1 Method and apparatus for dispensing flux-free solder on a substrate FIELD
OF THE | NVENTI ON 100011 The invention relates to a nethod and apparatus for
di spensing flux-free solder on a substrate. BACKGROUND OF THE | NVENTI ON
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[0005] These known methods come with a number of disadvantages. The shape of the deposited solder
is either round or a specific punching die needs to be produced for every rectangular shape. Such a
punching die comprises side walls which cover a part of the substrate. The solder can therefore not be
applied up to the edge of the chip island which accommodates the semiconductor chip. Moreover, the
substrate needs to be heated up over the melting temperature of the solder and the deposited solder needs
to be kept in liquid form from the application until the placement of the semiconductor chip. It is also

disadvantageous that the parts that come into contact with the liquid solder need to be cleaned regularly,



100071 From US 2009- 145950 a net hod and apparatus are known in which a
solder wire is guided through the witing head of a solder dispenser, with
the wire being brought into contact with the heated substrate when appl yi ng
the solder, so that the solder will nelt at the end of the wire, and with
the witing head being noved along a predetermned path parallel to the
surface of the substrate. The sol der di spenser wites a solder track in
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substrate can only be wetted insufficiently w thout preceding cleaning.
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[0008] The invention is based on the object of developing a method and apparatus for the application of

flux-free solder to a substrate which no longer shows the mentioned disadvantages.

[0009] The method according to the invention for dispensing flux-free solder onto substrate places of a
substrate uses a dispensing apparatus comprising a dispenser head which comprises a stamp, an
ultrasonic head configured to apply ultrasound to the stamp and a wire feed. The stamp has a working
surface which has a recess open to a lateral surface of the stamp. The wire feed feeds the solder wire
under an angle diagonally to the surface of the substrate. The method comprises the following steps:
A) moving the dispenser head to a predetermined position above the next substrate place onto which
solder is to be dispensed,
B) lowering the stamp until
B1) the working surface of the stamp touches the substrate place, or
B2) the working surface of the stamp is located at a predetermined height above the substrate place,
or
B3) the working surface of the stamp touches the substrate place, and raising the stamp to a
predetermined height above the substrate place,
wherein the height mentioned in B2 and B3 is set in such a manner that the working surface of the
stamp is wetted with solder in the later following step D,
C) dispensing flux-free solder to the substrate place by:
Cl1) advancing the solder wire until the solder wire touches the substrate place, in such a manner

that the tip of the solder wire touches the substrate place within the recess of the stamp,



3 C2) further advancing of solder wire, in order to nelt a predeterm ned
quantity of solder, and C3) retracting the solder wire, D) noving the

di spenser head along a predetermned path in order to distribute the sol der
on the substrate place, and sinmultaneously applying ultrasound to the
stanp, and E) raising the stanp, whereimstep Dis carried out either after
step C3 or already begins during step C2. [0010] The nethod preferably
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[0011] According to the invention, an apparatus for dispensing flux-free solder onto substrate places of a
substrate comprises

a dispenser head, which is movable in two horizontal directions, and, optionally, in the vertical
direction, comprising

an ultrasonic head,

a stamp having a working surface, which has a recess open toward a lateral surface of the stamp,
wherein the stamp is fastenable on the ultrasonic head,

a wire feed having a nozzle having a longitudinal borehole, through which the solder wire can be
guided, wherein a longitudinal axis of the wire feed, which extends through the longitudinal borehole of
the nozzle, enters at the lateral surface of the stamp into the recess and is incident on the substrate within
a part of the working surface bounded by the recess, and

a cooling device, which is configured to keep the working temperature of the stamp at a

predetermined temperature.

[0012] The apparatus preferably further comprises a further cooling device for cooling the nozzle of the

wire feed.

[0013] The apparatus preferably further comprises a drive fastened on the dispenser head, which is

configured to move the ultrasonic head with the stamp up and down in the vertical direction.
[0014] Preferably, the recess of the stamp is coated with a material which poorly wets flux-free solder.
BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0015] The accompanying drawings, which are incorporated into and constitute a part of this
specification, illustrate one or more embodiments of the present invention and, together with the detailed
description, serve to explain the principles and implementations of the invention. The figures are not to

scale. In the drawings:

Figure 1 schematically shows a side view of a dispenser head of a dispensing station of a



a cooling device, which is configured to keep the working tenperature of
the stanp at a predeterm ned tenperature. [0012] The apparatus preferably
further conprises a further cooling device for cooling the nozzle of the
wire feed. [0013] The apparatus preferably further conprises a drive
fastened on the di spenser head, which is4configured to nove the ultrasonic
head with the stanp up and down in the vertical direction. [00141
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dispensing station comprises an apparatus for applying flux-free solder onto the individual substrate
places of a substrate 1. The substrate 1 rests on a heatable support 3. The apparatus comprises a dispenser
head 2, which is movable in two horizontal directions, designated with x and y, and, optionally, can be
raised and lowered in the vertical direction, designated with z. The dispenser head 2 comprises an
ultrasonic head 4, on which a stamp 5 is removably fastened, and a wire feed 6. The ultrasonic head 4 is
configured to apply ultrasound to the stamp 5, preferably longitudinal ultrasonic waves, which run in the
z direction, i.e. their oscillation direction is directed perpendicularly to the support 3. The frequency of
the ultrasonic waves is preferably in the range from 40 kHz to 200 kHz, typically at approximately 60
kHz. The processing of the substrate 1 with ultrasound improves the wetting ability locally on the surface

on which the solder is desired, and thus reduces the undesired running over of the solder, which is known

in technical jargon as "solder bleed out".

[0017] The wire feed 6 comprises a nozzle 7, e.g., a capillary made of ceramic, having a longitudinal
borehole, through which the solder wire 8 is guided, and drive means, in order to advance and retract the
solder wire 8. The drive means comprise, for example, a drive roller 9 driven by a motor and a counter
pressure roller 10, between which the solder wire 8 is guided through. The solder wire 8 is typically
wound onto a roll, which is either arranged in a stationary manner on the dispensing station or is

arranged on the dispenser head 2.

[0018] The stamp 5 has a working surface 11 facing toward the substrate 1, which is used to distribute
the solder. The stamp 5 is implemented with a recess 12, which leads from a lateral surface 13 of the
stamp 5 facing toward the wire feed 6 to the working surface 11 and therefore opens into the working
surface 11. The nozzle 7 is aligned diagonally to the vertical at a predetermined angle o and is arranged
in such a manner that a longitudinal axis 14 of the wire feed 6, which extends through the longitudinal
borehole of the nozzle 7, enters at the lateral surface 13 of the stamp 5 into the recess 12 and is incident

on the substrate 1 within the part of the working surface 11 bounded by the recess 12.

[0019] Figure 2 shows the stamp 5 placed on a substrate 1 in a perspective view. It can be seen clearly
therein that the solder wire 8 is incident on the substrate 1 within the recess 12 of the stamp 5, and since
the temperature of the substrate 1 is higher than the melting temperature of the solder, the end of the

solder wire 8 melts. As a result of the formation of the stamp 5 of the dispenser head 2 with the recess 12



[0016] Figure 1 schematically shows a side view of those parts of a
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substrate which are required for understanding the invention. The
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solder is to be dispensed,
B) lowering the stamp 5 until
B1) the working surface 11 of the stamp 5 touches the substrate place, or
B2) the working surface 11 of the stamp 5 is located at a predetermined height above the substrate
place, or
B3) the working surface 11 of the stamp 5 touches the substrate place, and raising the stamp 5 to a
predetermined height above the substrate place,
wherein the height mentioned in B2 and B3 is set in such a manner that the working surface 11 of
the stamp 5 is wetted with solder in the later following step D,
C) dispensing flux-free solder to the substrate place by:
C1) advancing the solder wire 8 until the solder wire 8 touches the substrate place, in such a manner
that the tip of the solder wire 8 touches the substrate place within the recess 12 of the stamp 5,
C2) further advancing of solder wire 8, in order to melt a predetermined quantity of solder, and
C3) retracting the solder wire 8,
D) moving the dispenser head 2 along a predetermined path in order to distribute the solder on the
substrate place, and simultaneously applying ultrasound to the stamp 5, and
E) raising the stamp 5, wherein

step D is carried out either after step C3 or already begins during step C2.

[0028] If steps C2 and D are carried out simultaneously, this means that the drive means continuously

advance the solder wire 8 and solder is continuously melted off from its end. The predetermined path can



C2) further advancing of solder wire 8 in order to nelt a predeterm ned
quantity of solder, and C3) retracting the solder wire 8, D) noving the
di spenser head 2 along a predeterm ned path in order to distribute the
sol der on the substrate place, and sinultaneously applying ultrasound to
the stanp 5, and E) raising the stanp 5,7wherein step Dis carried out
either after step C3 or already begins during step C2. 7 be designed in
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12. As a resu t of the capillary e ten sol I'S nonet ess
di st ri bavagirom ghe substrate place 18. The path 19 is only shown as an example here, it can also be composed

of other path sections. In this example, the outline of the working surface 11 of the stamp 5 is square,
however, it can also be rectangular or round or have any arbitrary other shape. It is advantageous in the
case of certain applications to move the stamp 5 at the starting point of the path 19 in the direction which
is opposite to the lateral surface 13 having the recess 12. As a result of the capillary effect, the molten

solder is nonetheless distributed.



[ 00321 Wil e enbodi ments and applications of this invention have been shown
and described, it would be apparent to those skilled in the art having the
benefit of this disclosure that many nore nodifications than nentioned
above are possible without departing fromthe inventive concepts herein.

The invention, therefore, is not to be r&stricted except in the spirit of

t he appended clains and their equivalents. 9 CLAIMS 1. Method for
dispensiH@3ﬂlN%ﬁkﬁ@bmﬁmhdemmepm&m&mbsﬁhameemkame&ﬂﬁ%namaubﬁd&ﬁhﬂmﬁlbw@yd
means of [ tu S ense head
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a workin a reces n. | at er.al surface
(13) of Egh%%g{ AGkt ‘%g%)resm Cf% mcepts n Ztahe m? fs‘[ éxgo 5) elél)msfag 1rF%Lgvaée(51? Sder wire
(8) under an angle diagonally to the surface of the substrate (1), the

nmet hod conprising the follow ng steps: A) noving the dispenser head (2) to
a predeterm ned position above the next substrate place onto which sol der
is to be dispensed, B) lowering the stanp (5) until Bl) the working surface
(11) of the stanmp (5) touches the substrate place, or B2) the working
surface (11) of the stanp (5) is located at a predeterm ned hei ght above
the substrate place, or 83) the working surface (11) of the stanp (5)
touches the substrate place, and raising the stanp (5) to a predeterm ned
hei ght above the substrate place, wherein the height nentioned in B2 and 83
is set in such a manner that the working surface (11) of the stanp (5) is
wetted with solder in the later following step D, C) dispensing flux-free
sol der to the substrate place by:



Cl) advancing the solder wire (8) until the solder wire (8) touches the
substrate place, in such a manner that the tip of the solder wire (8)
touches the substrate place within the recess (12) of the stanp (5), C2)
further advancing of solder wire (8), in order to melt a predeterm ned
quantity of solder, and C3) retracting the solder wire (8), D) noving the
di spenser head (2) along a predeterm ned path in order to distribute the
sol der oRLAWESsubstrate place, and sinultaneously applying ultrasound to
the stamp (5), and E) raising the stanp (5), wherein step Dis carried out

either afjter st ﬁ@th@fo@ﬁls@nglggﬂ&f %opd%r ?nhesu%gfa?f: TR V\ﬁ;czfea stlés)tra{vﬁ )q)a élheaa'cc rding

to claim1, further conpri SO 8zzl e
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t he subsvPking splﬁa&eéllﬂ whtchéascmmdéz) op4n toMdbthbsusfeed(t 3iofi hetstmarty), afd vdie&tnms 1
to 3, WhgkeiR th %)rf%ggﬁl? sc(l&e%)m tljﬂger B%@ﬁ (kp%)nal A ugnatsur ac otfl1 8 ﬁ%qur%%te [1)

whi ch poorly wets ree so S FOr 2di%s
fl ux- fre@e%Ihééﬁormmsmgﬁwtfsﬂqvmgstwsaces of a substrate (1), conprl sing a
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solder is to be dispensed,
B) lowering the stamp (5) until
B1) the working surface (11) of the stamp (5) touches the substrate place, or
B2) the working surface (11) of the stamp (5) is located at a predetermined height above the
substrate place, or
B3) the working surface (11) of the stamp (5) touches the substrate place, and raising the stamp (5)
to a predetermined height above the substrate place,
wherein the height mentioned in B2 and B3 is set in such a manner that the working surface (11) of
the stamp (5) is wetted with solder in the later following step D,
C) dispensing flux-free solder to the substrate place by:
C1) advancing the solder wire (8) until the solder wire (8) touches the substrate place, in such a
manner that the tip of the solder wire (8) touches the substrate place within the recess (12) of
the stamp (5),
C2) further advancing of solder wire (8), in order to melt a predetermined quantity of solder, and
C3) retracting the solder wire (8),
D) moving the dispenser head (2) along a predetermined path in order to distribute the solder on the
substrate place, and simultaneously applying ultrasound to the stamp (5), and
E) raising the stamp (5), wherein
step D is carried out either after step C3 or already begins during step C2.

2. Method according to claim 1, further comprising feeding the solder wire (8) through a nozzle (7)

and actively cooling the nozzle (7).

3. Method according to claim 1 or 2, wherein a starting point of the path (19) is located close to the
center of the substrate place, and wherein the path (19) runs from the inside of the substrate place to the

outside.

4. Method according to any of claims 1 to 3, wherein the recess (12) of the stamp (5) is coated with a

material which poorly wets flux-free solder.



a stanp (5) having a working surface (11), which has a recess (12) open
toward a |lateral surface (13) of the stanp (5), wherein the stanp (5) is
fastenable on the ultrasonic head (4), a wre feed (6) having a nozzle
(7) having a | ongitudinal borehole, through which the solder wire can be
gui ded, wherein a |longitudinal axis (14)!10of the wire feed (6), which
extends through the |ongitudi nal borehole of the nozzle (7), enters at the
| at eral 8&ur Papaatd ) digfendimeflistarpoll&)oniosubstizle@lacecdasuistay (Bn@dmpssihgici dent

on the substr L{hin a part. of the.worki.ng.surface (11) .bqunded by
the recess %f%)e?m%r%adv&)’ WRICR BATSVRYe guvegrifop Yf‘” e H S"pf:‘é‘?‘f‘ilg"g‘ﬁ%@d’e‘%alkeep
t he wor kilinggtierenprerstngr e of the stanp (5) at a predetermined tenperature. 6.

Apparatus a i laim5, further conprising a further cooling device
(15) for cog‘f@ﬁgg"ﬁgggaﬁég’z| e (7) of the wire feed (6). 7. Apparatus

accordi ng t astehpishhéviaga Gorkingsirfeee (16 pryhidhsiangrecess (12) 6beh V@vafda Jatckasirewned on
the di spgRs&iy, (l%k;v'h whi.ch. is nf.i gured t ve the trasoni c head (4)
with t heﬁs}S anp ﬁ aﬁramélgev\sirt]ar?p néfﬁécas\% 8?’1’? ((’:naﬁ%e r?S@EfcihS?ﬁJ(h)’ 8. Appar at us
accor di ng t dwanyeedts) bhangwndzzit (7) havindieloagitudinhebot o staropdi2)vhioh theheldatvarep ( 5)
I's coat e(gane gﬁd«?d, %&I‘g&l Ia‘fil(l)ngyt\i{l‘] ir?ali] akis (1&98{ tLey Wi\%e ttegc? &5,%&% euerlilc)i(s_twoggl tﬁeo | der.

longitudinal borehole of the nozzle (7), enters at the lateral surface (13) of the stamp (5) into the recess

(12) and is incident on the substrate (1) within a part of the working surface (11) bounded by the recess

(12), and

a cooling device (16), which is configured to keep the working temperature of the stamp (5) at a

predetermined temperature.

6.  Apparatus according to claim 5, further comprising

a further cooling device (15) for cooling the nozzle (7) of the wire feed (6).

7. Apparatus according to claim 5 or 6, further comprising
a drive (17) fastened on the dispenser head (2), which is configured to move the ultrasonic head (4)

with the stamp (5) up and down in the vertical direction.

8. Apparatus according to any of claims 5 to 7, wherein the recess (12) of the stamp (5) is coated with

a material which is poorly wettable by flux-free solder.



