-1 - DI SPENSI NG SOLDER FOR MOUNTI NG SEM CONDUCTOR CHI PS Fi el d of the

I nvention 5 The present invention relates generally to the fabrication and
packagi ng of integrated circuit conponents, and in particular, to the
attachnment of sem conductor chips to substrates by the use of solders. 10
Background and Prior Art Sem conductor chips may be bonded onto netallic
substrates such as |lead franmes by sol-dering. Specifically, power

sem conductors are commonly fixed to |lead franes by using soft sol der. Power
devices are wdely used in the 15 autonotive industry due to their high
thermal and el ectrical performance, and soft solder is generally chosen as
the chip att Sed I . ered j oint
not only prow ?P@ﬁiﬁ : T % nsures that
heat which is produced in the sem conductor chip during operation is

di ssipated nore efficiently than a joint conprising a non-conductive 20
adhesi ve. Figldpfithe inMenliont he soft sol der provides a good el ectrical path for
t he sqpiconductor chips. In cases where there is an increase in power
density of the sem conductor chip, a soldered joint having a stipul ated
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In what is known a eeding. To achieve this, the stipul ated anount of
sol der shoul d be di spensed and accurately positioned onto the 30 substrate
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Semiconductor chips may be bonded onto metallic substrates such as lead
frames by soldering. Specifically, power semiconductors are commonly fixed to
lead frames by using soft solder. Power devices are widely used in the
15 automotive industry due to their high thermal and electrical performance, and soft
solder is generally chosen as the chip attach layer for such semiconductor
packages. The soldered joint not only provides mechanical fixation of the chip,
but it also ensures that heat which is produced in the semiconductor chip during
operation is dissipated more efficiently than a joint comprising a non-conductive
20 adhesive. Additionally, the soft solder provides a good electrical path for the

semiconductor chips.

In cases where there is an increase in power density of the semiconductor chip,

a soldered joint having a stipulated thickness is required. The layer of solder
25 should wet the entire area of the semiconductor chip evenly. Furthermore, it

should be completely free from air cavities and contamination by impurities. The

solder should not protrude from the edges nor spread beyond the surface area of

the bond pad, in what is known as bleeding. To achieve this, the stipulated

amount of solder should be dispensed and accurately positioned onto the
30 substrate before bonding the semiconductor chip.



- 2 - Typically, soft soldering of a sem conductor chip to a |lead frane
entails dispensing an anount of solder onto the |ead frane before
positioning the chip. This may involve touching one end of a solder wire at
the position of the |ead frame where the chip is to be |ocated. The | ead
frame is preheated to a 5 tenperature which is above the nelting point of
the solder so that the solder wire nelds upon contact with the lead franme. A
prescribed length of the wire is fed to the lead franme and it is
continuously or intermttently nelted onto the |lead frane. The solder wre
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carrying a solder droplet is transferred to a spanking zone where a spanker
in the fosolder on thedeahdiame. nihed splsler siceplet remmaies rmekiemydiear thepleadnoves
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devi at i onadditionahdacton thataffestsether beoper formation of an evenly-spread layer of
15  solder is the possible lateral deviation of the solder droplet when it is being
positioned on the lead frame. It is therefore essential to modify the shape of the
droplets of solder to achieve a thin and evenly spread-out layer before

positioning the chip.

20 A conventional method to modify the shape of a solder droplet utilizes spankers.
The substrate carrying a solder droplet is transferred to a spanking zone where a
spanker in the form of a rectangular mold is located. The rectangular mold
moves downwards to contact the solder droplet and to spread it inside the
spanker mold cavity to form a rectangular footprint. A spanker typically

25 comprises a shaft which can be lifted or lowered with respect to the substrate,
and a stamp or punch connected to it wherein the stamping or punching surface
faces the substrate. Deviations in thickness and position of the substrate as well
as possible slanting of the substrate may adversely affect the thickness and
lateral distribution of the solder. Even slight deviations in the angle between the

30  punch surface and the surface of the substrate may lead to considerable lateral
displacement of solder droplets. Additionally, flattening the solder droplets by



30 punch surface and the surface of the substrate may | ead to consi derable

| at eral displacenment of solder droplets. Additionally, flattening the sol der
droplets by - 3 - neans of the spanking stanp or punch results in sol der
spots which nay be nore or | ess rounded at their edges and which do not
conformexactly to the rectangul ar or square shape of the chips. 5 US Patent
Nunmber 6, 056, 184 entitled "Apparatus -for Shapi ng Liquid Portions of Sol der
in Soft Sol dering Sem conductor Chips" discloses a punch with a distance
keepi ng nmeans for shaping spherically doned liquid solder into flat sol der
appl i cat i means of dodispaskiag stempl 9r pdusceh rénuitsdnasmlderospals twhichdgay ibened | ayer
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Di spensi ng
punch and is adapted to touch down onto the substrate. The distance keeping

15 means has a rim which actively limits and centers the solder mass when it is
spread over the substrate. Therefore, lateral deviations in the position of the
applied solder-droplets will not affect formation of an even layer of solder under
the punch surface. Furthermore, this apparatus renders it unnecessary to
observe a predefined precise height or distance of the punch surface from the

20 substrate when lowering the shaft.

Unfortunately, an uneven layer of solder may form between the chip and the
substrate and in particular, the area around the edge of the chip may not be
wetted by the molten solder. Moreover, when an excessive amount of molten
25 solder is applied, solder splash may result when the mounting head presses on

the chip onto the molten footprint.

It is thus important to dispense the amount of solder accurately and precisely.
US Patent Number 5,878,939 entitied “Method and Apparatus for Dispensing
30 Liquid Solder” discloses a dispenser which controls the solder wire’s rate of feed

to accurately regulate the amount of solder dispensed. The apparatus comprises



30Li qui d Sol der" discl oses a dispenser which controls the solder wire's rate
of feed to accurately regul ate the anount of sol der di spensed. The apparat us
conprises - 4 - a guide tube through which solid solder is gradually fed.
The end of the tube is heated to liquefy the solder. At the sane tinme, an
adj acent zone of the guide tube is cooled to maintain a stable tenperature
transition in the tube. The anount ot gmwlten sol der avail abl e above an
outlet for the nolten solder is thus 5 controlled. This patent al so

di scl oses a spanker in the formof a nolding die with a nolding cavity on
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There are disadvantages in using the spanking method to achieve a thin and
even layer of molten solder. If insufficient solder is used, especially where a
20 large solder dot volume is required, the molten solder cannot fill up the moid
cavity to form an evenly distributed footprint. This affects the bonding strength
between the chip and the substrate. On the other hand, when too much solder is
applied, it will lead to solder splash. Whilst this problem may be overcome by the
invention under US Patent Number 5,878,939 as described above, there is an
25 additional need to control the quality of the spanker mold fabricated so as to
minimize wetting by the liquid solder which may form contaminants in the mold
cavity of the spanker. Contaminants reduce the volume of the molten solder,
creating voids and weakening chip adhesion and electricai conductivity. Tilted
spanker molds that may result from defective fabrication will also lead to
30 incomplete solder footprints that affect the quality of the final product. Moreover,
it is difficult to achieve complex solder footprints using spanker mold technology.



- 5- 1t is therefore desirable to devise alternative nmethods of obtaining
an evenly distributed | ayer of nolten solder for soldering a sem conductor
chip to a substrate to avoid the di sadvant ages associ ated with using
spankers. 5 Sunmary of the Invention It is thus an object of the invention
to seek to provide a soft solder dispenser for formng a | ayer of
evenly-distributed sol der for attachi-mg sem conductor chips to substrates
whi ch does not present the aforesaid shortcom ngs that are faced 10 when
usi ng spankers of the prior art. According to a first aspect of the
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di spensersudgtratictosaueid thatdisadvantagds dssgciiteel Wit dsing spnkerse to the substrate
with a wire feeder in a feeding direction; noving the sol der dispenser
relative to the substrate with a positioning device along at |east one of
two orgd h t e substantially perpendicular to the feeding

di rect5|t O%ﬂ_%g@ﬁiﬁﬁne ni with feeding solder wire to the surface of the
substrate in 20 order to dispense a |ine of nolten solder onto the

bstrate;.and th ft ti. th ' ; t hi to th | t
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sol der onto a substrate for nounti ngi a sem conductor chip,
substrates which does not present the aforesaid shortcomings that are faced

10  when using spankers of the prior art.

According to a first aspect of the invention, there is provided a method for
mounting a semiconductor chip onto a substrate, comprising the steps of:
positioning a solder dispenser over the substrate and passing a length of solder
15  wire through the solder dispenser to the substrate; controlling the feeding of wire
to the substrate with a wire feeder in a feeding direction; moving the solder
dispenser relative to the substrate with a positioning device along at least one of
two orthogonal axes that are substantially perpendicular to the feeding direction
contemporaneously with feeding solder wire to the surface of the substrate in
20 order to dispense a line of molten solder onto the substrate; and thereafter
mounting the semiconductor chip onto the molten solder that has been

dispensed onto the substrate.

According to a second aspect of the invention, there is provided an apparatus for
25 dispensing soider onto a substrate for mounting a semiconductor chip,
comprising: a solder dispenser positionable over the substrate and through which
a length of solder wire is passed for feeding the solder wire to the substrate; a
wire feeder to control feeding of the solder wire to the substrate in a feeding
direction; and a positioning device configured for moving the solder dispenser
30 relative to the substrate along at least one of two orthogonal axes that are

substantially perpendicular to the feeding direction; wherein the positioning



conprising: a solder dispenser positionable over the substrate and through
which a length of solder wire is passed for feeding the solder wire to the
substrate; a wire feeder to control feeding of the solder wire to the
substrate in a feeding direction; and a positioning device configured for
novi ng the sol der dispenser 30 relative to the substrate along at | east one
of two orthogonal axes that are substatially perpendicular to the feeding
direction; wherein the positioning - 6 - device is operative to nove the
sol der di spenser relative to the substrate along at |east one of the two
or t hogonalevinecis aperatiyepo maeveothel splddridispeinseniaelativededie shibstthtaglatigrat to t he
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detai | byfet@hgeirs €o the bhisstrrs,onnemlyng dispunsads lind e nisiten saltiér oty of t he
drawi ngs and the related description is not to be understood as superseding

t he genertpisubstéatet he broad identification of the invention as defined by
the cl@ains. 10 Brief Description of the Draw ngs The present invention
will be readily appreciated by reference to the detail ed description of a
pr ef err edt avilhddi ommtenigntttbehéreinafier aesoite the msietdior dnvgrehter hietdib by
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the broad identification of the invention as defined by the claims.
10
Brief Description of the Drawings

The present invention will be readily appreciated by reference to the detailed
description of a preferred embodiment of the invention when considered with the
15 accompanying drawings, in which:

FIG. 1 is an isometric view of a solder dispenser for dispensing soft solder onto a
lead frame according to the preferred embodiment of the invention;

20 FIG. 2 is a side view of the solder dispenser of FIG. 1,

FIGs. 3A and 3B illustrate different manners of solder writing utilizing the solder
dispenser of FIG. 1; and

25 FIGs. 4A to 4C illustrate exemplary solder footprints that are achievable from

solder writing utilizing the said solder dispenser.

Detailed Description of the Preferred Embodiment of the Invention

30 The preferred embodiment of the present invention will be described hereinafter

with reference to the accompanying drawings.



20 FIG 2 is a side view of the solder dispenser of FIG 1; FIGs. 3A and 3B
illustrate different manners of solder witing utilizing the sol der

di spenser of FIG 1; and 25FIGs. 4A to 4C illustrate exenplary sol der
footprints that are achievable fromsolder witing utilizing the said sol der
di spenser. Detailed Description of the Preferred Enbodi nent of the Invention
30 The preferred enbodi rent of the prgsent invention will be described

herei nafter with reference to the acconpanying drawings. - 7 - FIG 1 is an
i sometric view of a solder dispenser 10 for dispensing soft solder onto a
substrate such as a lead frame 12 for nounting a sem conductor chip
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the dispenser 10.

A positioning device, such as an X-Y table 17, is preferably coupled to the solder
15  dispenser 10 and configured for moving the solder dispenser 10 relative to the
lead frame 12 along at least one of two orthogonal axes that are substantially
perpendicular to the wire feeding direction. In the described embodiment, the
two orthogonal axes are the x and y axes. The solder dispenser 10 is drivable in
the x and y directions by the X-Y table 17, and is able to dispense solder in any
20 x-y direction, such as diagonally onto the lead frame 12, as it moves. The X-Y
table 17 may therefore move the solder dispenser 10 relative to the lead frame
12 along at least one of the x and/or y axes contemporaneously with the press
roliers 14 feeding wire to the lead frame 12 in the z axis, whereby to dispense
molten solder onto the lead frame 12.
25
The dispenser 10 further has a solder wire cooling tube 18 for dissipating heat
received from a heat tunnel on which the lead frame 12 is resting. The cooling
tube 18 is also connected to a cooling gas supply via a cooling gas inlet 20.
Cooling gas is injected into the cooling tube 18 through the cooling gas inlet 20
30 and leaves through a cooling gas outiet 22, carrying away the heat received from

the heat tunnel. This cooling process is important to maintain the dispenser 10 at



20 x-y direction, such as diagonally onto the lead franme 12, as it noves.
The X-Y table 17 nmay therefore nove the sol der dispenser 10 relative to the
| ead frame 12 along at |east one of the x and/or y axes contenporaneously
with the press rollers 14 feeding wire to the lead frane 12 in the z axis,
whereby to di spense nolten solder onto the lead frame 12. 25 The di spenser
10 further has a solder wire cooling-.tgube 18 for dissipating heat received
froma heat tunnel on which the lead frame 12 is resting. The cooling tube
18 is al so connected to a cooling gas supply via a cooling gas inlet 20.
Cool i ng gars ambiént] teaipecaturet and He ensule thgt thseoltier mireod4 Hemainscinosdlidg gas
inlet 20 30 angd.l gaves through a cooling gas outlet 22, carrying away the
heat receioggdv'&wbmet(ﬁ@p%ﬂ' tunnel. This cooling process is inportant to
mai ntain the dispenser 10 at - 8 - an anbient tenperature and to ensure
that the solder wire 24 remains in solid formwthin_the dispenser. FIG 2
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envi ronrrefr;;rhe 12. A slider cover 28 is attached to the dispenser 10 and is operative to

cover the opening 27 either substantially or completely. It further helps to contain

the heat beneath the heat tunnel cover 26 and at the same time helps to maintain

15 the inert gas environment.

During the process of soldering a semiconductor chip to the lead frame 12, a
predetermined length of solder wire 24 is controllably fed towards the lead frame
12 by the press guides 14. The solder wire 24 is fed onto chip bonding sites on
20 the lead frame 12 by way of holding onto one end of the solder wire 24 while the
other end of the wire 24 is melted onto the heated lead frame 12. A
predetermined quantity of solder is dispensed in a pattern that is suitable for
achieving a thin, evenly distributed layer of molten solder for bonding the
respective chip. The x and y axes motion of the dispenser 10 not only allows
25 formation of any design of solder pattern on the lead frame 12, but it also permits
affixing various sizes of chips onto the lead frame 12. For example, since a large
X to y ratio is possible, the dispenser 10 according to the preferred embodiment
of the invention can be applied to a chip with a large length to width ratio such as
200 x 50 mils. The parameters that control the flow of molten solder onto the
30 lead frame 12 are generally the melting speed of the solder wire 24 and the
speed of x-y motion of the dispenser 10. The melting speed of the solder wire



During the process of soldering a sem conductor chip to the lead frane 12, a
predeterm ned |l ength of solder wire 24 is controllably fed towards the | ead
frame 12 by the press guides 14. The solder wire 24 is fed onto chip bondi ng
sites on 20 the lead franme 12 by way of hol ding onto one end of the sol der
wire 24 while the other end of the wire 24 is nelted onto the heated | ead
frame 12. A predeterm ned quantity of-gsolder is dispensed in a pattern that
is suitable for achieving a thin, evenly distributed | ayer of nolten sol der
for bonding the respective chip. The x and y axes notion of the dispenser 10
not only 24 isoinstup® dependantam tife feedingerate of dihe soldge wirgaZ4 ento the tdad | ead

frame 12, _but .t also permts fixi varl ous, Si,ze fo.chi o the | ead
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a chipwth a large length to width ratio such as 200 x 50 mls. The

parameters that control the flow of nolten solder onto the 30 lead frane 12
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heated to about 360°C, the X-Y table 17 is operative to move the solder
dispenser 10 substantially at a speed of 160 mm/s and the melting or feeding
rate of the solder wire 24 to the lead frame 12 is substantially at about 5 mm/s.
The flow speed of molten solder determines the thickness of the moiten solder
10 for bonding. This may be regulated by controlling the two parameters as
described above to prevent bleeding out of solder when a chip is placed onto
solder that has been dispensed onto the lead frame 12. When the chip is
positioned and placed onto the lead frame 12, the written solder 30 flows
beneath the chip to form an even and continuous layer of solder between the
15 chip and the lead frame 12. The bonded chip on the lead frame 12 is then
cooled to form a reliable electrical and thermal joint between the chip and the
lead frame 12. The foregoing steps are repeated for a plurality of chips, which
allows precise positioning of the chips in close proximity to one other.

20 FIGs. 3A and 3B illustrate different manners of solder writing utilizing the solder
dispenser 10 of FIG. 1 whereas FIGs. 4A to 4C illustrate exemplary solder
patterns that are achievable from solder writing utilizing the said solder dispenser
10. In FIG. 3A, an area 33 of the lead frame 12 corresponding to a surface area
of a chip to be bonded is divided into first and second dispensing segments 32,

25 34, The first and second dispensing segments 32, 34 are preferably located on
the lead frame 12 such as to extend substantially diagonally across a surface

area of a square or rectangular semiconductor chip to be mounted.

In the first manner of solder writing, the dispenser 10 first dispenses the solder
30  wire 24 on the first and second dispensing segments 32, 34 along a first path 36.

Thereafter, a wire contact search is carried out to locate the commencing point



-9- 24 is in turn dependent on the feeding rate of the solder wire 24 onto
the lead frame 12. Lines of nolten solder can be witten onto the |lead frane
12 formng different types of solder patterns as appropriate for affixing a
sem conductor chip. 5In one particularly preferred enbodi nent of this
invention, the lead frane 12 is heated to about 360C, the X-Y table 17 is
operative to nove the sol der dispensenglO substantially at a speed of 160
nmms and the nelting or feeding rate of the solder wire 24 to the |ead franme
12 is substantially at about 5 nm's. The fl ow speed of nolten sol der

det er m neen theesetincksrgraentf 34 for inbibting seldetwriting ante theysecony sagmentray be

bl sedi ng 3t THP TesiMlank Shide! hekdhh BAREH SRS H e o Trédidcn
di spensedpgint 6f thbfirdtend decon® dikpendihgeghenth3d 3sapilastrateddn FEGMAI aced

onto the lead frame 12, the witten solder 30 f|lows beneath the chip to form
an even ahbisSoiarnadiesn wWill spregdl aud eyenlypetdssenchinavhen &g phinds Maged ead

f 2.~k | I ' f
orial o SURY CRRTther e RBatole, (G bERTTANe (il BIRE: BRRUFR AL LS T 2
12. The favaided withdhispoldareatiepeatedcé othisisgharatormmentled waysof sdiderh al | ows
' . tioning of the chi ' I i, m t t OFI Gs. 3A
Bna 35 1 | wilieg 38 @il LAY IR L ot ERERT I i itK o IS 1898 <ol der
di spenserfi@eofo FIG 1 whereas FIGs. 4A to 4Cillustrate exenplary sol der

patterns that are achievable fromsolder witing utilizing the said sol der
di spenser 10. In FIG 3A, an area 33 of the lead frame 12 corresponding to a
sur f ar.e hj ' | V] ' o d
ai spelisi i @ufarheliba Se MAHEFo! SoudéiliG, WK Gishhskr AASPERESC ¢ o2
34 are priteciviel 24l atomige therfirshelidpeadingr segméat I befioret mavitigend the
substantially di agonal |y across a syrface area of g‘ésqgare or rectangul ar

T

seni condu€?@MeRRINg pInhof tag, seeend (disnensing segmadt, PWEYEIdI® W€t i ng, the
di spenser i ' ; l; \ i ; second
penser odflaft dedfcifiop H?é;@ﬁzﬁtlgggmgﬂ Hé’@éntﬁﬂ:tﬁbgfg?é‘_srﬂﬂ& {a%fi%ufé bégng%ﬂ

di spensi ng segments 32, I rst pa ereafter, W re contact
sear ch i stheasaciond dinpensingl segment Sde Tdemesalt ioh gugoasolder wiiting pattetrhis second

SOy ShlPheh I8 AR, 36 Selacl doh o S Cp Shf RS URRE Hard o
of the fihgk rasltisErondolderRgasinagisseymnéticalabotd tRSmieklitg bomt 6fithen FI G
4A. This sol der pattern will spread out evenly under a chip when the chip is
pl aced first and second dispensing segments 32, 34, unlike the solder pattern of FIG. 4A.
As a result, when a chip is pressed onto the lead frame 12, an uneven layer of
solder may tend to form under the chip.
20
A third manner of solder writing is illustrated in FIG. 3B. No solder is dispensed
on the lead frame 12 along part of the dispensing path 37 of the dispenser 10.
An asymmetrical solder pattern forms as shown in FIG. 4C as in the case of the
pattern of FIG. 4B. An uneven layer of solder may be formed under the chip as a
25 result. By comparing the patterns created in all three manners of solder writing, it
can be seen that FIG. 4A illustrates the most desirable pattern to obtain an

evenly distributed solder layer for affixing a chip onto the lead frame 12.

It should be appreciated that the preferred embodiment of the solder dispenser
30 described above provides an effective method of solder writing to obtain an

evenly distributed solder for affixing a chip firmly onto a lead frame while



5 centrally onto the solder pattern. It has been found that sol der bl eeding
may be avoided with this solder pattern. Hence, this is the recomended way
of solder witing to achieve an even |layer of nolten solder to affix a chip
onto the lead frame 12. 10 In conparison, in a second manner of sol der
writing, the dispenser 10 dispenses the wire 24 along the first dispensing
segnent 32 before noving to the commefting point of the second dispensing
segnent 34. However, no wire contact search for the initiating point is
conducted before solder witing begins on the second di spensi ng segnent 34.
The r esulreduding dht prokdemd¥rsolderthilerdingt drefacti i§ has beenunstedithad whilsFaG.  4B.

The sol der._ does not cQr.n f cfr lting in a
sol der | ac)%g"q ﬂ@?upg(\gﬁ%@@?{e@% g@@ﬁgﬁlﬁah?%seB%%gmgn@r%té?rﬁ]\{&g?ﬁﬁﬁs;b kHrr st and
second di gm0 nfdgsE nbidg3shankédrs, uthe kamiehameahdef soldet evritteafinfhe&. 4A. As
a result, when a chip is pressed onto the lead franme 12, an uneven | ayer of
sol der mapanRgidassribed i theierefered embedipentof the ipventigRedoast NAHAYSE wri ti ng
is illaust LyiEl G 3B. No solder is dispensed on the |ead franme 12 al ong
part 05? t%oiaég:%sl%éehrﬁ ‘'ng path 37 of the dispenser 10. An asymmetrical sol der
pattern forns as shown in FIG 4C as in the case of the pattern of FIG 4B.

Al I f ] d f d th hj 2 lt. B
Compar i oM gt ¥r fesiondt Sactiansapf e, BPtassior § WRNES Mafides (hEng 11
can be segfyahitife bt SolddA patteHPlcbatrers WG sBHistkatdd abider pattkRT thdtosobt ai n an

evenly distributed solder |layer for affixing a chip onto the |ead frane 12.
|t shoul ddesiredpppessiblecdue mihe disegiosakfreedpra i saotiamel e dispenser aer

di sp er ri L des Cty 0, writing
o oot reolipatEa i, AfePtid BRPKb e RRray ity e e poIE B 1

| ead fr angispéridees of teusrionart isdo dpist ¢ sbldeowiter24blipeddogn alond thetz- it has
been noted that whilst a certajn anount of solder (eg. 2000 pn) causes

bl eedi ng #fis Whep sispensivascldss i dieR'el$i spensi ng net hod usi ng spankers, the sane
amount of solder witten in the manner described in the preferred enbodi nent
of the invention does not cause 5sol der bl eeding. The x and y directional

nmot i ons ofurtheemdirs e thiecaskOoff prior ladr dispensingemethodsdbiatutiliag epafkars) ther pattern
contr

Nt 4 SN BRL L RS 48 MR P abbfter BV vl sl € e 1
Different spanker moids have to be fabricated when a different solder pattern is
required or when different volumes of solder are to be dispensed due to different
chip sizes. Using the spanking method is therefore costly. In fact, the
elimination of the use of spankers altogether reduces the cost of the overall

20 system tremendously. Besides cutting down costs, elimination of spankers also
does away with the extra requirement of quality control during mold fabrication of
spankers. In the absence of a spanking zone, another advantage is that a
shorter heat tunnel is possible. A more compact overall system construction is
thus achieved.

25
In the conventional dispensing method that uses spankers on solder droplets, it
is not possible to regulate the thickness of the solder layer. On the contrary,
controlling the parameters of the melting speed of the solder wire as well as the
motion speed of the dispenser during its x-y motion regulates the volume and the

30 flow of the molten solder for writing patterns. This allows more precise control of

the thickness of the solder lines on the lead frame using the dispenser according



10 conpared to conventional spankers. In contrast, the only notion possible
to dispensers of the prior art is to adjust the solder wire 24 up or down
al ong the z-axis when di spensing sol der droplets. Furthernore, in the case
of prior art dispensing nethods that utilise spankers, the 15 sol der
patterns fornmed are l[imted by the spanker nolds that are avail able.

D fferent spanker nolds have to be fajgicated when a different sol der
pattern is required or when different volunes of solder are to be di spensed
due to different chip sizes. Using the spanking nmethod is therefore costly.
In fact, tolke préferiredtembodimenh@‘ theanedntiopankhe thicknesgexfitbe spldéudayert he cost

o e o NGA b oRR BT TRk e BE Rl MR SR w1y

control d@mgmggﬁﬁhﬁaﬁabrlcatlon of spankers. In the absence of a spanking
zone, another advantage is that a shorter heat tunnel is possible. A nore
conpact overall systen1construct|on is thus achieved. 25 In the conventi onal
di spegsi protal possi bl e
o rogul e Tivehe Sglereaner a1 SR aENS Ve oty Ratincalioh aRZiorPOCH) P10
t he par amms@hemﬁanﬁhbsmgpecpiﬁeallyodesichbe@@lndelt lsmtorbeamdamtdaodamaﬁ he noti on
speed of .t he d| enser .durin ts not | re ulat t he volune and the 30
Fow of . (e BN Bgees ol Guche faratfnp ainodhicelons, Audr |SHoRs G eci se
control gy hﬁﬁmtthé%bi?i?%ﬁd%&oé@@f%'Me'de@.@ dptm.th_e | ead frame using the

di spenser according - e preferred embodi ment of the invention.
The t hickness of the solder Iayer that is used to nount a sem conductor chip
can be better controlled as conpared to using spankers. 5 The invention
described herein is susceptible to variations, nodifications and/or

addi tions other than those specifically described and it is to be understood

that the invention includes all such variations, nodifications and/or
additions which fall within the spirit and scope of the above description.



-13- .CLAIMS: 1. Method for nounting a sem conductor chip onto a
substrate, conprising the steps of: 5positioning a solder dispenser
over the substrate and passing a length of solder wire through the
sol der di spenser to the substrate; controlling the feeding of
wire to the substrate with a wire feedef;in a feeding direction,
nmovi ng the sol der dispenser relative to %ﬁe Substrate wth a
positioning 10 device along at | east one of two orthogonal axes that

are subst antgLAIMB: per pendi cul ar to the feeding direction
cont enporaneously with feeding solder wire to the surface of the
substrate in order to dispense a line of nolten solder onto the

substrate; and tpRURRA fofmdRiEAG i SeritBndBCORE WitPh SUbsBaRNe8mphSing
nol ten sol der that has been 15 di spensed onto the substrate; the

met hod furtH’@rStE_BﬁBFi sing the steps of: covering the substrate
with a cgver havpigticHingB0ide dﬁé’péﬁé@*b\)@ﬂHiﬁ‘sﬁﬁ’ﬁra??%ﬁ@baﬁéiﬁ@%r\gﬁth of
al ' ow't he sol de

extends, the openi n%1 bei ng configured such as to
di spenser t 8olgghwire fhraugh Bestoldsi dispenserdothpsuhstiatgjonal axes; and

covering the opegdi@iMat thedfeshindess wRYE i ' t ;
sol der 20 di spensqrﬂjawg Whi Gh Elng nmova I{ét%t;&%tsft@eggwg%? st%%é\és}g'rn.a
2. Method afeegling qieastip cl aim 1, wherein the positioning device is

coupled to moving the solder dispenser relative to the substrate with a positioning
10 device along at least one of two orthogonal axes that are substantially
perpendicular to the feeding direction contemporaneously with feeding solder
wire to the surface of the substrate in order fo dispense a line of molten solder
onto the substrate; and thereafter
mounting the semiconductor chip onto the molten solder that has been
15 dispensed onto the substrate; the method further comprising the steps of:
covering the substrate with a cover having an opening through which the
solder dispenser extends, the opening being configured such as to allow the
solder dispenser to move in at least one of the two orthogonal axes; and
covering the opening with a slider cover which is attached to the solder
20 dispenser and which is movable with the solder dispenser.

2. Method as claimed in claim 1, wherein the positioning device is coupled to
the solder dispenser.

25 3. Method as claimed in claim 1 or claim 2, further comprising the step of
dissipating heat received by the solder dispenser via a cooling tube in the solder
dispenser.

4, Method as claimed in claim 3, further comprising the step of introducing a
30 supply of cooling gas to the cooling tube, and thereafter removing gas that is
heated by gas received by the solder dispenser away from the solder dispenser.



t he sol der dispenser. 25 3.Method as clained in claiml or claim2,
further conprising the step of dissipating heat received by the

sol der di spenser via a cooling tube in the solder dispenser. 4.Method
as claimed in claim3, further conprising the step of introducing a
30 supply of cooling gas to the cooling,tube, and thereafter renoving
gas that is heated by gas received by the sol der dispenser away from
the sol der dispenser. -14- 5. Method as clainmed in any one of the
pr leg edi ng cBaLnBMevwaﬁ tlﬂai;ﬂeel intaap oot of tisperesediog alairi'tﬂ?vlthé‘r?tgﬂhé &lep of
sol der onto _the substrate furt co i ep of holdin

one end of _FlrEsudia: i Fundler sesromadns sl aithef campaSed e den
substrate wbf heldmavionend Bﬁd %ﬂth&ﬁoldeﬁ\ﬂﬁ@?@ rcoﬁi[ms@tfeé@esrdeﬁ ﬂﬁ"reQB thge
two 5 orthogonal ,axes .aimed in anétone of

s C
precedi ng ¢ af?%evw@ieem?vmefhﬁ ISE%F‘E ispgnger glangeat faast é’t"@ B? the two
subst ant§al bith&dnak exa¥dd t he speed of novenent of the sol der
di spenser along at |east one of the two orthogonal axes is
substantially at 10 160 mm's. 7. Method as clainmed in any one of the

precedi ng chai MEpeMyRr daikldd if @hy %hequ%ieea%eémﬁg %@m %hefr@in%é vﬁ#qug

first and second di spensing segnents which are triical about

central neefadnd pigadingprate ﬁésaﬁb&mtlaém@ reEYAad cﬁv%g@eﬁﬁ @fgﬂmﬁerg@@rﬁrthg
8. Method a§o[8éraéilgﬁé41§e? aﬁn@'eﬁ‘lg st WRE o Worftﬁ P%@s%@%ﬁﬁ'&antla"& at

di spensi ng segnents are ate on the su rat as to ext
subst anl@ al ﬁ@gm%{gonal |y across a surface area of a square or
rect angul ar sem conductor chip to be 20 nounted.

7. Method as claimed in any one of the preceding claims, wherein the solder

dispenser dispenses solder along first and second dispensing segments which

are symmetrical about a central meeting point of the first and second dispensing
15 segments.

8. Method as claimed in claim 7, wherein the first and second dispensing

segments are located on the substrate such as to extend substantially diagonally

across a surface area of a square or rectangular semiconductor chip to be
20 mounted.





