. The narrowed
outlet 62 would make it possible to hold back the molten solder
even if the capillary effect in the bore 21 and the cohesion of
the molten material were insufficient. Further details of the
narrowed outlet 62 are given below with reference to figures 9
and 10.

As the solid solder 1 is fed into the bore 21, it acts upon the
liquid solder 1’/ rather like a piston or plunger. As the solid
portion moves forward, it melts immediately to the stable
vertical position of the temperature transition. The heating
power depends mainly upon the quantity of solder to be
dispensed in operation per unit of time. At the end of the
solid part of the solder wire a certain sealing effect occurs
automatically in that, as molten material penetrates into the
gap between the wire and the wall of the bore, it congeals at
once and is pushed along with the wire. As a result of this
sealing effect in the range of the large temperature gradient
between zones x and y, considerable pumping pressure can be
exerted upon the liquid solder 1’.

An atmosphere of protective gas or forming gas should prefer-
ably be maintained in the bore 21 of the guide tube 20 and
extend as far as the molten solder 1’. Figure 1 therefore shows
a gas connection 54 for this purpose in the head 16 of the
connecting piece 14. The protective gas or forming gas spreads
along the solder wire 1 to the wider bore 15’ of tube 15 and
thence to the annular gap in the bore 21 to the molten material
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Jenpérature is of course adjusted in accordance with the particul ar

rrequi renments of the solder alloy. Because a tenpe- rature gradi ent as great
as possible is maintained at the transitiog between the heated and the

cool ed zones of the guide tube, constant basic conditions are provided for
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30 (preferably a step motor) that receives a feed signal from a
control unit 34 is connected to the driving roller 31. The feed
signal to the motor 30 is derived in the control unit, on the
one hand, from an input signal 35 that represents the nominal
amount of solder to be ejected at a given time and, on the
other, from a path-measuring signal generated by a rotary
encoder 33 connected to the sensor roller 32 which indicates
the effective distance that the solder is moved forward. The
solid solder 1 used may be assumed to have a constant cross-
section, hence a given amount of forward travel of the solid
solder 1 corresponds exactly to a given volume of the portion
of liquid solder ejected through the outlet 22.

As aforesaid, the apparatus shown transfers portions of solder
to the substrate 4 by means of a moulding die 6 immediately
adjacent to the guide tube 20. The tube 20 and the crucible 26,
on the one hand, and the body 60 of the moulding die 6, on the
other, are in contact with each other along a spherical surface
24 that also contains the outlet 22. As figure 2 shows in
detail, a gimbal mount keeps the moulding die 6 in contact with
the spherical surface 24. Two rods 42 arranged on one diameter
of the gimbal ring 40 keep the ring free to swing; they extend
up into the housing 10 and are secured to a carrier ring 44
that sits loosely in the housing 10. Two bearing pins 45
project inward from the gimbal ring 40 on a diameter offset by
90° to the diameter formed by the rods 42. A collar 64 with
semicircular cutouts 65 lies on the bearing pins 45 and rests
on the body 60 of the moulding die 6 (also refer to figures 6
and 7). This gimbal mount thus aliows the moulding die 6 to
swing freely in all directions relative to the spherical
surface 24, so as to fit the upper face of the substrate 4
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The novel features of the invention as well as further obj ects and

advant ages thereof will be better understood fromthe follow ng description
i n connection with the acconpanyi ng drawng%s in which preferred

enbodi nents of the invention - with special” enphasis on the -assenbly of
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section al qpg {1408y '41d 'e I Ma {AGMEs Lits position when it is raised, and
produces a good sealing action against the outflow of solder at
the point of transition from the tube 20 to the hole 62 in the

moulding die 6.

This arrangement also makes it easy to exchange different
moulding dies with one another. For this purpose the moulding
die fitted is raised; this compresses the compression spring 29
above the crucible 26 and sleeve 27. When the raised moulding
die is then turned through 90°, the collar 64 moves with it
past the bearing pins 45 so as to bring the grooves 65 into
approximate alignment with the rods 42 and to allow the
moulding die to be removed downward. A new moulding die can
then be fitted in analogous (reverse) order. This design
ensures a high positional éccuracy and makes re-adjustment
unnecessary after a change of moulding dies. Thus the only
parts of the apparatus that come into contact with the liquid
solder and may therefore be subject to a certain contamination
are the moulding die 6, the crucible 26, and the tube 20. But
the design shown has the advantage that it permits the fast,
easy, and repeatable replacement of the crucible 26 and the
tube 20.

The cruciblé 26 also transfers heat by way of the spherical
surface 24, in order to maintain the temperature of the
moulding die 6 at the working temperature TH of the solder. The
moulding die 6, the crucible 26, and the guide tube 20 are made
of material that cannot be wetted by the molten solder 1’.
Graphite, ceramic, glass, stainless steel, and titanium are
among the suitable materials.

Figures 5, 6, and 7 show further preferred design features of
the moulding die, especially as regards the die’s moulding
cavity. The moulding cavity 61 in the die 6 on the underside of
body 60 is open below toward the substrate and is bounded by a
bearing edge'66. The moulding cavity 61 communicates with the
outlet 22 of the guide tube 20 by a relatively narrow sprue 62.
/.
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-5- Fig. 3 shows at a larger scale the transition zo e between

solid and nolten solder marked Il in figure l; Fig. 4 1is a tenperature
graph that refers to figure 3; Fig. 5 isjgcplan view from bel ow of a _
moul di ng die used in an appar at us according to figure 1; Fig. 6 is
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section is sIm
qulckly and completely, but the positions of the vent holes

must obviously be chosen to suit the geometry of the mouldlng
cavity, and the surface area of the moulding cavity must in
turn suit the size of the chip that is to be soldered into
place on the substrate. As is well known, when the chip is then
applied} the deposited layer of molten liquid solder is
"sqeezed" in the soldering gap by the chip until both the chip
and the substrate are completely wetted over the total area of
the chip.

When the appatatus shown is ready for operation, a certain
supply of liquid solder 1’ is available in the lower zone x of
the guide tube 20. Capillary action in the bore 21 and
particularly in the narrowed canal 62 prevents the liquid
solder 1’/ from running out by itself. The épparatus is then
lowered, as indicated by arrow a, until the moulding die 6
abuts on the substrate 4. It is lowered with a small amount of
overtravel, hence the spring 29 is slightly compressed and the
ring 44 rised. The spring 29 also reduces the impact of the
moulding die upon the substrate 4. When the moulding die 6
strikes the substrate 4, its gimbal mount and the effect of the
spring allow it to adapt exactly to any slight inclination in
the position of the substrate 4, and the bearing edge 66
tightly closes the moulding cavity 61. This overtravel can also
overcome certain tolerances in the vertical position of the
substrate 4 and the finished height of the moulding die 6.

At the latest when the moulding die 6 lands on the substrate, a
start signal 35 (nominal feed length) triggers the forward
motion of the solid solder 1, and this causes a corresponding,
measured portion of liquid solder to be ejected through the
outlet 22 into the moulding cavity 61; any air present escapes
‘through the vent holes 63. Figure 8 shows that the liquid
solder will also rise in the vent holes 63 when the cavity 61
is full.
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Fig.10 is a larger-scale detail of a special enbodiment of the

narrowed outlet in figure 9. Detail ed description of the enbodi nents of
I nvention The typical enbodi mrent shown as 2 whole in figure 1 is used to
sol der sem conductor chips 8 by soft sol detTo a strip of nmetal substrate

(1 ead framru%tﬁ@‘feddﬁaﬁltgg‘éfseﬁrléy oﬁ)tt%ﬁél'e%tﬂfe e@'erc%%'rf@ﬁ rt‘ﬂie‘:?r?‘rigie@’ A on
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moul ding die 6 Iies on the substrate see ure
metal subst FQLEeX i§ ﬂé??é&dby1Fh§a§oﬁ§éFteF@C§§Ge freely SldeWaYS over

a considerable part of the target surface and to wet the sub-
strate before the moulding die touches it, unimpeded by the
usually very slight height of the moulding cavity 61 (the depth
of the recess 61 in the body 60 usually is much less than shown
for greater clarity in figures 1, 6, and 8). The lateral spread
of the liquid solder continues as the moulding die lands fully
on the substrate.

One effect of the risers or vent holes 63, namely of ensuring
that the mould fills completely, has already been referred to.
It is of advantage to make'use of the storage volume provided
by the vent holes 63 (quite considerable as compared with the
volume of the moulding cavity 61), by making the moulding
cavity 61 slightly shallower than would be necessary to obtain
the specified finished thickness of the solder layer below the
bonded chip. As figure 8 shows, when the moulding die sits
firmly on the substrate, a considerable part of the required
amount of solder is forced up the risers or vent holes 63,
whereby the whole of the mould’s surface is wetted right out to
its corners and edges, even when there is some variation in the
amount of solder ejected. As the moulding die 6 is raised, the
solder in the vent hdles 63 immediately flows back and spreads
across the wetted surface. The vent holes 63 also make it
possible to vary by their own volume'the amount of solid solder
fed in and thus the volume of solder dispensed; this makes it
possible to use the same moulding die 6 for making soldered
joints of various finished thicknesses. |

As soon as a cycle of advancing the solid solder and ejecting
the required amount of liquid solder is completed, the
apparatus 5 is raised from the substrate. This causes the
molten solder to adhere to the substrate and to break off in
the narrowed canal 62 below the outlet 22. As aforesaid, the
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into the moul ding die. The apparatus 5 is then raised and the substrate 4
with the portion of solder 1" deposited thereon is noved on, whereupon a

chip 8 (shown only diagranmatically) is placed on the still liquid portion
of solder 1". -6- The apparatus 5 is

hrmre or Ilgsmq@ials‘@idwzt: p%ftlme@lhel‘%veﬁ@m%ﬁéss ﬁﬁ éﬁ?eé@f na@fo@s%'éﬂ%%'é‘fctaaﬁ
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on the shifted, still liquid solder portion 17 just applied.
The next work cycle can thus begin.

It is also possible in a single cycle to dispense two or more
separate portions of solder next to one another on the same
surface of substrate, each portion having a predefined extent
and precise position. For this purpose, a particular moulding
die (not shown) is used with distinct moulding cavities for
each required portion of solder. Each of these moulding
cavities is supplied from the outlet 22 by a sprue of its own.
It is possible to break down the total portion of solder
ejected in a single cyle into separate portions to suit diffe-
rent volumes of separate moulding cavities by adapting the flow
resistance of these sprues, e.g. their diameter and length.

Finally, it is also possible to use the method according to the
invention - however with an embodiment of apparatus different
from that shown and described above - to apply measured
portions of solder to a substrate without the use of a moulding
die. In a first version of this, a drop of liquid solder is
formed at the outlet when the solid rod of solder is advanced
by'a given amount, then the outlet and the substrate are
approached to each other until the drop touches the substrate
and adheres thereto. Though this method does not produce a
given surface pattern defined by a moulding cavity, it allows
precisely positioned and exactly measured portions of solder to
be dispensed in rapid sequence. '

In a further version of using the method without a moulding
die, the solid solder is advanced toward the narrowed outlet in
rapidly pulsed motions to eject measured portions of liquid
solder in jets upon the substrate. Under certain conditions of
ejection — short pulses and.a sufficient gap between the outlet
and the- substrate — this forms the portion of solder into a
free drop or sphere once it leaves the outlet. In a special

application or further variation of this wversion of the method,
/ .
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The guide unit 12 has a tube 13 that projects downward. Inside the tube 13
there are two further concentric tubes 15 and 17, extending fromthe head
16 of the connecting piece 14. The | ower ends of the tubes 15 and 13 are
concentric. The solid solder 1 noves al ond%he Iongitudinal bore of the

i nner tube éﬁecgf&léoé‘@rth?@réoﬂéer%a%hbé éfﬁ@hfsé&@w@a J@Pﬂ@ asS13ytdeged to
accommbdat e slidin ﬁhde t upe 20 that belongs to the nelting unit 18.
2

The | ongi t JARYVEIReRbr ¢iPgttet 3t 7 gﬁ%e%dmﬁ%gﬁﬁb%b@ﬁecgh?l%%%%tF%t?he

end outl et PRiantakas Cﬁ’iespé§l§1lld;1@nﬁéede§ériﬂgf/ 5%31%%/ém of %\dﬁll@eﬁl;]oﬁof:he
sol der 1; the bore shou not be nore to W de an e
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therew t h. e upper cru0| y as
gui ded by bt |HRerswestxatelide up and down the tube 13. At their |ower

ends the crucible 26 and the ghlde tube 20 are permanently connected to
each ot her .The embodiment of the apparatus shown in figure 9 is generally

similar in design to that of figure 1, hence its main compo-
nents have the same reference numbers as there. The method
already described in conhection therewith also generally
applies to this, but there are certain useful modifications, as
described below:

Firstly, figure 9 provides for a forced and controlled flow of
protective or forming gas across the space 15’ through which
the solid solder 1 passes. For this purpose there is an

- additional tube 70 inside the tube 15 of the guidance system,
at a distance from the inner surface of tube 15. The forming or
protective gas is supplied through a hole 71 in the connecting
piece 14 into the annular canal between tubes 70 and 15, and
thence to the annular space 15’. From there the gas flows up
along the solder wire 1 in the guide bore of tube 70 and is
drawn off by suction through hole 72. The partial vacuum thus

~ produced in the annular space 15’ keeps any unwanted gas,
notably oxygen, clear of the molten solder and of the solder
wire as it is guided to the heated zone; it thus continually
forces out any unwanted gas that might seep in through the
entrance of the wire 1 or which is present in the sliding gap
between the guide tube 20 and the lower section of tube 15. It
is important that no excessiVe gas pressure is produced in the
space 15’ that could act along the wire 1 upon the molten
'solder 1’ and interfere with the holding and ejection processes
of the molten material.

In the apparatus shown in figure 1 and described in connection
therewith, the volume of liquid solder 1’ made available in the
tube 20 is given by the controlled vertical distance of the
temperature transition between the solid and liquid solder
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.The heater 25 heats the crucible 26, and this in turn heats a | ower zone x
(figure 3) of the vertical guide tube 20, including its lower end 22, in
order to nelt the solder, so that a | ower ,zone of the tube 20 contains
liquid nolten solder 1'. The tenperature'ﬂ “the heated | ower zone of the

tube 20 shaabévgeties abhylde 62ghefidt ke ab&néﬂéﬂ%fnﬁlﬁgréaldérrigiféng that

D 0SB ke (1S P6h OElohe SR SLELY (IBH gty SOTE BSLEoSL 1

t enper at ur afewesdid, ttiei sl Yoyt edl sdbstynpartdy, be. setiatfdififenentxture

of solid E”Tgééfgv(Lﬁénggggﬁgé'the metallostatic pressure increases with'"
height, it cannot be set at will. In theory, the volume of
liquid solder could be increased by the use of larger-diameter
wire, but in practice there are also limits to this, because
the wire is supplied on spools. As figure 9 shows, it is
however possible, if necessary, to increase the available
volume of molten solder considerably if the bore 21 in the
lower section of the heated zone is widened as shown at 21a in
figure 9. This does not increase the metallostatic pressure on
the outlet 62 nor reduce the sealing effect by the piston
formed of solid solder. |

Finally, the typical embodiment shown in figure 9 has a body 6a
instead of a moulding die 6, but this is still interchangeable
and fits closely against the lower end of the guide tube and
the spherical surface of the crucible 26. The perforated body
6a again forms a narrowed outlet 62 through which the liquid
solder is ejected. Such an embodiment is preferable for the
versions of the method described above in which no moulding die
is used, i.e. where drops of solder are ejected on to a
substrate or where the solder is ejected as the apparatus moves
laterally. As this figure shows, such a body 6a is held in
position by the same kind of system as a moulding die and is
thus as easily interchangeable.

As said above in connection with the first embodiment, each
portion of solder breaks off inside the hole 62. Since the
point of rupture in the length of the hole is indeterminate,
this results in a certain variation in the volume of successive
portions of solder. To obtain more accurately measured amounts
of solder, it is proposed to reduce the length of the hole 62,
as particularly figure 10 shows, by widening the upper part of
the hole 62a. This ensures that the molten solder can break off
only in the short part of the hole 62. The means shown in
figure 10 and described in connection therewith is of course
equally suitable for a body 6a in accordance with figure 9 as
for a moulding die 6.
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This latter case is therefore understood to be included whenever the terms
molten, melted, and liquid are us present disclosure. - As explained in
greater detail whenever the drive nmechanism 3 operates to feed solid sol der
1 down the guide tube 20, it causes the ejecCtion of a portion of liquid

sol der 1' fromthe Iower end of the bore 21. In the enbodi ment shown the
solder is ejected into the noulding die 6 via its sprue gate (casting
canal) 62 that fornms a narrowed outlet at the end of the bore 21. An upper
zone y (figure 3) of the tube 20 adjacent to the heated zone x is cool ed
intensively to a tenperature clearly below the solder material's solidus
tenperature. For this purpose the connecting piece 14 provides for the
circulation of a suitable cooling nedium such as conpressed air. The

cool i ng i supplied through a canal 51, it then flows in the bore of
t he tub;ﬁEd+unLL§~?ﬁ€“6UTSTde of the tube 15 to an annular canal 52 at the
bottom 4#@&” ” f.he outside of the tube 17 up again to the exit
canal 53. *ASc ﬂ"LLupper zone y of the guide tube 20 is cool ed
t hrough t he thin- mal ed | pwer section of the tube 15, preferably by a

constantly P

Patent Claims : E1l1-Plla

1. A method of dispensing liquid solder in separate portions,
in which solid solder in wire or rod form is fed step by step
within a guidance system through a longitudinal bore, then

melted, and ejected in molten form through a narrowed outlet,

wherein

a forward zone (x) including the end of a continuous, at least'
approximately vertical guide tube (20) is heated and an
adjacent .rear zone (y) of the fube is cooled, thereby
maintaining along said tube a positionally stable temperature
transition from below the solidus temperature of the solder
material to a temperature at which the solder material is at
least partially molten and liquid, so as to control within the
bore (21) of said guide tube (20) the level of molten material
and thereby the mass of molten material available for ejection
in accordance with the vertical dlstance of said temperature
transition from said narrowed outlet.

2. A method in accordance with claim 1, wherein, at constant
cooling power, the temperature to which the guide tube (20) is
heated is controlled in accordance with the solder material’s
melting temperature.

3. A method in accordance with qlaim 1 or 2, wherein an
atmosphere of protective gas or forming gas is maintained in
the bore (21) of the tube above the molten solder (17).
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,control Figure 3 is a larger-scale detail of the
tranmuﬂﬂ N{‘hmm\“ﬂ“‘] e 20 fromthe |ower heated zone x, where the
guide tu ins molten |iquid soldg 1', to the upper cool ed zone y
in which the solder 1 is still solid. Fi 01 7& 4 is a rel ated graph that
shows the tenperature T as a function of the height h in the correspondi ng

transition gonea imethh® 20. adSosddvde With eePaim ansivheredi 4 efpegadere i s

f Tl e
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t her nost at i €B$1 )y mmnumid:mtnng oviex arhpd ebdye meE2hs of Ehe¢ egpidace Fsgs’?emrd
not shown) h he tenperatures T[err] an
| SO wRHEK B 5 OLIA SRR pafeed.

Tlerr] in zone T Are 0 Sul e of solder used at a given
time, whereby, as may be seen fromfigure 4, the vertical position. of the

t enper at ur es | r 0S8 VAl | R5cORhdn S Bl Ye1 IIE ToH rwpﬁp%m%g PotyPbes!
sof t - sol der al%%fs varies from about 150[err]C to 410[err 0 ‘ensure

t hor ough ned® PR 1 3oTWRFLIRFe i EpRRI B dpeulding die (6) adjacent
to the tube (20), having a mouldlng cavity (61) communicating

with the outlet (22) and open towards the substrate (4), is
placed upon the -substrate (4), the portion of solder (1”) is
ejected, and the mouiding die (6) is then raised again from the
substrate (4). ' '

6. A method in accordance with claim 5, wherein ejection of
the portion of solder (1”) begins before the moulding die (6)
comes to rest on the substrate (4).

7. A method in accordance with claim 5 or 6, wherein a
moulding die (6) with vent holes (63) rising from its mouldihg
cavity (61) is used, and wherein the volumes of the portions of
solder (1”), of the moulding cavity in the moulding die (61),
énd of the vent holes (63) are so matched with one another that
upon ejection of the portions of solder (1”) some of the solder
rises up the vent holes (63), in order to flow back upon the
area of substrate wetted by solder when the moulding die is
raised.

8. A method in accordance with one of the claims 5 to 7, for
the bonding of semiconductor chips (8) on a strip of metal
substrate (4), wherein the moulding die (6) is cyclically set
upon the heated strip of substrate (4), the bortion of solder
(17) is ejected, the moulding die (6) is raised from the strip
of substrate and from the portion of solder, the strip of
substrate together with the portion of solder is moved forward
lengthWise (c), and a semiconductor chip (8) is then placed on
the portion of solder (17).
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- 8- appl | 1.0, fheating of the crucible an tube to a working
terrperaturﬂm “ﬂul n g[ﬁecessary, for exanple to about 450[err]C As a
rul e, ther ) s tenperature TH_shoul d be hi gher than the

sol der's |iquidus tenperature, although 3483f oresai d sone sol ders need not
be thoroughly nelted use (TH within the nelting interval of the sol der
alloy). Impr aichﬁmddleirpafcﬁdzﬁmxﬁ&e twietH esmerat lLth&aitmisan.LSIﬁd on, Ef.@ﬂumél by
the joint effects .of (controlle eat | and_ cool i roves t.o be. very
Stabl o ThemEAge ot (R K ST N 6 S B AR R L
of liquid sttaterofviidquid esatdemnyigifrarmed ret bioreutej et (22) cand tths be
Contr0|ledwsd%féfufg(ﬁﬁ%hght close to the substrate until the drop touches
the substrate and adheres thereto. '

10. A method in accordance with one of claims 1 to 4, for the
application of portions of solder to a substrate, wherein the
solid solder (1) is advanced in a pulselike manner, in order to
eject the portions of liquid solder towards the substrate in
jets.

11. An apparatus for carrying out the method of one of claims 1
to 10, '

having a guidance system for guiding solid solder (1) in the
form of wire or rod, said guidance system comprising a heated,
at least approximately vertical guide tube (20) and a narrowed
outlet (62) for liquid solder (17),

and having a drive mechanism (3) acting upon the solid solder
(1) for advances it step by step towards said outlet,

wherein

heater means (25, 26) for melting the solder material are
arranged for heat supply to a zone (x) of the guide tube (20)
including said outlet (22),

and cooling means (51, 52, 53) for the guide tube (20) are
provided to cool a zone (y) of the guide tube (20) adjacent to
said zone (X) to a temperature below the solidus temperature of .
the solder material. '

12. An apparatus in accordance with claim 11, wherein a heated,
drilled-through component (6, 6a) is interchangeably held in
contact with the end (22) of the guide tube (20), the hole of
said body forming said narrowed outlet (62).

13. An apparatus in accordance with claim 12, for the
application of portions of solder (1”) upon a substrate (4),
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out | et u mN|Nu|Bossible to hold back the nolten solder even if the
capil | agﬂlw;ﬂ Im ore 21 and the cohesion of the nolten materi al
were insuffi‘ci &nt™ Further details of the]Eprromed outlet 62 are given
below with reference to figures 9 and 10. ““As the solid solder 1 is fed

into the baﬁmeﬁéaniéamtdrﬂbbédi-hErd)ﬁgh!} dlﬁﬂéﬂ@haﬂci;eahléed’:ohp&iﬁleﬂtpﬁ.§tﬁn or
pl unger. As th sol i o [t _nelts | late o_the
stabl e verfW%%.dkﬁg|$+§ % t% %r%%ﬁ i?#aﬂ%?t?%ﬁﬁggﬁ% R%d?¥%éeﬁomer
depends naJmmyd@pohltheamMamaviggoa m@tﬂéxngocaeiﬂYSpéhsedpen bpuaadbothper

unit of tlrgh?éﬁ rdd$ F@P § f? 69 Q?% 6%pﬁnf?%%fﬁa ufdfn%:%% r at es

sealing effe occur s aut erra
into the gapPRYREGHt MG M}t@ %ﬂﬁdth@lﬁaK2lbf0fhbh%og@ld$tt%bﬁgé30t,a@ndnce

and is puswe@éﬂmgsauakg&f@eww@e fsop éﬁé%&u]?élﬁé“élée%) naaﬁfﬁé%awed
the range of the |ar erature radi ent between” zones x and vy,
conS|derabI%Pé) %ﬁgg F%eﬁaﬁe t%Y%rF%dt%%oﬁu?ﬁﬁr?F%uKﬁ)soIder 1'. An

at nosphere of protective gas or form ng gas should prefer-
14. An apparatus ih accordance with claim 12 or 13, wherein
said drilled-through, interchangeable component or said
moulding die (6, 6a) respectively is in contact with the end
(22) of said tube (20) along a spherical surface (24) and is
suspended on a gimbal mount in relation thereto.

15. An apparatus in accordance with claim 13, wherein the
moulding die (6) has vertical vent holes (63) for receiving
molten solder (1’), rising from the moulding die’s cavity (61)
preferably in its corners or along the edges thereof.

16. An apparatus in accordance with claim 11, wherein said zohe
(y) of the guide tube (20) to be cooled is surrounded by an
-annular space (52) through which a cooling gas circulates.

17. BAn apparatus in accordance with one of claims 11 to 16,
wherein the bore (21) of the guide tube (20) has a widened part
(21a) in the lower portion of the heated zone (x) for tdking up
liquid solder (17).

18. A moulding die for use with an apparatus in accordance with
claim 13, having a moulding cavity (61) open below and
connected to a gate or sprue (52), and being'made of a material
that is not wetted by liquid solder (1').

19. A moulding die in accordance with claim 18, having the
additional features of claim 14. '

20. A moulding die in accordance with claim 18. having the
additional features of claim 15.

1
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protective gas. _
for exanple a hydrogen-nitr gen m xture,
the nelt and the

ably be maintained in the bore 21 of the
the nol ten sol der
purpose in the head 16 of the connecting
form ng gas spreads along the solder wire
15 and thence to the annular gap in the bore 21 to the nolten materi al
nitrogen or argon a suitable for
As a form ng gas a reactive deoxidizing gas should be used,

1'. Figure 1 therefore

11 (figure 3). For exanple,

bor e

Abstract

gui de tube 20 and extend as far as

shows a gas connection 54 for this
$ce 14. The protective gas or
0% 0 the wider bore 15 of tube

use as

t he purpose of which is to keep

21 free from contam nating oxi des.

Ell1-Plla

In order to produce separate measured portions (1“) of liquid

solder, solid solder (1) in the form of wire or rod is guided

through the longitudinal bore
including the end (22) of the
solder’s melting temperature,
By contrast, an adjacent zone

whereby a positionally stable

of a guide tube (20). A zone
tube (20) is heated above the
in order to liquefy the solder.
of the guide tube is cooled,
temperature transition is

maintained in the tube (20). Thereby the amount of molten
solder available above a narrowed outlet (62) is controlled. A
drive mechanism (3) advances the solder (1) step by step S0
that the solid solder acts as a piston to eject portions of
liquid solder through the aforesaid outlet (62). A suitable
apparatus (5) for applying portions of solder to a substrate
(4) can be raised and lowered (a). At its base it has a
moulding die (6) connected to the outlet (62) that can be set
down upon the substrate and has a moulding cavity open on its
underside. This determines and restricts the surface wetted by
the liquid solder (1’) on the substrate (4). The main
application is the bonding of semiconductor chips (8) by soft-
soldering.

(Figure 1)
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.The drive mechanism 3 shown in figure 1 for advancing the rod or wire-type
solder 1 step by step has a driving roller 31 and a sensor roller 32 which
gui de the sol der between them A notor 30 (preferably a step notor) that
receives a feed signal froma control unit 34 is connected to the driving
roller 31. The feed signal to the notor 30 is derived in the control unit,
on the one hand, froman input signal 35 that represents the nom nal anount
of solder to be ejected at a given tinme and, on the other, froma

pat h- neasuring signal generated by a rotary encoder 33 connected to the
sensor roller 32 which indicates theeﬁﬁﬂectl e di st e that the solder is
noved forward. The solid solder 1 us zéy e assu to e a constant
cross- section, hence a given anount of forward trgggi—}LEZie sol i d sol der
1 corresponds exactly to a given volune of theZportliop &f |iquid sol der

ej ected through the outlet 22. As afongsaI'
portions of solder to the substrat®™4 by —h q31a£§B§Idin die 6

i medi ately adj., 2 vt e gui de tube 20. g ) he cruci bl e 26,
on the one hgs abody 60 of the rm n the

, the appprgpus shown transfers
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.other, are in contact with each other along a spherical surface 24 that

al so contains the outlet 22. As figure 2 shows in detail, a ginbal nount
keeps the nmoulding die 6 in contact with the spherical surface 24. Two rods
42 arranged on one dianeter of the ginbal ring 40 keep the ring free to

SWi ng; they extend up into the housing 10 and are secured to a carrier ring
44 that sits loosely in the housing 10. Two bearing pins 45 project inward
fromthe ginbal ring 40 on a dianeter offset by 90 to the dianeter forned
by the rods 42. A collar 64 with semcircular cutouts 65 lies on the
bearing pins 45 and rests on the body 60 of the nmoulding die 6 (also refer
to figures 6 and 7). This ginbal nmount thus allows the noulding die 6 to
swing freely in all diflggi &s relative to the sphericaljgﬁgﬁaqé 24, so as
to fit the upper face of fhe substrate 4

hhwm]‘
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«~10-" closely as the nmoulding die 6 is |lowered. A preteioned conpression
spring 29 above the sleeve 27 exerts a constant contact pressure on the
spherical surface 24, wherby the nmoulding die 6 maintains its position when
it is raised, and produces a good sealing action against the outfl ow of

sol der at the point of transition fromthe tube 20 to the hole 62 in the
moul ding die 6. This arrangenent al so nakes it easy to exchange different
nmoul ding dies with one another. For this purpose the moulding die fitted is
raised; this conpresses the conpression spring 29 above the crucible 26 and
sl eeve 27. When the raised moulding die is then turned through 90[err], the
collar 64 noves with it past the bearing pins 45 so as to bring the grooves
65 i nto appi/Ogi alignnment with the rods 42 and to alljﬁ$gh§ noul di ng
die to be reno¥ed downward. A new noul di ng die can then be tted in

anal ogous (reverse) order. This design ensures a hi posi tional accggacy
and naekes re-adj ust nent ecessary after a change o\ noul di ng dies. \Thus
the only 9) (Q
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RParts of the apparatus that come into contact with the |iquid solder and
may therefore be subject to a certain contam nation are the noul di ng die 6,
the crucible 26, and the tube 20. But the design shown has th
that it permts the fast, easy, and repeatable repla g(AEN’\'IGSREETC bI e
26 and the tube 20. The crucible 26-alhse transfers . e
spherical surface 24, in order to maifNtain the tenpe aq
die 6 at the working tenperature TH of the solder. THe
cruci ble 26, and the guide tube 20 are nade of naterijal
wetted by the nolten solder 1'. G aphite, ceramc, glass stalnless st egl ,
and titaniumare anong the suitable materials. Figures 5.6 ow
further preferred design features of the noul ding die, espeC|aIIy as
regards the die's noulding cavity. The noulding cavity 61 in the die 6 on
t he undersi de of body 60 is open below toward the substrate and i s bounded
by a bearing edge 66. The noul ding cavity 61 comrunicates with the outl et
22 of the guide tube 20 by a relatively narrow sprue 62.

ure of
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METHOD AND APPARATUS FOR DISPENSING LIQUID SOLDER

Background of the Invention

The present invention relates to a method of dispensing liquid -
solder in separate portions, generally as set forth in the
preamble of claim 1; an apparatus for performing the method;
and an interchangeable moulding die for use with the apparatus.

Soldering methods of this kind are typically (but not exclu-
sively) used for bonding of semiconductor elements (chips) on a
metal support (lead frame). In particular, power'semiconductors
are as a rule attached by soft solder to the substrate, usually
of copper. The soldered joint ensures that heat produced in the
semiconductor chip when in operation is dissipatedﬂmore _
efficiently than it would if the joint were made of adhesive.
However, particularly in case of increased power density, the
soldered joint must be perfectly homogeneous, i.e. it should be
of the specified thlckness and evenly dlstrlbuted, and the
. layer of solder should wet the whole area of the chip evenly, -
be entirely free from air cavities and from impurities. At the
same time, as far as p0551b1e, the solder should not protrude
_from the edges nor spread beyond the area of the Chlp, and this
in turn requires that an exact amount of solder is dispensed
and is accurately positioned on the substrate.



-~11- The noul ding cavity 61 has risers or vent holes 63|0 o '
the body 60 of the noulding die 6. As shown, these vent ﬁ@ﬁé@k gﬂﬁff
preferably be at the corners and/or n ar the edges of the |moul din cavity
61, to ensure that the noul fills quickly and conpletelly,| buk Fﬁg‘@QY
positions of the vent holes nmust obviousTy be chosen tojsyit_the geonetdy
of the meeibmgaxrtvity, and the surface area of the moullding cavity must ijn
turn suit the size of the chip that is to be soldered inio place on the
subst r at €ln Azhé stigld &hosenioprducter caspenbly hetwappiirdsolflerivgosi t ed
| ayer of S | | | $n "SELEEELR 1 | o) r bynthgechip
until bot t}%e ch%%a%a&?{dég%bg% r%te ajr'a(ga%: @s% Qf%f Jif\/i\gtHtxr:;'lgdgl\i;‘gr ?rrl]e&'?ot al
area of ©f these methods, the end of a solder wire 1s placed in contact

with a substrate that has been heated to a temperature above
the melting point of the solder, in order to melt off a length

of wire. Because of its simplicity and flexibility, this method
is generally suitable for mass production. But the melting
process, especially the volume and the positioning of the
portién of solder, depends to quite a large extent on the
combination of materials and the surface properties of the
substrate, i.e. the amount of molten solder and its position
can vary considerably. Moreover, the approximately circular
wetted area formed by the molten solder fits the chip’s square
or rectangular shape rather badly.

In the second known method, flat pieces of solder material are
prefabricated to match the dimensions of the chips. These so-
called solder preforms are then placed on the substrate and
melted by it to form a layer of solder of the required size
(e.g. U.S. Patents 4,577,398 and 4,709,849). But because this
method requires prefabrication of the solder preforms and
additional assembly operations, it is rather expensive and not
very flexible. Moreover, in both the aforesaid methods the
substrate has to conduct the heat to melt the solder, and is
therefore subjected to overheating. This takes time and limits
the choice of the substrate’s temperature.

Finally, U.S. Patent 4,527,717 describes an apparatus for
dispensing pdrtions of liquid solder. In this, a substantial
amount of liquid solder is kept in a heated crucible and
maintained in molten state. In the base of the crucible a
stopper valve and a dosing piston are arranged above each
other, each with an actuating mechanism. By alternating
operation of the valve and the piston, measured portions can be
drawn off from_the.stored supply of molten solder. Such a
valve—-and-piston mechanism is not very'suitable for short
cycles and does not readily permit‘variations of the amount
dispensed. Besides consuming a great deal of energy to keep the
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theschip. When the apparatus shown is ready for operation._ a certan
supply of liquid solder 1' is available in the | ower zon REp[AQEMENﬁnﬁﬂgET
tube 20. Capillary action in the bore 21 and particul arl
canal 62 prevents the liquid solder 1' fromrunning out b iel 5&Th§?
apparatus is then | owered, as indicateJQBy arrow a, until|the
6 abuts @aslshe subisfuiat %o‘!l.de'z:t ithd @%ﬁrt%l\’!ﬂ dE@lis .
overtravel , hence the s 29 I S E%’ conpressed and t he rlng 44
rised. TROPEIRURYS SPS Y of t he nDuIdLﬂg eh-e upUH tne
substrat 4. \Wen 1 maul e substrate 4 its
rount | andoEe SSPREAL L3t %3%%#%§C§|q DA SRR BRI Fehi
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tightly ¢ligs9s 4 e i1mRyW; \ﬁn{elsﬁm 0 avels gan al corre
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€ Orm%%mperature, and molten solder is forced out through a narrowed
outlet in the soldering tip or is allowed to flow out by
capillary action (e.g. DE-A-36 12 341, DE-C-37 34 550,
AT 291 716, US 2,875,719). In these the solder is melted in the
soldering tip itself, whereby the amount of solder is indeter-
minate. In heating the soldering tip, the heat flow is
generally from the rear towards the tip, hence there are
usually heat-insulating guide sleeves fitted immediately behind
the soldering tip or the heat source to inhibit heat flow
toward the rear.

Sﬁmmary of the Invention

The primary objeét of the present invention is to propose
solutions to overcome the aforesaid disadvantages of prior art.
In particular, one of the objects of the present invention is
to propose a method and apparatus for dispensing measured
portions of liquid soft solder that are especially adapted for
the technology of chip assembly, and are designed to make it
possible to vary the amount of solder dispensed with great
accuracy and reliability over a wide range of weight and
volume. At the same time, in response to present-day mass-
production needs, it should also provide short cycle times and
a high degree of retooling flexibility.- ' '

These and other objects of the invention are met by a method-
according to claim 1 and an apparatus in accordance with claim’
11. Preferred embodiments of the invention are stated in the
dependent claims 2 to 10 inclusive for the method and 12 to 17
inclusive for the apparatus. The present invention also refers
to a moulding die according to claims 18 to 20 inclusive,




nDtion of the solid solder 1, and this causes a correspondi nd, -
portion of liquid solder to be ejected through the outlet 22 iﬁ?gﬂﬁﬂéﬁghT SHEET

noul ding cavity 61; any air present escapes through the vent §hgl es 63.
Figure 8 shows that the liquid solder will also rise in the e%ﬁ'hélmggﬁgg?
when the cavity 61 is full. L-12-
Further advantages are obtained if ejection of the soldeggf i ns shortly
bef ore thertbohdrndyddessgnesefor Wse #dirhadhe,aPPanadusy © 4 i.e if
t he Starin§éﬁﬂ§bn35 begins a little sooner. This nmakes it possible to
reduce overall cycle tine, because there is-sone tine overlap in |owering.
the tool pgadigiveatios’ shmaiel deivanklagdie axemehatnet afdetily dropricdes a

rsingle-stroke" process that permits high cycle rates. The
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dispensing capacity is mainly limited only by the heating power
to melt the solder, which power can be automatically controlled
regardless of the substrate. The constantly controlled heating
temperature is of course adjusted in accordance with the
particular requirements of the solder alloy. Because a tempe-
rature gradient as great as possible is maintained at the
transition between the heated and the cooled zones of the guide
tube, constant basic conditions are provided for the cyclic

~ supply of solder portions, particularly a constant metallo-
static pressure at the narrowed outlet. Thus the accuracy of
the amount dispensed each time depends almost entirely upon how
accurately the solder wire’s rate of feed is being controlled.
Moreover, subject only to the amount of molten solder available
in the bore of the guide tube, the amount dispensed in.each
cycle is adjustable within wide limits. The use of a moulding
die to apply portions of solder to a substrate also makes it
possible to produce portions of a given area and thickness.
Even on substrates not readily wetted by solder and/or heated
to lower temperétures, the application of exactly dosed amounts
of solder in well defined shapes is possible.

Brief description of drawings

The novel features of the invention as well as further objects
and advantages thereof will be better understood from™ the
following description in connection with the accompanying
drawings, in which preferred embodiments of the invention -
with speciai emphasis on the assembly of semiconductor chips on
a metal substrate - .are illustrated by way of example.
Fig. 1 is a partly digé:ammatit_vertical section of a first
embodiment of 'an apparatus with a moulding die for
séff4soldériﬁ&aééhi¢onductér chips to a metal

substrate;

Fig. 2 is a horizontal®section along line II-II in figure 1;




sol der is ejected, it can start to spread freely sideways OREPLACEMENT. SHEET
tonsi derable part of the target surface and to wet the suly-

t he noul ding die touches it, uninpeded by the-usually ver Iight ﬂeig%t qf
the moul ding cavity 61 (the depth of ths_recess 61 in thelbddyl 6oMEEUESYy
I's much | ess than shown for greater claity in figures 1, {6,L.and_8). The
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be necessary to obtain the specified finished thickness the so rlayer
bel ow t he bondePRRRAIALRS #FERFLiBIshOwWELIIWRRNL{he moul ding die sits firny
art of, th ui red anouynt  of solder is

on the sybstrate, a_consjderabl e re
f or ced L#thegri§%r§ BRr %ﬁi ﬁﬁFESOQS?thEFaﬁyegﬁga BP0t thRe noul d' s
surface is wetteafforgdhaidunonbding dbepers and edges, even when there is

sone variation in the
Fig. 7 1is a plan view of_the moulding die from above;

Fig. 8 1s a section of the moulding die set on the substrate
and showing a portion of solder ejected into the
moulding cavity;

Fig. 9 shows a further embodiment of an apparatus for soft- -
soldering, whose vertical section is similar to figure
1; and

Fig. 10 is a larger-scale detail of a special embodiment of the
narrowed outlet in figure 9.

Detailed description of the embodiments of Invention

The typical embodiment shown as a whole in figure 1 is used to
solder semiconductor chips 8 by soft solder to a strip of metal
substrate (lead frame) 4 moved along step by step in the
direction indicated by arrow c. A solder wire 1, for example
lmm or 0.76mm in diameter, is unreeled from a spool 2, inserted
and advanced longitudinally down from above by a drive
mechanism 3 through an apparatus 5, and melted in the lower
part thereof. The whole of the apparatus 5 can be raised and
lowered as indicated by arrow a. Liquid-solder 1’ is dispensed
as separate portions — in the embodiment shown by méans of a
moulding die 6 — by intermittent”operatioh of the drive
mechanism 3 whenever the apparatus 5 is.lbwered and the
moulding die 6 lies on the substrate 4 (see figure 8). Thereby
the heated metal substrate 4 is wetted by the solder ejected
intQ the moulding die. The apparatusls is then raised and the
substrate 4 with the portion of solder 17 deposited thereon is
moved on, whereupon a chip 8 (shown only diagrammatically)-is
placed on the still liquid portion of solder 1~. '



anDunt of solder ejected. As the nmoulding die 6 is raised, the solder_in

t’he vent holes 63 imediately flows back and spreads across !
surface. The vent holes 63 al so nake it possible to vary by ‘E@?pﬁgggéNT SHEET

vol ume the anount of solid solder fed ingand thus the vol unef of so
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piece 14 are fixedly mounted in the housing 10. The melting

unit 18 together with the moulding die 6 can carry out a

certain vertical stroke lengthwise with respect to the guide

unit 12, as indicated by arrow b.

The guide unit 12 has a tube 13 that projects downward. Inside
the tube 13 there are two further concentric tubes 15 and 17,
extending from the head 16 of the conneéting piece 14. The
lower ends of the tubes 15 and 13 are concentric. The solid
solder 1 moves along the longitudinal bore of the inner tube
15. The lower part 15’ of this longitudinal bore is widened to
accommodate a sliding gqguide tube 20 that belongs to the melting
unit 18. The longitudinal bore 21 (figure 3) of the guide tube
20 continues to the end outlet 22 and matches the diameter of
the solid rod or wire of soft solder 1; the bore should not be
more than 5% to 10% wider than the diameter of the solid
solder.

Inside the housing 10 an annular electrical heater 25 is
permanently fitted and surrounds the melting unit 18. This
provides heat to a cylindrical crucible 26 without being in
direct contact therewith. The upper end of crucible 26 is held
by a sleeve 27 which is guided by ballbearings to slide up and
down the tube 13. At their lower ends the crucible 26 and the
guide tube 20 are permanently connected to each other.

The heater 25 heats the crucible 26, and this in turn heats a
lower zone x (figure 3) of the vertical guide tube 20,
including its lower end 22, in order to melt the solder, so
that a lower zone of the tube 20 contains liduid molten solder
. 1’ . The temperature in the heated lower zone of the tube 20
should generally be higher than the solder material’s melting
point, to ensure.that the solder is completely melted. Some
soldering alloys however can also be worked at teﬁperatures
below their liquidus temperature, so_that the alloy melts only
partly, i.e. it forms a mixture of solid and liquid components.



-13- liquid solder left in the vent holes 63 spreads across the area wetted __
by the solder. The heated substrate 4 is then advanced a step—+f—= ﬁu HEEfW
manner, as indicated by arrow c; the next field of substrate REPLAEE gﬁné
the apparatus and a chip 8 is placed 0Q7Lhe shifted, still |#&qut er
portion 1" just applied. The next work cycle can thus begin. | Ijt ﬂ@ ﬁﬁﬁd@§7
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via its sprue gate (casting canal) 62 that forms a narrowed
outlet at the end of the bore 21.

An upper zone y (figure 3) of the tube 20'adjacent to the _
heated zone x is cooled intensively to a temperature clearly
below the solder material’s solidus temperature. For this
purpose the connecting piece 14 provides for the circulation of
a suitable cooling medium, such as compressed air. The cooling
medium is supplied through a canal 51, it then flows in the
bore of the tube 17 along the outside of the tube 15 to an
annular canal 52 at the bottom, and from there on the outside
of the tube 17 up again to the exit canal 53. As a result, the
upper zone y of the guide tube 20 is cooled through the thin-
walled lower section of the tube 15, preferably by a constantly.
controlled cooling action. '

Figure 3 is a larger-scale detail of the transition in the.
guide tube 20 from the lower heated zone x, where the guide
tube 20 contains molten liquid solder 1’, to the upper cooled
zone y in which the solder 1 is still solid. Figure 4 is a

" related graph that shows the temperature T as a function of the
height h in the corresponding transition zone in tube 20. As
shown, a steep transition of temperature is produced from zone
y (temperature Tg) to zone x (temperatures Tyy or'Tﬁz). The
heat supplied to the guide tube 20 by the crucible 26 is
thermostatically controlled, for example by means of a
temperature sensor (not shown) in the lower part of the
‘crucible. The temperatures Tyq and Ty, in zone x are adjustable
to suit the type of solder used at a given time, whereby, -as
may be seen from figure 4, the vertical position of the
temperature transition varies only siightly. The melting point
of typical soft-solder alloys varies from about 150°C to 410°C.
To ensure thorough melting of the solder for dispensing and




I nvention - however with an enbodi nent of apparatus diffe ﬁa.fArC?mENITaSHEET
shown and descri bed above - to apply neasured portions of|s er 1q.a
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by the joint effects of (controlled) heating and cooling proves
to be very stable. The level of the molten solder in the bore
21 and thus the amount of liquid solder available at any given
time before ejection can thus be controlled. The narrowed
outlet 62 would make it possible to hold back the molten solder
even if the capillary effect in the bore 21 and the cohesion of
the molten material were insufficient. Further details of the
narrowed outlet 62 are given below with reference to figures 9
and 10.

As the solid solder 1 is fed into the bore 21, it acts upon the
liquid solder 1’ rather like a piston or plunger. As the solid
portion moves forward, it melts immediately to the stable '
vertical position of the temperature transition. The heating
power depends mainly upon the quantity of solder to be
dispensed in operation per unit of time. At the end of the
solid part of the solder wire a certain sealing effect occurs
automatically in that, as molten material penetrates into the
gap between the wire and the wall of the bore, it congeals at
once and is pushed along with the wire. As a result of this
sealing effect in the range of the large temperature gradient
between zones x and y, considerable pumping pressure can be
exerted upon the liquid solder 17. )

An atmosphere of protective gas or forming gas should prefer-
ably be maintained in the bore 21 of the guide tube 20 and
extend as far as the molten solder 1’. Figure 1 therefore shows
a gas connection 54 for this purpose in the head 16 of the |
connecting piece 14. Thé'protective gas or forming gas spreads
along the solder wire 1 to the wider bore 15’ of tube 15 and
thence to the annular gap in the bore 21 to the molten material
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from contaminating oxides.

The drive mechanism 3 shown in figure 1 for advancing the rod
or wire-type solder 1 step by step has a driving roller 31 and
a sensor roller 32 which guide the solder between them. A motor
30 (preferably a step motor) that receives a feed signal from a
control unit 34 is connected to the driving roller 31. The feed
signal to the motor 30 is derived in the control unit, on the
one hand, from an input signal 35 that represents the nominal
amount of solder to be ejected at a given time and, on the
other, from a path-measuring signal generated by a rotary
encoder 33 connected to the sensor roller 32 which indicates
the effective distance that the solder is moved forward. The
solid solder 1 used may be assumed to have a constant cross-
section, hence a given amount of forward travel of the solid
solder 1 corresponds exactly to a given volume of the pbrtion
of liquid solder ejected through the outlet 22.

As aforesaid, the apparatus shown transfers portions of solder
to the substrate 4 by means of a moulding die 6 immediately
adjacent to the guide tube 20. The tube 20 and the crucible 26,
on the one hand, and the body 60 of the moulding die 6, on the
other, are in contact with each other along a spherical surface
24 that also contains the outlet 22. As figure 2 shows in
detail, a gimbal mount keeps the moulding die 6 in contact with
the spherical surface 24. Two rods 42 arranged on one diameter
of the gimbal ring 40 keep the ring free to swing; they extend
up into the housing 10 and are secured to a carrier ring 44
that sits loosely in the housing 10. Two bearing pins 45
project inward from the gimbal ring 40 on a diameter offset by
90° to the diameter formed by the rods 42. A collar 64 with
semicircular cutouts 65 lies on the bearing pins 45 and rests
on the body 60 of the moulding die 6 (also refer to figures 6
and 7). This gimbal mount thus allows the moulding die 6 to
swing freely in all directions relative to the spherical
surface 24, so as to fit the upper face of the substrate 4 |
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moulding dies with one another. For this purpose the moulding
die fitted is raised; this compresses the compression spring 29
above the crucible 26 and sleeve 27. When the raised moulding
die is then turned through 90°, the collar 64 moves with it
past the bearing pins 45 so as to bring the grooves 65 into
approximate alignment with the rods 42 and to allow the
moulding die to be removed downward. A new moulding die can
then be fitted in analogous {(reverse) order. This design
ensures a high positional accuracy and makes re-adjustment
unnecessary after a change of moulding dies. Thus the only
parts of the apparatus that come into contact with the liquid
solder and may therefore be subject to a certain contamination
are the moulding die 6, the crucible 26, and the tube 20. But
the design shown has the advantage that it permits the fast,
easy, and repeatable replacement of the crucible 26 and the
tube 20. -

The crucible 26 also transfers heat by way of the spherical’
surface 24, in order to maintain the temperature of the
moulding die 6 at the working temperature TH of the solder. The
moulding die 6, the crucible 26, and the guide tube 20 are made
of material that cannot be wetted by the molten solder 1’.
Graphite, ceramic, glass, stainless steel, and titanium are
among the suitable materials.

Figures 5, 6, and 7 show further preferred design features of
the moulding die, especially‘as regards the die’s moulding i:
cavity. The moulding cavity 61 in the die 6 on the underside of .
- body 60 is open below toward the substrate and is bounded by a
bearing edge 66. The moulding cavity 61 communicates with the
outlet 22 of the guide tube 20 by a relatively narrow sprue 62.
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of the moulding cavity 61, to ensure that the mould fills
quickly and completely, but the positions of the vent holes
must obviously be chosen to suit the geometry of the moulding
cavity, and the surface area of the moulding cavity must in
turn suit the size of the chip that is to be soldered into
place on the substrate. As is well known, when the chip is then
applied, the deposited layer of molten liquid solder is
"sqeezed" in the soldering gap by the chip until both the chip
and the substrate are completely wetted over the total area of
the chip.

When the apparatus shown is ready for operation, a certain
supply of liquid solder 1’ is available in the lower zone x of
the guide tube 20. Capillary action in the bore 21 and
particularly in the narrowed canal 62 prevents the liquid
solder 1’ from running out by itself. The apparatus is then
lowered, as indicated by arrow a, until the mouldiné die 6

" abuts on the substrate 4. It is lowered with a small amount of -
overtravel, hence the spring 29 is slightly compressed and the
ring 44 rised. The spring 29 also reduces the impact of the
moulding die upon the substrate 4. When the moulding die 6
strikes the substrate 4, its gimbal mount and the effect of the
spring allow it to adapt exactly to any slight inclination in
the position of the substrate 4, and the bearing edge 66 _
tightly closes the moulding cavity 61. This overtravel can also
overcome certain tolerances in the vertical position of the
substrate 4 and the finished height of the moulding die 6.

At the latest when the moulding die 6 lands on the substrate; a
start signal 35 (nominal feed length) triggers the forward
motion of the solid solder 1, and this causes a_corresponding,
measured portion of liquid solder to be ejected through the
outlet 22 into the moulding cavity 61; any air present escapes
through the vent holes 63. Figure 8 shows that the liquid
solder will also rise in the vent holes 63 when the cavity 61
is full. |



wire, but in practice there are also limts to this, be

supplied on spools. As figure 9 shows, it is however po SHEPEACBWEN SH
necessary, to increase the avail able volune of nolten sql considerg

if the bore 21 in the | ower section of tge heat ed zone i|s 1gn§g
at 2la infigure 9. This does not increaSe the netall osfatfi c Buil

t he outlEﬁrﬁBFFOadwadmege@haf%e@b?§gn@8fd@ieﬁﬁdﬁﬁbdﬂdﬂ
sol der | typi odi t. _shon ur
i nst ead nggﬁ Pakgﬁydzgf%% b%ﬁbtﬁpg %He it a
cl osely ugahnthet h@bsiﬁmfceeﬁd af. et. hafgdl:il'J@estttallm: md;rtaﬁe Iphegicw aurface62
of the c he f d:ho t] et
EE ﬁégfer gﬂ‘i% a?cteg i @%ts@gb‘i (ﬁ%re d Viecl:ﬂié

through sol I's €]
prefer abi:émfeor b?ﬁéu§§r §|’n@ﬁ§ é\s tsﬁ'élerréitlﬁ‘@d OG'@gfd-raleédl dwpécmq vuhe:rtqqi

moul di ngaﬁdeebécﬁiﬁé theeso‘llﬂéfre ﬂ.FtOE%eOfsaﬁ@ ‘i‘i&near Q@ fHRCTL QP Igx @
substrate t.he sol Is ejected as th eagﬁ par at_.us nnves | ateral ly.

As this FPSF}?E %ﬁoﬁée<=§&éh &tbGW f&ars ke grreashdnacdy sidate s RyYes nd
of syste& asnaidewnhbilegpdre afdthe thugeds seaFiace iamiderehargealee . sub-

strate before the moulding die touches it, unimpeded by the
usually very slight height of the moulding cavity 61 (the depth
of the recess 61 in the body 60 usually is much less than shown
for greater clarity in figures 1, 6, and 8). The lateral spread
of the liquid solder continues as the moulding die lands fully
on the substrate.

One effect of the risers or vent holes 63, namely of ensuring
that the mould fills completely, has already been referred to.
It is of advantage to make use of the storage volume provided
by the vent holes 63 (quite considerable as compared with the
volume of the moulding cavity 61), by making the moulding
cévity 61 slightly shallower than would be necessary to obtain -
the specified finished thickness of the solder layer below the
bonded chip. As figure 8 shows, when the moulding die sits
firmly on the substrate, a considerable part of the required
amount of solder is forced up the risers or vent holes 63,
whereby the whole of the mould’s surface is wetted tight out to
its corners and edges, even when there is some variation in the
amount of solder ejected. As the moulding die 6 is raised, the
solder in the vent holes 63 immediately flows back and spreads
across the wetted surface. The vent holes 63 also make it
possible to vary by their own volume the amount of solid solder
fed in and thus the volume of solder dispensed; this makes it
possible to use the same moulding die 6 for making soldered '
joints of various finished thicknesses. '

As soon as a cycle of advancing the solid solder and ejecting
the required amount of liquid-solder is cdmpleted, the
apparatus 5 is raised from the substrate.,ThiS causes the
molten solder to adhere to the substrate and to break off in-
the narrowed canal 62_below the outlet 22, As aforesaid, the
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on the shifted, still liquid solder portion 1“ just applied.

The next work cycle can thus begin.

It is also possible in a single cycle to dispense two or more
separate portions of solder next to one another on the same
surface of substrate, each portion having a predefined extent
and precise position. For this purpose, a particular moulding
die (not shown) is used with distinct moulding cavities for
each reQuired portion of solder. Each of these moulding
cavities is supplied from the outlet 22 by a sprue of its own.
It is possible to break down the total portion of solder
ejected in a single cyle into separate portions to suit diffe-
rent volumes of separate moulding cavities by adapting the flow
resistance of these sprues, e.g. their diameter and length.

Finally, it is also possible to use the method according to the
invention - however with an embodiment of apparatus different
from that shown and described above - to apply measured
portions of solder to a substrate without the use of a moulding
die. In a first version of this, a drop of liquid solder is
formed at the outlet when the solid rod of solder is advanced
by a given amount, then the outlet and the substrate are
approached to each other until the drop touches the substrate
and adheres thereto. Though this method does not produce a
given surface pattern defined by a moulding cavity, it allows
precisely positioned and exéctly measured portions of solder to .
be dispensed in rapid sequence. '

In a further version of using the method without'a moulding
die, the solid solder is advanced toward the narrowed outlet in
rapidly pulsed motions to eject measured portions of liquid
solder in jets upon the substrate. Under certain conditions of
ejection — short pulses and a sufficient gap between the outlet
and the substrate — this forms the portion of solder into a
free drop or sphere once it leaves the outlet. In a special
application or further variation of this version of the method,
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ejections of the solder may be synchronized withja lateral
movement of the outlet at a given height above|the substrate.
This makes it possible to describe a pattern of solder on the
substrate that corresponds to the movement of the outlet. Both
these versions retain the advantages of dispensing exactly
measured amounts of solder and exact positioning of the solder

on the substrate.

The embodiment of the apparatus shown in figure 9 is generally
similar in design to that of figure 1, hence its main compo-
nents.have the same reference numbers as there. The method
already described in connection therewith also generally
applies to this, but there are certain useful modifications, as
described below: '

Firstly, figure 9 provides for a forced and controlled flow of
protective or forming gas across the spaée 15’ through which
the solid solder 1 passes. For this purpose there is an
additional tube 70 inside the tubé 15 of the guidance system,
at a distance from the inner surface of tube 15. The forming or
protective gas is supplied through a hole 71 in the connecting
piece 14 into the annular canal between tubes 70 and 15, and
thence to the annular space 15’. From there the gas flows up
along the solder wire 1 in the guide bore of tube 70 and is
drawn off by suction through hole 72. The partial vacuum thus

_ produced in the annular space 15’ keeps any unwanted gas,
notably oxygen, clear of the molten solder and of the solder
wire as it is guided to the heated zone; it thus continually
forces out any unwanted gas thét might seep in through the

" entrance of the wire 1 or which is present in the siiding gap
between the guide tube 20 and the lower section of tube 15. If
is important that no excessive gas pressure is produced in the
space 15’ that could act along the wire 1 ﬁpon the molten |
solder 1’ and interfere with the holding ahd ejection processes
of the molten material. :

In the apparatus shown in figure 1 and described in connection h
therewith, the volume of liquid solder 1/ made available in the
tube 20 is given by the_controlled vertical distance of the
temperature transition between the solid and liquid solder
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the wire is supplied on spools. As figure 9 shows, it is
however possible, if necessary, to increase the available
volume of molten solder considerably if the bore 21 in the
lower section of the heated zone is widened as shown at 2l1a in
. figure 9. This does not increase the metallostatic pressure on
the outlet 62 nor reduce the sealing effect by the piston
formed of solid solder.

Finally, the typical embodiment shown in figure 9 has a body 6a
instead of a moulding die 6, but this is still interchangeable
and fits closely against the lower end of the guide tube and
the spherical surface of the crucible 26. The perforated body
6a again forms a narrowed outlet 62 through which the iiquid
solder is ejected. Such an embodiment is preferable for the
versions of the method described above in which no moulding die
is used, i.e. where drops of solder are ejected on to a
substrate or where the solder is ejected as the apparatus moves
laterally. As this figure shows, such a body 6a is held in
position by the same kind of system as a moulding die and is
thus as easily interchangeable.

As said above in connection with the first embodiment, each
portion of solder breaks off inside the hole 62. Since the
point of rupture in the length of the hole is indeterminate,
this results in a certain variation in the volume of successive
portions of solder. To obtain more accurately measured amounts
of solder, it is proposed to redﬁce the length of the hole 62,
as particularly figure 10 shows, by widening the uppér part of.
the hole 62a. This ensures that the molten solder can break off
only in the short part of the hole 62. The means shown in
figure 10 and described in connection therewith is of course
equally suitable for a body 6a in accordance with figure 9 as
for a moulding die 6.



3. A nethod in accordance with claim1l1 or 2, wherein an atnosphere of
protective gas or formng gas is maintained in the bore (21) of the tube
above the nolten solder (1').

4. A nethod in accordance with cIaimBl erein a flowo
or formng gas is forced across an annular space (15') co
the bore (21) of the guidance system through which the sollic soI d%‘gmome .
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Patent Clains

1. A method of dispensing liquid solder in separate portions,
in which solid solder in wire or rod form is fed step by step
within a guidance system through a longitudinal bore, then

melted, and ejected in molten form through a narrowed outlet,

wherein

a forward zone (x) including the end of a continuous, at least
approximately vertical guide tube (20) is heated and an
adjacent rear zone (y) of the tube is cooled, thereby
maintaining along said tube a positionally stable temperature
transition from below the solidus temperature of the solder
material to a temperature at which the solder material is at

- least partially molten and liquid, so as to control within the
bore (21) of said guide tube (20) the level of molten material
and thereby the mass of molten material available for ejection
in accordance with the vertical distance of said temperature
transition from said narrowed:oﬁtlet.

2. A method in accordance with claim 1, wherein, at constant
cooling power, the temperature to whlch the guide tube (20) is
heated is controlled in accordance w1th the solder materlal’

melting temperature.

3. A method in accordance w1th clalm 1 or 2, whereln an
atmosphere of protectlve gas or formlng gas is malntalned in
the bore (21) of the tube above the’ molten solder (1')
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ej ection o e portions o ) “sone of the solder rises up the
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sol der when A hfefRYHdiAJa8b8rdince with claim 1 for applying portions
of solder to a substrate, wherein a moulding die (6) adjacent
to the tube (20), having a moulding cavity (61) communicating
with the outlet (22) and open towards the substrate (4), is
placed upon the substrate (4), the portion of solder (1”) is
ejected, .and the moulding die (6) is then raised again from the
substrate (4).

6. A method in accordance with claim 5, wherein ejection of
the portion of solder (1”) begins before the moulding die (6)
" comes to rest on the substrate (4).

7. A method in accordance with claim S5 or 6, wherein a
moulding die (6) with vent holes (63) rising from its moulding
cavity (61) is used, and wherein the volumes of the portions of
solder (1”), of the moulding cavity in the moulding die (61),
and of the vent holes (63) are so matched with one another that
upon ejection of the portions of solder (1”) some of the solder
rises up the vent holes (63), in order Eo'flow_back upon the
area of substrate wetted by solder when the moulding die is
raised. ' '

8. A method in accordance with one of the claims 5 to 7, for
the bonding of semiconductor chips (8) on a strip of metal
substrate (4), wherein the moulding die (6) is cyclically set
upon the heated strip of substrate (4), the portion of solder
(1) is ejected, the mouldlng die (6) is, ralsed from the strlp
of substrate and from the portion of solder, the strlp of
substrate together with the portlon of solder is moved forward
lengthwise (c), and a semlconductor Chlp (8) 1s then placed on
the portlon of solder (17). ' :
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of SOlderpﬁiltatlon of portions of solder to a substrat%? wherein
drop of liquid solder is formed at the outlet (22) and the
outlet is brought close to the substrate until the drop touches

the substrate and adheres thereto.

10. A method in accordance with one of claims 1 to 4, for the
application of portions of solder to a substrate, wherein the
solid solder (1) is advanced in a pulselike manner, in order to
eject the portions of liquid solder towards the substrate in
jets.

11. An apparatus for carrying out the method of one of claims 1
to 10,

having a guidance system for guiding solid solder (1) in the
 form of wire or rod, said guidance system comprising a heated,

at least approximately vertical gulde tube (20) and a narrowed
outlet (62) for liquid solder (17),

and having a drive mechanism (3) acting upon the solid solder
(1) for advances it step by step towards said outlet,

wherein

heater means (25, 26) fb; melting the solder material are
arranged for heat supply to a zone (x) of the guide tube (20)
including said outlet (22),

and cooling means (51, 52, 53) for the guide tube (20) are
provided to cool a zone (y) of the. guide'tube (20) adjacent to
said zone (x) to a temperature below the solidus temperature of .
the solder materlal.

12. An apparatus in accordance with claim 11, wherein a heated,
drilled-through component (6, 6a) is interchangeably held in
contact with the end (22) of the gulde tube (20), the hole of
said body forming said narrowed outlet (62)

13. An apparatus in accordance-with'claim 12, for the _
application of portions of solder (1”) upon a substrate (4),
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communicating with said ole {(21) of the gulde tube (20), and
wherein said guide tube (20) and moulding die (6) can be raised

and lowered together relative to the substrate (4).

14. An apparatus in accordance with claim 12 or 13, wherein
said drilled-through, interchangeable component or said
moulding die (6, 6a) respectively is in contact with the end
(22) of said tube (20) along a spherical surface (24) and is
suspended on a gimbal mount in relation thereto.

15. An apparatus in accordance with claim 13, wherein the
moulding die (6) has vertical vent holes (63) for receiving
molten solder (17), rising from the moulding die’s cavity (61)
preferably in its corners or along the edges thereof.

16. An apparatus in accordance with claim 11, whefein said zone
(y) of the guide tube (20) to be cooled is surrounded by an
annular space (52) through which a cooling gas circulates.

17. An apparatus in accordance with one of claims 11 to 16,
wherein the bore (21) of the guide tube (20) has a widened part
(21a) - in the lower portion of the heated zone (x) for taking up
liquid solder (17).

18. A moulding die for use with an apparatus in accordance with
claim 13, having a moulding cavity (61) open belpw and
connected to a gate or sprue (52), and being made of a material
that is not wetted by liquid solder (17).

19. A moulding die in accordénce with claim 18, having the
additional features of claim 14.

20. A moulding die in accordance with claim 18. having the -
additional features of claim 15.
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outlet (62) for liquid solder (1'), and having a drive nechanism (3)

acting upon the solid solder (1) for advances it step by step towards said
outlet, wherein heater neans (25, 26) for nelting the solder material are
arranged for heat supply to a zone (Xx) %B t he guide tube (20) including

said outlet (22), and cooling neans (5%°752, 53) for th '
are provided to cool a zone (y) of the guide tube (20) a jgquﬁzEpgﬁgégaéﬁT;_

zone (x) to a tenperature below the solidus tenperature ¢f.f the sol der
materi al . 12. An apparatus in accordance with claim11] J\hdriei AR 88t d,
drilled-through conmponent (6, 6a) is interchangeably hel ¢ ila.contact with.

the end (22) of the guide tube (20), the hole of said bogly formng said
narrowed outlet (62). : :

METHOD AND APPARATUS FOR DISPENSING LIQUID SOLDER

Abstract

In order to produce separate measured portions (1”) of liquid
solder, solid solder (1) in the form of wire or rod is guided
through the longitudinal bore of a guide tube (20). A zone
including the end (22) of the tube (20) is heated above the
solder’s melting temperature, in order to liquefy the solder.
By contrast, an adjacent zone of the guide tube is cooled,
whereby a positionally stable temperature transition is
maintained in the tube (20). Thereby the amount of molten
solder available above a narrowed outlet (62) is controlled. A
drive mechanism (3) advances the solder (1) step by step so
that the solid solder acts as a piston to eject portions of
liquid solder through the aforesaid outlet (62). A suitable
apparatus (5) for applying portions of solder to a substrate
(4) can be raised and lowered (a). At its base it has a
moulding die (6) connected to the outlet (62) that can be set
down upon the substrate and has a moulding cavity open on its
underside. This determines and restricts the surface wetted by
the liquid solder (1’) on the substrate (4). The main
application is .the bonding of'semiconqgctoi chips (8) by soft-.
soldering. | | | ':.QTJ. o R

" (Figure 1)




13. An apparatus in accordance with claim 12,

portions of solder (1") upon a substrate (4),

-19- wherein said drilled-through, |nterchangeable conponent—i-s—er uuu#ﬁ

for the application of

die (6) made of a material non-wettable by nolten sol der (REBLNmﬂm

nmoul ding cavity (61) open towards the-EEbstrate (4),
said hole (21) of} the

of said noul ding die communicating wt

(20), and wherein said guide tube (20) and noul ding die (6)
and | owered together relative to the substrate (4).
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14. An apparatus in accordance with claim12 or 13,. wherein said

drilled-through, interchangeabl e conponent or said nnuld&ng—dic {G; °§ﬁEET.'

respectively is in contact with the end (22) of said tubé RERDACK

spherical surface (24) and is suspended on a ginbal nounf igrretatTon

t her et o. 15. An apparatus in accordagce with claim 13, mke;génM%Qeﬁmy
nmoul ding die (6) has vertical vent holes (63) for receivijnd I'ten sol de
(1), rising fromthe nmoulding die's cavity (61) preferak T TTS Ccor ners

or along the edges thereof. 16. An apparatus in accordgnce with claim111l
wherein said zone (y) of the guide tube (20) to be cool edT5 3surrounded by
an annul ar space (52) through which a cooling gas circul ates. 17. An

apparatus in accordance with one of clains 11 to 16,
Fig.8 Fig.4
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wherein the bore (21) of the guide tube (20) has a wi dened part (21a) in

the I ower portion of the heated zone (x) for taking up liquid solder (1').

18. A noulding die for use with an apparatus for dispensing sol der,

conprising a noulding cavity(61) open bel ow and connected to a sprue (62)

wherein the upper part (62a) of the sprue is wider than the BEFgA ‘.its\ T SHEE‘\
|

sprue(62) adjacing the noulding cavityé6l). 19. A noul di ng
wi th an apparatus for dispensing solder, conprising a noul din avi ty%61)
open bel ow and connected to a sprue(62), wherein the noul di ngjdfe4Had mé%ri%g

hol es(63) connected with the noul di ng cavity(61) and wherein {h¢ storage

vol unme of the vent holes(63) allows the storage of a considerabl'e anount of

sol der conpared to the anmount of solder in the noulding cavity. 20, —

Moul di ng di ?&g9d| ng to claim18 or 19, characteri zed b};.?v?al di stinct
: 4.

noul di ng ca
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wherein said drilled-through, interchangeable co
moulding die (6) made of a material non-wettable by molte
solder (1’) and having a moulding cavity (6l1) open towards the
substrate (4), the gate or sprue (62) of said moulding die
communicating with said hole_(zi) of the guide tube (20), and
wherein said guide tube (20) and moulding die (6) can be raised
and lowered together relative to the substrate (4).

14. An apparatus in accordance with claim 12 or 13, wherein
said drilled-through, interchangeable component or said
moulding die (6, 6a) respectively is in contact with the end
(22) of said tube (20) along a spherical surface (24) and is
suspended on a'gimbal mount in relation thereto.

15. An apparatus in'accordance with claim 13, wherein the

- moulding die' (6) has vertical vent holes (63) for receiving

molten solder (1’), rising from the moulding die’s cavity (61)
preferably in its corners or along the edges thereof. '

16. An apparatus in accordance with claim 11, whereln ‘'said zone:
(y) of the quide tube (20) to be cooled is surrounded by an A
annular space (52) through which a coollng gas circulates.

_i?. An apparatus in accordance with one of claims 11 to 16,

wherein the bore (21) of the guide tube (20) has a widened part
(21a) - in the lower portion of the heated.zone'(x) for taking up -
liquid solder (1’). -

Ead

18. A moulding die for use with an apparatus for dispensing
solder, comprising a moulding cavity(61) open below and connected
to a sprue(62), wherein the upper part(62a) of the sprue is wider
than the part of the sprue(62) adjacing the moulding cavity(61).

19. A mouldlng die for use with an apparatus for dlspens1ng
solder, comprising a moulding cavity(61) open below and connected
to a sprue(62), wherein the moulding die has vent holes(63)
connected with the moulding cavity(61) and wherein the storage
volume of the vent holes(63) allows the storage of a considerable
amount of solder compared to the amount of solder in the moulding

cavity,

20. Moulding die according to claim 18 or 19, characterized by
gseveral distinct moulding cavities.




