,; <e3eq@q=rrsdst”pt6tTt'* Method and apparatus for dispensing solder on a
substrate The iny rns a nethod and an apparatus for dispensing
sol der on a subst M\g “mm ing methods of this type are usmwmmmwiﬂmmm
however not excl or the nmounting of sem conduct or

nmetal lic substrate, d9¥%*called |eadframe. As a rule, power sem gameuct or s
are mainly connected to the substrate, which normally conprises copper, by
means of soft soldering in order to guardntee a nore effective dissipation
of the headihdiAsSadphaat B4 dEptnkitgsdtePSEib@evi @ t he sol der connections as
conpared to nounting by neans of adhesive. However, above all wth

I ncr easedhp awetiofl sistrhya méth@hund enapasuaiee dppaasieglsadder bhesubanmgenei ty of the
sol der connections ie, defined density, uniformspread and perfect wetting
of the sql e gr.fhe entire ghip surface and, ¢ reedom from
bubbl es §s W@Eﬁ1}mdsﬁf|59m ?muﬁmtgﬁ? er@ﬁwggﬂﬁegﬁF%ﬂ)éﬂnRh mgmﬁ ﬁopon t he
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sol der i ngo\Meifnd & 09&9449415 nlohthg®P e lof Yhbdivel h@w@@bﬁﬁavaarewerneraage& heat ed
to above the melting tenperature of the solder in order to nelt F a piece

of the widpwsity, eeéé!aeedérrem{asedsqnﬁ?ﬂ hogtogspeinRf t'rerS@B@F'biorressronsvﬁ.dgﬁfrretdmﬁay. s wel |
sui ted f QhifdASpreR! Hid perfdcONettikdNRNERbIderd IRr SR the BYirPENS &FSce aab@mrek freddb@
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to consiﬁ}erabt vari ati ons. F% re the roughly circul ar shaped wetted
area creat’sd®q SH@&P@“?HQBT%& ‘e“’ emy%ékangular or square formof the
chips. In addition, a form ng stanp is knowmn fromUS 6 056 | 84 with which
t he sol dérrthp@rrpﬂii:aniqn dzep@iédhtpexslsemrhlyt heetborbis vidatyaisglain phaetide math gthichitimt end af the at |
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liquid so i's in ec into a cavit orned e ween t
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a specific fornlng stanp nust be nenufactured for each rectangular shape.
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which is to accept, the Chlp urt her nor e, ra st be e
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be kept nduptet epthelreb@figiiat bsquaré Sorappihe cldps. iraddifor, @ fa@RStampigkrohe from

sem condugt al s0 o di sadv nt arts which cone

i nto con¥§éﬁﬁ69?%Q¥%“ﬁr“§es° &ﬁg“ ?’ﬁgebgggha"?fy l%%ﬁ@%h$br whi ch
pur pose pmmdymnmmmzhasahoﬂbemmnbﬁhedmmed. A met hod with which flat fornmed
bodi es nade of soldering netal, so-called "solder preforns", are

pr ef abri i i
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ont o theseﬁ%%Q$éﬁ@MhmH“Hﬁﬁ@é@qﬁy it in order to forma sol dering Iayer of
the required di nensi ons. However, because of the necessary prefabrication
of the smhgeknowneﬁéﬂroﬂ&ha&@@bv&ﬂaed.@dclintag&rmk sazﬁﬁenthb Me&ﬂ&ﬂ@&lh&%enthéhb&md@& hod
is very costly and not very flexible. t of the | vention js
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Chlp 1sla% which is to accept the chip. Furthermore, the substrate must be heated to above the melting
temperature of the solder and the deposited solder must be kept in liquid form from its application up to
depositing the semiconductor chip. It is also of disadvantage that the parts which come into contact with

the liquid solder have to be regularly cleaned for which purpose production has to be interrupted.

A method with which flat formed bodies made of soldering metal, so-called "solder preforms", are

prefabricated, the dimensions of which are adapted to the chips is known from US 4 577 398 and



The nethod in accordance with the invention for dispensing solder on a
substrate distinguishes itself in that a soldering wre and a form ng gas
heated to a predefined tenperature are supplied to a m xi ng chanber of a

t wo- conponent nozzle so that, in the m xing chanber, solder is nelted off
and carried with the gas stream The sol der bl own out of the two-conponent
nozzl e settles on the substrate. The twozonponent nozzle is noved or
swivelled relative to the substrate in order to deposit the blown out

sol der 0%34 tdbem@rﬁqgtlg rweﬂl.sate%?cngtacédhﬁmqm hbtu%leaanaimeltéa%mh Qetata%n af €
is prefera he m xi ng chanber in a cooled guid F
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sol der i ngok _Iﬁef'él%stah@ﬂte bt AR sRblyRBeraRInd aril Rethdd i ee,?/ SostP G RElved hilike t he
gui de pi pe. The invention enables the contactless application of sol der
onto a suypstrate S0 that no t che n occur on the s bstr
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sol der cammb&na@pmeedmmmmhnmmm@sedge of the chip island. The sol der can be
deposited wi thout the substrate having to be heated up to the nelting

t enper at f i on of the deposited sol der on the
substratgﬁggﬁ@wxn%oﬁﬁfg %ﬂ%%ﬁ?ng mdgﬁﬁﬁa camera W t hout heat-rel ated
wavi ness blurring or distorting the picture. In the follow ng, enbodi nents
of the i nhhemethod naceordanps withidel inventiap fos digeanging solides eja swhstrafeadistingishessitsghiinc h
are not ctﬁﬁwgom&.ngqatenduorm.ﬁ gmmedt@apt%aawne&tea,pd@twe%?e stlph.eeitosaqmmgng

sol der on a substrate with %mo conponent, nozzl e, first

enbodi nerfhampier Pt?etwwemweﬁeﬂﬁ SO A @e mi{Re qb?lgbersfw@ersléee'ﬁé ofie erigchyithof

the two- qmeawam TIRZ3Ider bld%hgou_t aftshmuscoapdewr@ezta‘@fuedb]ﬁﬁeaﬁ,gtﬂ@e sd@ler on a
substrate . The Su str

is, for ex e, nmet al t shaped
subst r at ecomaoets“e ff'éd‘ol"%aodf‘?"éﬂéfi AR ‘%‘ggg’h’%ﬂatec'ﬂf’ﬂet tgria%aréa’ H"gt‘ °&%8@6t| ng
sem conduatoatie grédepsmined area «itieghip-iaml TheablderiHgStiredt ﬂeﬂeﬁb]yéﬁﬂhe [Heintigingne

si ngl e seni conduct or . chi The. subst nsport -step in
Thedr r ocTE O PRt SPodipe S R aub bludeirie B8 RS S BIERECRED o 4
wi t h an ocukibrétg voreantiet thsemind the sofidaringgvie haloiaerd vthinohebiidetpiol der in the form
of a soldering wire 7 on the one hand and, on the other hand, form ng gas
heat ed t : i n
et e, { 0@ ERMRLABRI i STRRIBL UL ALE PR RS RIET P ERRIERE B
in whi ch on tltetﬁebsfrete Iﬁ@f#dﬁmgthga@teneqftt@ ctgpctsﬂebp@errcaﬁ pofiselshrsogranmed dnd goldgrican 7.

The formypg,GRup & ' & @6@&' éﬁlm'slfaﬁoogﬁ‘&ol}ieﬁé&ﬁ b fp8sitth Witn &by e QERRark RavinkhE
hydr ogen portl on anounts to only a few percent and serves to reduce any

oxygen OPeRFiEhPiaie Beltine @é‘@ﬁ'ta‘“feﬂf dhespliereFherflistiiution of theglsaesitethollenostBpol 8

is fed t RUQUED cah tHIHR bRchfrofled Y A dARemwithe\d hediadiier whinels btdmngtmrsfbertmamnt
nozzle 4 and is fed forward by neans of a drive 10. The formng gas is fed
to the mP'™y chamber 6 via a gas channel 1 1. The gas channel 1 1 contains
a valve 12 to control the flowrate of the form ng gas and a heater 13 to
heat up tiinthe fdlominggenghmdinteots af the edeftiomerd exaxdriamorealetail hased entpe figtresrvehidf t he
form ng i S d by neans of a tenperature sensor 14 nounted in the
gas chan%gﬁnoﬁ&i‘gﬁg)fsg%lg the m xi ng chanber 6. The tenperature sensor 14, the
heater 13 and an electronic circuit 15 form in a known way, a control |oop
for cont ridb pioRy it heFigehper ¢evige or gRpanpias Jolenphgsugete Wierfweisempaaertinagrlegas
flowi ng out of the pytd et, GhanmshimentQf ht Afo-toeRIPRRSRtanM0ZZl € 4 inpacts on
the substrate 1, then the sol der carried with the form ng gas settles on
the substrate |. ThESd men$tdsmBedimesoighs NercoBPoreRdogdld- conponent nozzl e 4
are normally smaller than those which the area 16 of the solder portion
deposi t edigomskdas asiu\haetfbedxq)eﬂsnsgheldle:cbnhavmrataurT'H’egutaﬁab il Gtar exantple, & Metagio] der
onto the subst a r eam e conponent

nozzl e 4 'r‘}‘nﬁ’ssﬁap?‘?%“?"gf% %S‘b%ag' 3'@6‘%" W‘“Sﬁveéia g‘é‘ Sfﬁa"gsz%‘“ a"ce‘t““ﬁée"?‘rg‘t}’gh%?{t over
t he i nt enblieg oaa Blaglél:ﬁosntl'ﬁheubdme beaacbmmgbmsmglwssmamdtumechnm&“hasnnbsnttel I7Asin
g;?g[l teftﬂpsﬁgrﬁegﬂg &) teé%ﬂﬁé){l‘ﬁe@&onfhgﬁfe affow ethe*h%\{lcé d?)mtt)}[}?e[sg!t\w §omepQBen?'th%%“ ons
pr edet er miithed oetleechaprzet & hrided mlmgtcmbsm tbazdechobldt"heths ddysitof atsqidelmg IWtre s thebe
pOSST bl € ohOnaihuldbh 8 oty Afhring G RS Rl o e SRR lekah 2 Lg)d igeqyPor tion
onto the substrate to interrupt forward the
subst r at @ixging ghappes 6r¢ea<tlswdy p&thg pdtiap part cn‘ thgragtet Ct‘@"@léphﬁtatksﬂtﬁla&éﬂ" Wh Bl
soldering wire 7 is therefore fed forward at a predeterm ned speed by neans
of the drive 10. The form ng gas flow ng past the soldering wire 7 in the
m xi ng chanber 6 continually nelts off sol der and deposits it onto the
substrate 1. In order to stop the nelting of solder in the mxing chamber
6, the forvvard feed of the sol derlng W|re 7 |s stopped Preferably, the
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=M /A 2. The forward feed speed v of the soldering wire is cal cul ated
fromthe length L and the tinme available T as: v = L/t. 3. The necessary
deposit rate r of the solder is calculated fromthe anobunt of solder to be
deposited M. and the tine available T as: r = M-/ T. 4. The deposit rate r
is a function of the tenperature T and the flow rate ~ of the form ng gas:
r = f(T,[err]). A tenperature TP and a ftowrate [err] are now determ ned
which fulfil the condition M./t = f(TP, [err]P). The tenperature TP of the

form ng gﬁéhm&mQ‘Easapé?t‘é%tftsager%lntth@ﬁlcfeﬁﬁ@\elr@'ﬁ %@f(ﬂfﬂn% E@s 1§B‘|efépd5}y nioREPRY 1Y,
it lies wthin the range of C to 600C.  The flow rate [err]P Shoul'd al so

exceed a PrewevEp hydiessn Ke-ri hﬁhrﬁr%v a@mrm'w'é&s gy 2 Ew&eﬁmt@@d Sﬁrvsyogequge

cool ed t qnRoBLedel ekt NBbetprIpR Bk uél@ermhmr& hivioul®dho 4 HBoltiakl kiirbnpn @fpuiibe
process is inproved as th of the solderin vvlre 7 takes pl ace
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4 is |ocated gt an c and 2 has been
present ecf sor 184 mouln}egé tIL% as ¢ an{l l ge Préphe mlt\{Hé chean]bar GStI"he gmgerflmredensor 14, l(?l

e SO
accor dandeatw lt3hmﬂ heeléco“brhingqug Ipfaoeins kndhewsoh dmthgowﬁor @nifollisg thed f orward

by a pr eq%;% Mrggﬂhgfo% @henTncefo; gzts FFOQ' %91 Weioraget | Jnﬁe-l% of
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| ocated in the mXxing c rmnggasfovmng%ymets
sol der arsdmpenentinezzlq 4 impagthor ttl@ suz.straDulr theg tfleh@'d‘tncnfeiewitm the fasmingd @ps saiglesmnrthe 7
is continyousky fed forward at the speed v. The gas stream fl ow ng out of
t he two-conponent nozzle 4 is guided over the substrate 1 by neans of the
drive nmechanism 17 whereby it |eaves behind a continuous |ine of deposited
sol der onf DEHECaTiYSOf We Quilet oftgtwocqapenent nogzle 43rs Aeymally sialier thapdpesg wh *FR
writing nesses®nthe eflder bmbmupssﬁxawﬂmmubﬁtwi dodid ByveNP@hg aplicatidnloe thd ké1Ne
mechani sm 17 roni sed

h art of the for rdf th
ol dor | ng bR (B ARG LD Al M- BrURAre oGRS § St eh P
t he avai |baéd aed fdrthien a Britikyf m@\rembrh@vérmmantTEnd&aSreexcp iMhedkvick |ﬂEre§f@é Banidige W re 7
i's pull edme% amsm Vi 1rt1 Qr%erRE %g € tﬁé P\;I/o c%glpgrleﬁtt 2584 elther in two different directions parallel to
the surface of the substrate 1 or to swivel it on two predetermined axes parallel to the surface of the

substrate 1.

It must be possible to switch on the supply of solder for depositing a solder portion onto the substrate 1
and to interrupt it for the forward feeding of the substrate ! to the next chip island 2. In order to deposit
solder, the soldering wire 7 is therefore fed forward at a predetermined speed by means of the drive 10.
The forming gas flowing past the soldering wire 7 in the mixing chamber 6 continually melts off solder
and deposits it onto the substrate 1. In order to stop the melting of solder in the mixing chamber 6, the
forward feed of the soldering wire 7 is stopped. Preferably, the soldering wire 7 is even pulled back by a
predetermined distance D by means of the drive 10. It is not necessary to interrupt the supply of forming

gas.

The drive 10 for the forward feed of the soldering wire 7 preferably comprises a stepper motor which
drives a drive wheel 18 and a pressure wheel 19 which presses the soldering wire 7 against the drive
wheel 18. The pressure wheel 19 has an encoder via which the forward feed as well as the backward

movement of the soldering wire 7 1s controlled.

The amount of solder to be deposited onto the substrate | and the area ! 6 to be occupied by the solder are

process-determined, given quantities. As a rule, the time T which is available in order to deposit the



The application of the solder is now concluded. The two-conponent nozzle 4
is brought into its initial position and the next chip island is presented.
The flow rate [err]P of the formng gas is preferably kept constant for the
processing of different products, for exanple at 200 |itres per hour, and,
in preparation step 4, the tenperature T of the formng gas is adapted to
the respective necessary deposit rate r.4In the followng, two different
exanpl es for the design of the two-conponent nozzle 4 are explained in nore

detail: EyRBoioh ifdID- givén SIE Wine @ alh WG HIROY & ¥evddD 2BhRedAmiMstddniiL Bod he
gui de pipe 9 and the outlet chapnnel 5 run coaxially, for exanple, in

vertical "Biljsesep oﬁ“ﬁ%Sgﬂﬁﬁﬁamﬁﬁg“ﬁagmﬁﬁﬁﬁn@FdTT“WWH§1%Bﬁ&?%???ﬂio t he gui de
pipe 9 and, at the end of the guide pipe 9, opens out into the outl et
channel 5. dihe adedsssiy e learrgthamfithel selderqipgVie 7 ietaldulaeiffionetle yount Mabf soler wobe t he
gas channel, 11. W nber 6 is part of the

out | et chan qs't%i anitj pw cross Se Onal %A (%fqhee Smd)é%rngeeaasof the outlet channel 5
wher e t he forur MgAgas and the nelted sol der m x together. The inlet angle
[err] fundanentally influences the geonmetrical shape of the end of the

sol deri nG. WhE forard Y&@ E‘peg(h@oii Al s%‘deﬁﬁ@h?e |L ngJu]ateQi%%%@ leLQh ML Eint h.ﬁ@aéh&h‘@g

60, then the end of the soldering wire i's spherical. Wen the inlet angle
[err] reser#f'ed, anbunts to |l ess than around 60, then the end of the

sol deri ng mﬁneqptis conical. The length of the cone 2 I is dependent on the
angle [err]. Wen the length of the cone 21 exceeds a certain amount, then

it happens fromti to tine_that the cone 2 ars of f
uncontrolt&%FQmwﬁﬂe @P&é?“@é%FF6ﬂd%fﬁ?kem63§“@H§ﬁﬁewnt % L bridgrasitgd .
speed of t hedfherinkagilgastan flowing into the outlet channel 5. The snaller
t he cross- sectm&n at predetermned flowrate [err], the greater the inlet
speed. Exanple Wth this exanpl e presented in Flg 3, the gas channel 11
and the outlet channel 5 are coaxial. The guide pipe 9 for the soldering
wire 7 rundhhderosiatealid afusation pizthe temperstaie deani thy flawvrrate ® i thetfordmesead:at er al | y
into the ouytl T n

is smaller lllt hf(?%(b?')@@ﬁl?ggtgregegﬁ %ﬁ]ﬁfégﬁlg?éo@%gﬁgﬁ Vglﬁlc}t gﬂ%‘g?"@%&n h t he
transition fMAYES BNannel | | to outlet channel 5, the cross-section of
t he two-conponent nozzle w dens and that i medi ately above the |ocation

wher e t herhg t&r@&a@l*epﬁ, oPthk @(ﬂﬁiﬁ]g o Aust heabold th@ﬁlelﬁh@{@mﬁéraﬁre o¥¥ht Bottiddi 5 pRYBIRI €,
rt_of_ tree outl ann TENT

the m xi a
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Wi re andvalué.orm ng gas heated to a predeterm ned tenperature are supplied
to a m xing chanber of a two- conponent nozzle so that in the mxing chamber
sol der nd wherein.th

v~ corparantii e BRE o KoLl B lekdti iR b 1o B S Sl 0B

wher eby tphasess ¢l intprovest as e nepliing of the bddaring ®éram takentlaca order eontreligd| cesdnmms t he
substrate. The nethod according to claiml, wherein the soldering wre is

fed to theHlsitRIpeMRNBESpetaflo HIWLNE 1 Pis Q&n@@%d"é’@lesf) &abthe HBw QJtéj&fthet ermmg
interrupt the depositing of solder, the soldering wire is pulled back so

that an GARCBEves Fis valyt Qe Thpgmppratareiof theéfefa*er@csawfwhteé Fféth@mhcfeT ppl§dip of Hhe
met QO? a@&@érmg%ems l@c%a@ddm a’LpreMb%Th mbmm&mngwlm thd @ﬁ%e'ﬁpe?o@lh&g/olc%@nent .
preeermn at ur e, e ne GC O Clalm ereln e
gui de pi a%ZZf 4‘&@’?@%“%"&)'"&‘%?0%'8‘6&%&‘8% 3}&&) #aﬂl%gﬂé been pregpntedfgraparicption ofy

di spensi g sslaérghe sadder & applled i @t@dancOW 1he Kdligivina ntasssconmponent nozzle with a

m xi ng chanber, a guide pipe for supplying a soldering wire to the m xing

chanber, 1. The soldering wire 7 is fed forward by a predetermined distance D. The tip of the soldering wire 7 is
now located in the mixing chamber 6 so that the forming gas flowing by melts solder and carries it

with it.

2. During the time 7, the soldering wire 7 is continuously fed forward at the speed v. The gas stream
flowing out of the two-component nozzle 4 is guided over the substrate |1 by means of the drive
mechanism 17 whereby it leaves behind a continuous line of deposited solder on the substrate 1. The

line is, for example, wave-shaped. The writing movement of the two-component nozzle 4 by means of



a gas channel for supplying a formng gas to the m xing chanber, the gas
channel conprising a valve for controlling the flowrate of the form ng gas
and a heater for heating the form ng gas to a predeterm ned tenperature,
and a drive mechanismfor noving or swiveling the two-conmponent nozzle
relative to the substrate. .A95f. Asf. A"S. A" @R AL?. Ar;
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y#10%& (phe application of the solder is now concluded. The two-component nozzle 4 is brought into its injtial
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more detail:

Example 1
Fig. 2 shows a two-component nozzle 4 with which the guide pipe 9 and the outlet channel 5 run

coaxially, for example, in vertical direction as shown. The gas channel 11 runs coaxially to the guide
pipe 9 and, at the end of the guide pipe 9, opens out into the outlet channel S on all sides at an inlet angle
¢ defined by a wall 20 of the gas channel 11. With this example, the mixing chamber 6 is part of the
outlet channel 3. It is defined by the upper area of the outlet channel 5 where the forming gas and the
melted solder mix together. The inlet angle ¢ fundamentally influences the geometrical shape of the end
of the soldering wire 7. When the inlet angle ¢ amounts to more than around 60°, then the end of the
soldering wire 7 is spherical. When the inlet angle ¢, as presented, amounts to less than around 60°, then
the end of the soldering wire 7 is conical. The length of the cone 21 is dependent on the angle ¢. When
the length of the cone 21 exceeds a certain amount, then it happens from time to time that a part of the
cone 21 tears off uncontrollably. The cross-section of the gas channel 11 determines the speed of the
forming gas on flowing into the outlet channel 5. The smaller the cross-section at predetermined flow

rate Op, the greater the inlet speed.

Example 2
With this example presented in Fig. 3, the gas channel 11 and the outlet channel 5 are coaxial. The guide

pipe 9 for the soldering wire 7 runs horizontally so that the soldering wire 7 protrudes laterally into the
outlet channel 5. The cross-sectional area of the gas channel 11 is smaller than the cross-sectional area of
the outlet channel 5: With the transition from gas channel 11 to outlet channel 5, the cross-section of the
two-component nozzle widens and that immediately above the location where the guide pipe 9 leads into

the outlet channel 5. With this example, the mixing chamber 6 is also part of tue outlet channel 5.
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2. The method according to claim 1, wherein the soldering wire is fed to the mixing chamber in a

guide pipe and wherein, in order to interrupt the depositing of solder, the soldering wire is pulled back so

that an end of the soldering wire is located within the guide pipe.
3. The method according to claim I, wherein the guide pipe is cooled to a predetermined temperature.
4. The method according to claim 2, wherein the guide pipe is cooled to a predetermined temperature.

5.  An apparatus for dispensing solder on a substrate, comprising:

a two-component nozzle with a mixing chamber,

a guide pipe for supplying a soldering wire to the mixing chamber,

a gas channel for supplying a forming gas to the mixing chamber, the gas channel comprising a
valve for controlling the flow rate of the forming gas and a heater for heating the forming gas to a
predetermined temperature, and

a drive mechanism for moving or swiveling the two-component nozzle relative to the substrate.



