-1- DI SPENSI NG SOLDER FOR MOUNTI NG SEM CONDUCTOR CHIPS Field of the

I nvention 5 The present invention relates generally to the fabrication and
packagi ng of integrated circuit conmponents, 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 frames by salqdering. Specifically, power

sem conductors are comonly fixed to |ead frames by using soft sol der
Power devices are widely used in the 15 autonotive industry due to their

hi gh thermal and el ectrical performance, and soft solder is generally
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al so ensures that heat which is produced in the sem conductor chip during
operation_is dissipated nore efficiently than a joint conprising a

non- condutigldef the Inventien ve. Additional |y, the soft sol der provides a good
el ect rfj cal path for the sem conductor chips. In cases where there is an
i ncrease in power density of the sem conductor chip, a soldered joint
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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.



Typically, soft soldering of a sem conductor chip to a lead franme entails

di spensi ng an anount of solder onto the |ead franme before positioning the
chip. This may involve touching one end of a solder wire at the position of
the lead frame where the chip is to be located. The lead frane is preheated
to a 5 tenperature which is above the nelting point of the solder so that
the solder wire nelts upon contact wi2h the lead frane. A prescribed | ength
of the wire is fed to the lead franme and it is continuously or
intermttently nmelted onto the lead frame. The solder wire which does not
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additional factor that affects the proper 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



| ateral distribution of the solder. Even slight deviations in the angle

bet ween the 30 punch surface and the surface of the substrate may lead to
considerabl e lateral displacenent of solder droplets. Additionally,
flattening the sol der droplets by -3- neans of the spanking stanmp or punch
results in solder spots which may be nore or |ess rounded at their edges
and which do not conformexactly to thle rectangular or square shape of the
chips. 5 US Patent Nunber 6,056,184 entitled "Apparatus for Shaping Liquid
Portions of Solder in Soft Sol dering Sem conductor Chips" discloses a punch
with a dimeanzof thespanigingestampf or peihctpresyitsphesdlder sgotd omipidh Imayiibeé sol der
into flat_solder appli.cations. to, achi eve an evenly distributed an
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of notion of the shaft. The novable punch allows self-adjustnent in

relation to the substrate such that a fi xed distance from the substrate can
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under the punch surface. Furthernore, this apparatus renders it unnecessary
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keeping means affixed to the punch protrudes beyond the lower surface of the
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



the chip onto the nolten footprint. It is thus inportant to di spense the
anount of sol der accurately and precisely. US Patent Nunber 5,878, 939
entitled "Method and Apparatus for Dispensing 30 Liquid Solder"” discloses a
di spenser which controls the solder wire's rate of feed to accurately

regul ate the anmount of sol der di spensed. The apparatus 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 sanme tine, an adjacent zone of the
guide tube is cooled to naintain a stable tenperature transition in the
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sol i di fi dBe Mejteprsoldait the 15 sol der from oxidizing, chip attachnment is
perfornmed under a protective or reducing atnosphere. There are

di sadvantages in using the spanking nethod to achieve a thin and even |ayer
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| ar ge, sol der .dot , yol une. is required, the nol.ten solder, cannot fill up the
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when too nuch solder 1s applied, it wll lead to solder splash. Wilst this
probl em rth§ peurhing: beas mgveshaway from the solder. The surface tension of the

molten solder leads to solder flow back beneath the chip. Finally, the substrate
goes through a cooling section and the layer of solder solidifies. To prevent the

15 solder from oxidizing, chip attachment is performed under a protective or
reducing atmosphere.

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.



i nvention under US Patent Nunber 5,878,939 as descri bed above, there is an
25 additional need to control the quality of the spanker nold fabricated so
as to mnimze wetting by the liquid solder which nmay form contam nants in
the nold cavity of the spanker. Contam nants reduce the vol une of the

nol ten sol der, creating voids and weakeni ng chi p adhesi on and el ectri cal
conductivity. Tilted spanker nolds that may result from defective
fabrication will also lead to 30 inconplete solder footprints that affect
the quality of the final product. Mreover, it is difficult to achieve
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Invention It is thus an object of the invention to seek to provide a soft
sol der dispenser for formng a layer of evenly-distributed solder for
attachyn et ps to substrates which does not present the

af ore?al SsaMarP Bf thel IBlerfltn are faced 10 when using spankers of the prior
art. According to a first aspect of the invention, there is provi ded a
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with feeding solder wire to the surface of the substrate in 20 order to
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mounting a semiconductor chlp 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



di spensed onto the substrate. According to a second aspect of the invention,
there is provided an apparatus for 25 dispensing solder onto a substrate
for nounting a sem conductor chip, conprising: a solder dispenser

positi onabl e over the substrate and through which a length of solder wre
is passed for feeding the solder wire to the substrate; a wre feeder to
control feeding of the solder wire toag.he substrate in a feeding direction;
and a positioning device configured for noving the sol der dispenser 30
relative to the substrate along at | east one of two orthogonal axes that are
subst ant i devige ip@pgeativiedalnaeve: thetdolder sistiengedielativei tohe shbsteite aldng at

positioning -6- device |S erative t e the sol der, disp | ative to
Phe substPateons ShiMEwo outRBoBhL 45 Bl s aTadiBybRin bRaERe Feeds

cont enporfaagiagSkive Y6 the bhsstiits ewhertdgrio disrisata Wihé of nfolidhessigdissritat e,
whereby to dispense a line of nolten solder onto the substrate. 5 1t wll

be converthg@stbslgatier ei naft er describe the invention in greater detail by
refer%Ece to the acconpanyi ng drawi ngs. The particularity of the draw ngs
and the related description is not to be understood as superseding the
gener al i tly voll bet benveniend todeereinfafteatdescrilsd théénvemtiontinogreater didtaindg by t he

clains. 10 Bri ef scription of the . Drawings The present invention will be
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drawi ngs, in which: FIG 1 is an isonetric view of a solder dispénser for

di spensi nhedsoad ientiigationtad the invealipr asidefinasthy thergaims. t he preferred

enbodf' nt of the invention; 20 FIG 2 is a side view of the sol der

di spenser of FIG 1;

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.



FIG. 3A and 3B illustrate different manners of solder witing utilizing the
sol der dispenser of FIG 1; and 25 FIGs. 4A to 4C illustrate exenplary

sol der footprints that are achievable from solder witing utilizing the
sai d sol der dispenser. Detailed Description of the Preferred Enbodi nent of
the Invention 30 The preferred enbodi mrent of the present invention wll be
descri bed hereinafter wth reference7-o the acconpanying draw ngs. -7- FIG
1 is an isonetric view of a solder dispenser 10 for dispensing soft sol der
onto a substrate such as a lead frame 12 for nounting a sem conductor chip
according to the preferred enbodi nent of the invention. The sol der di spenser
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t heref ore noye the f(?l der dispenser 10 relative to the lead frane
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



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 dispense nolten solder onto the lead frame 12. 25 The di spenser 10
further has a solder wire cooling tube 18 for dissipating heat received
froma heat tunnel on which the lead frane 12 is resting. The cooling tube
18 is also connected to a cooling gasgupply via a cooling gas inlet 20.
Cooling gas is injected into the cooling tube 18 through the cooling gas
inlet 20 30 and | eaves through a cooling gas outlet 22, carrying away the
heat r eceavathtiendriempesatieeaand doeaisureTthad the sbideg witco2é gemains impsolidant to
mai nt ai n ghe dgﬁgﬁpsir %0 at -8- an anbient tenperature and to ensure that
the sol dePWWEDHGERRETE i n solid formwithin the di spenser. FIG 2 is a
side view of the solder dispenser 10 of FIG 1. The lead frane 12 is 5

resting on a heat tunnel and is heated to the worki ng tenperature of the
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frame 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



12 by the press guides 14. The solder wire 24 is fed onto chip bonding sites
on 20 the lead frane 12 by way of hol ding onto one end of the solder wre 24
while the other end of the wire 24 is nelted onto the heated | ead franme 12.
A predetermned quantity of solder is dispensed in a pattern that is
suitable for achieving a thin, evenly distributed | ayer of nolten sol der
for bonding the respective chip. Theg«- and y axes notion of the dispenser
10 not only allows 25 formation of any design of solder pattern on the |ead
frame 12, but it also permts affixing various sizes of chips onto the |ead
frame 12.24 inctuamdependgnicmn the feeding rate of ghe soider ivdrepds ointd the telad
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The par angitfefent t;ﬂpats weeMépbaﬁé}ﬂsfab@yPeéprmé f@raffhahg arsefiiéshduttor3Bip. ead frame
12 are generally the nelting speed of the solder wre 24 and the speed of

X-y motion of the dispenser 10. The nelting speed of the solder wire -9- 24

is ingurg &@g&@@ﬂﬁarnpmmﬁeﬁ d&ﬂb&&in{ t B s ¢ nﬁ‘@erﬁﬁhdﬁ{ Wafi %ﬁ ot R the |ead

frame 12. Line t'en so can evvrltten ontot rarre 12
form ng liedtécrienaboytp8680T3, Hwl deY table el7nss apesativeofo mmee fioe soiderxi ng a

i condugtor chip & | i | ferred, enp tof. t
vent | orfispenser sybeiahaly 4138 spsk 25 10 RS Er3ce, meNBO,eeRdo 17 | <

Oper at i Verahd of s T ﬁﬁéctarto tﬂba@wmfnel@zweﬁﬁﬁahwylat aﬁouassﬁﬁ%i of 160
mms and the nelting or feed mg@ rate of the solder wire to the | ead
)|

frame 12 The §QW§R§¢U| ofl mpiten saldlendetermines theTiicineasyof ﬂe%mdtenrﬁﬂldefn sol der

regal 0 cap, iy ol TGk b isSRal il LVC ERtahe 188 RRCReReIEN 307X, ony
bl eedi ng éegcribéd &ﬂdodertovmeaem méemngsmlcﬁcaﬂuanmen sotilpris tpededhamobeen
di spensed onto the lead fra posi tioned and pl aced

onto the $Udr thal hasibeen Hgs%ﬂsﬁge?ﬂtgotlh&e‘eago 'g'T"SV\éz pehes: they ARIPCHRI p t o
forman eNemicMY GRATHIEALEY SOt VRE RhdSRARRT 12 NEltitid?e 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



15 chip and the lead frame 12. The bonded chip on the lead frame 12 is then
cooled to forma 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 proximty to
one other. 20 FIGs. 3A and 3B illustrate different manners of solder witing
utilizing the solder dispenser 10 of1§LG | whereas FIGs. 4A to 4C
illustrate exenplary solder patterns that are achievable from sol der
witing utilizing the said solder dispenser 10. In FIG 3A, an area 33 of
the | ead on thmeseconsdosegraeninit foy inibating seldet wriing onte thexseeons segmentbonded i s

second. di ThedbeEouB shiEP 3ot REpRS SEMERLS afou &oclirel HiEetial ¢ Fare
12 such agoihbofaké @irel andlascand dripblisidy aggmainty 32340ss llastsatetiac FIGMAa of a

square or_rectangul ar sem conductor chip to be nounted. In the first manner
of sol der ThiFiS0Idey, Patteen wilk sriead out evenlysundar Hehpauhem thesphigds plagedyi re 24
on the fi j 195’({5?'“ ! g th 36.
Ther eat t eééﬁ?%gn%rn?gﬁggg%lssear ghqﬁ @gggg %}i z%]}@utthaf(s)ai}dg@glte%d[ eﬁ%%%%renci ng
poi nt - 10avaided Wvith tkismuides qupttem. Bléntey thimistthatrecamsewinded wanyi ¢fi sajdernt o t he

second se nt., 34,. The resul tant sol der ttern formed.is ri.cal about
S Cont a1 I foachisyf ar Syen vy of apdifen SabeEid ARl Aestup Rotd <32, 34
as illustfahed2a n FIG 4A. This solder pattern will spread out evenly under

a chip when the chip is placed 5 centrally onto the solder pattern. It has
been found that sol der bleeding may be avoided with this sol der pattern.

Hence,n thj s_ | rec " g Iy: even
ayer'®t ool FRE aMRd, & sdor Wiingl e aBepsar U SHEGS, -
conpari sothe wired 2dcalung tharfirst aispeakitgr sagmenhh @2 thiefordi sppieerto 1ihedi spenses
the wire 24 along the first dispensjng segnment 32 ggfohg noving to the
commenci nEPPBIEREINGs PRIRL of dhe) $goond dispansinys segraaRt s WeVeh Nh¥iIRgi r e

contact search for the initiating point is conducted before solder writing begins on
the second dispensing segment 34. The result of such a solder writing pattern is

15 illustrated in FIG. 4B. The solder does not wet a corner 38 of the lead frame,
thus resulting in a solder layer that is asymmetrical about the meeting point of the
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



contact search for the initiating point is conducted before solder witing
begins on the second dispensing segnent 34. The result of such a sol der
witing pattern is 15 illustrated in FIG 4B. The sol der does not wet a
corner 38 of the lead frane, thus resulting in a solder layer that is
asymmetrical about the neeting point of the first and second di spensing
segnents 32, 34, unlike the solder pattern of FIG 4A. As a result, when a
chip is pressed onto the |ead frame 12, an uneven |ayer of solder may tend
to formunder the chip. 20 Athird manner of solder witing is illustrated

in FI G 3Bdutipg $he penblérs ofisoldeidderdiog iméadichbas begp nogedithatigvipist 8 of t he

di spensin ath 37 pof | Sp : rj r tern

or s as SRBIATRURYof SdHerteBP 7000 brd daus6F vERUE Efvegoifischy’ ©)

uneven | ajiggering fletitsd MBngbspankensd thendamet hmoohl pf asldar pitteasiul the By
conparing the patterns _created in all three manners of sol der wrltlng, It
can be sé’@ﬂ"'ﬂ?faﬂeslcr'b;?dmthq piaferred embodimenisef hednyenitop RRLL£aU§eobt ai n an

evenly5 di &é tb‘l’éé‘di ol der layer for affixing a chip onto the |lead franme 12.
It shoul e apprectated that the preferred enbodi nent of the sol der
di spenser 30 descrl bed above provi des an effective nethod of solder witing

t bt ai I d I ff hip f.arm t
| 0aq 11 ant Ad. v directiphel wictans st dbe eMeadhest 10 Bnge afayaed heact o |
has been miaﬂfhdehaf s¥fdet %Jtattérn %hirél' “A@ﬁosﬁﬁhlﬁfcaféﬂ asmef atterPMhtrg) causes

bl eeding in a conventional ensi ng nmet hod using spankers, the
sane anoudasirefl ig plogsiblendye ththa ﬁlreqt@na ﬁ@@mdximtmeqf the disRenseemer r ed

ai'r ectd orearasbH dg CFRHIGRY SEDNEE,  95'Rfrest. 1o Sl Mdep B%sHi0 e age of
sol der padngp?énsec@ot thel priofrayt ;sctolmdms;t tizd scldeoliter24pa bedowh laidng the adesired is

possi bl e due to the directional] freedom of notion of the di spenser as
axis when dispensing solder droplets.

Furthermore, in the case of prior art dispensing methods that utilise spankers, the
15 solder patterns formed are limited by the spanker molds that are available.
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
along the t- axis when dispensing solder 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 volunmes of solder are to be dispensed
due to different chip sizes. Using the spanking nethod is therefore costly.
In fact, tolke peﬂfénedlmhndimént@fethas'averftimpa'ﬁk@tfﬂ'claietsegﬂtthelsomddayes t he cost
of the oy raII trenend | y..Beside {i wn costs

ol i m na 071 B1sER 0 FEnETa sefequRearip T RS BRBCLETEPEE Y e o

qual ity qg@gmg@pQukm@g nDId fabrication of spankers. In the absence of a
spanki ng zone, another advantage is that a shorter heat tunnel is possible.
A nore conpact overall systemconstruction is thus achieved. 25 In the

convegt i n S is
ot passi P ML dodt B HaPhn: 2 uslBifys RE AR metfcBtiofg SRURIE. 1 )
cont r ol | iaugitions qﬂhelairmahethesmfspednﬁca‘rgl descgbeg aad |b'is tmbe soldestood thatas wel |
as the tion speed of th penser duri its t|o es the
Vol ue arBe TRErSBN ANGies A ichryAadous: MoRticaions ARG asdtions MO, <

al | ows MREPWRARGKE 8 BhA Bofd of ha%HNLdeaesticH ¢ he sol der lines on the

| ead frame using th e di spenser according -1 to the preferred enbodi nent of
the invention. The thickness of the solder layer 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 additions other than those specifically described and it is to be
under st ood t hat



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: 5 positioning a solder dispenser over the
substrate and passing a length of solder wire through the sol der di spenser
to the substrate; controlling the feedBng of wire to the substrate with a
wire feeder in a feeding direction; noving the sol der dispenser relative to
the substrate with a positioning 10 device along at |east one of two

ort hogonaCLAMWMS: t hat are substantially perpendicular to the feeding
direction contenporaneously with feeding solder wre to the surface of the
substrate in order to dispense a line of nolten solder onto the substrate;

and t her eqf t erMahiatt fonendurting earsemisbndiuetor Chigpontt @ subetratel icompsisinder t hat
has been 15 di spensed onto the substrate. 2. Method as clainmed in claim1,

wher ei n tﬂh@%‘?ronl ng device is coupled to the solder dispenser. 20 3.

Met hog; as cl ai ﬂldn eqc iabejr d?{?e%e\tg%ér E%Jb@ﬁété&ﬁ@bbﬂnﬁ%aﬁ@ﬁgﬁ\t of

d|SS|pat|ng h rec e SO |s enser via a cooling tube in the
sol der dscﬂquwueethréugm&temnide!sdlsﬂems&etbthn smbatra’tea further conprising the

et o L R M e BB BB,

di spenserfeaumy difeefibi;he sol der di spenser. . Method as clained in any one
of the precedi'ng claims, further conprisi ng t he ste&nof covering the
substrate wi t hnavisg\ibe seldarmdiseensepdelative ttartbagsubstratenwith 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 to 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.

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

20 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
25 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.

5. Method as claimed in any one of the preceding claims, further comprising
the step of covering the substrate with a cover having an opening through which
30 the solder dispenser extends, and the opening is configured such as to allow the

solder dispenser to move in at least one of the two orthogonal axes.



30 the sol der dispenser extends, and the opening is configured such as to
allow the solder dispenser to nove in at |east one of the two orthogonal
axes. -14- 6. Method as clainmed in claim5b, further conprising the step of
covering the opening substantially or conpletely with a slider cover which
Is attached to the solder dispenser and which is novable with the sol der

di spenser. 5 7. Method as clained in-.ggy one of the preceding clains,
wherein the step of dispensing a line of nolten solder onto the substrate
further conprises the step of holding to one end of the solder wire to
continuously feed solder wire to the substrate while noving the sol der

di spenser Lal on t least.one.of th 10 t ho a Xes... 8. t hod as
cl ai mred iﬁ' anyﬁISﬁ]?do?s P'ﬁ'E"%‘fEb‘é’&l'ﬂg” Et}'\@?%con%bswﬁ% ﬁg%ﬁ?rcgv?réng d at a
feedi ng rapéning sabb@hBally et tLompletely swithnd dliler spRdvisith O wetaEdd & thehe

sol der di spenser along at |east one of the two orthogonal axes is

subst ant i 8¢lAgr dispenssr apd whighsis rgovahie mith the seldsr gisgenserany one of the
precedi ng clai ns, wherein the solder dispenser dispenses solder along first
and second di spensi ng segnents which are symetrical about a central
nmeeting p@int Methddeas claimtedindargearenof the gpecedimy clagis, vedpreint the sldp ofVet hod as

claimed in claim9, whereip the firs nd second_dj.spensin e nts are
| ocat ed oH'sPﬁ’és'EQu@sl!r}%‘P emQB%'Pl sqidef 8"@%@’%@%‘? mn%w&&g%z’?égf acr oss
a surf aceofih&airfgf toPorRIHAG Bf e 'sBRIAMI & cHRHUBASYUSES Sofder Avifeltdthe 25

mount ed. 11. aratus for dispensing solder onto a substrate for nounting a
seni condustikstratéivhilec onoyings ithe): sadderotispensiirs plongeat feast tarenablithe dwer t he

subst {@t e ngdai gugl whi ch a

8. Method as claimed in any one of the preceding claims, wherein the wire is

fed at a feeding rate of substantially 5 mm/s and the speed of movement of the

solder dispenser along at least one of the two orthogonal axes is substantially at
15 160 mm/s.

9. 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

20 segments.

10. Method as claimed in claim 9, 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

25 mounted.

11. Apparatus for dispensing solder onto a substrate for mounting a
semiconductor chip, comprising:
a solder dispenser positionable over the substrate and through which a
30 length of solder wire is passed for feeding the solder wire to the substrate;



30 length of solder wire is passed for feeding the solder wire to the
substrate; -15- a wire feeder to control feeding of the solder wwre to the
substrate in a feeding direction; and a positioning device configured for
novi ng the sol der dispenser relative to the substrate along at | east one of
two orthogonal axes that are substantially 5 perpendicular to the feeding
direction; wherein the positioning deygce is operative to nove the sol der

di spenser relative to the substrate along at |east one of the two

ort hogonal axes contenporaneously with the wire feeder feeding wire to the
substr at e, whea elire feededits wontrel feedingeobthensbiden wirel tetheosishstiate i @bst r at e.
10 12. aratus as claiped in claim1ll, wherein the positioning device is
coupl ed t efding i ﬁg cggenser 13. Apparatus as clainmed in claim1l or

claim12, wherg asmbmnwdee.c‘emﬁ?urea&orsmmmgsmé s%ldé’ild’s;ﬂinséf psiativeolol ers for
engagi ng the solder wire and eed sol wire to the dispenser and the

subst r at ethensubsérate alanggatiieast oneref tMJ oppeaenal axegdthal aresbstantdlly one of
cl ai Mg 11P%§Fﬁ§iculap{&m%r g&ﬂgrd'lr@b sol der wire cooling tube incorporated

in the so rspenser I'SST pa |ng heat 20 received by the sol der

di spenser. 15. wWema'r ﬂtwﬁoaﬁomd\gildﬁemeuﬂ otpbaatmelié mbve thee soldengdispenser a
cooling gas jnlet

ectl p oI|n as to the cooling tube
and a coofe'dtiyegie %Gt ] 4 e @ Hyab;i@gmefp nihenh&ve oBTthegpnal, ?b%xeSZS 16.
Appar at Usc@rﬁeﬁ\gafdﬁ%uh @Wth@%ré’feeﬁbﬁféé‘ﬂlrywﬁﬁtolﬁve dubstra®!, wierdsy i N9 a
cover that osi tionéd over the substrat e cover haV|ng an “openi ng
t hrough dispetse déins of theltedissldenorto thgtssbatﬁateand t he opening is configured
such ,wat t he
12. Apparatus as claimed in claim 11, wherein the positioning device is

coupled to the solder dispenser.

13.  Apparatus as claimed in claim 11 or claim 12, wherein the wire feeder
15 comprises a pair of press rollers for engaging the solder wire and to feed solder
wire to the dispenser and the substrate in the feeding direction.

14.  Apparatus as claimed in any one of claims 11 to 13, further comprising a
solder wire cooling tube incorporated in the solder dispenser for dissipating heat
20 received by the solder dispenser.

15.  Apparatus as claimed in claim 14, further comprising a cooling gas inlet for
injecting a supply of cooling gas to the cooling tube and a cooling gas outlet to
carry gas away from the cooling tube.
25

16.  Apparatus as claimed in any one of claims 11 to 15, further comprising a
cover that is positioned over the substrate, the cover having an opening through
which the solder dispenser extends, and the opening is configured such that the
solder dispenser is allowed to move along at least one of the two orthogonal

30 axes when dispensing molten solder.



sol der di spenser is allowed to nove along at | east one of the two orthogonal
30 axes when di spensing nolten solder. -16- 17. Apparatus as clained in
claim16, further conprising a slider cover attached to the dispenser and
which is operative to cover the opening substantially or conpletely. 5 18.
Apparatus as clained in any one of the preceding clains, wherein wire
feeder is operative to feed the soldgg_wire to the substrate substantially
at a speed of 5 mMmis and the positioning device is configured to nove the
sol der dispenser along at | east one of the two orthogonal axes

subst ant 1Al | yApparatuspaedclaivfied.GOnectaisn 18) further comprising a slider cover

attached to the dispenser and which is operative to cover the opening

substantially or completely.

5 18. Apparatus as claimed in any one of the preceding claims, wherein wire
feeder is operative to feed the solder wire to the substrate substantially at a
speed of 5 mm/s and the positioning device is configured to move the solder
dispenser along at least one of the two orthogonal axes substantially at a speed
of 160mm/s.

10



