-, e3eDi ddedf: 6gh6hTDi i r @ SOLDER REFLOW OVEN FI ELD OF THE INVENTION 5 This
invention relates to a solder reflow qQven, and in particul ar @o such an

~oven suitable for reflow ng sol der bal'l s placed on sol der p wmmwm'
-grid array (BGA) substrate. The invention also relates to a I

advant ageous system for so%ﬁ&%&%ﬂn BGA el ect roni cipaekages.
10 15 20 25 30 BACKGROUND | grid array (BGA) is a
wel | - known and i ncreasingly popul ar form of el ectronic pack

the use in the manufacture of integrated circuits. One of t wm)
steps in the manufacturing [FibklR4RF THE INBENTIGNt he firm attac

sol der balls onto solder pads fornmed on a BGA substrate. The so |"z ball is
used to maintain electrical connectivity between the BGA substrate and any

conpgnentiss dhettidndreldtes @b & sdiber aéﬂow boentamd in bartkeldieto fidH an tovehhe
sol der pads involves two main step (1) sol der  bal | pl acenent, and (2)

sol der rsifitagle f0TH§f|¢W'ﬂ§tS°§,QQ§"ﬁ)3"ﬁMQ%’5°@ gelasr erdp Pf @fb%“ FiprBERY $BGAY| der
bal I's ”sqmsgggeyfg% i @ﬂan%oarqgéetggég Ftbm 24 é&t?adgmﬁg{ea@@?&% fort hose

balls ina ern on t rate suc one so der ball
is pl acesblder Mb@ttm{mlemt indBGA Blectemnio pdckagesess i nvol ves the sol der balls
being nelted and refl owed on the sol der pads of the substrate. The present

invention is concerned in particular with this second step. The sol der

refligw step involves fousaRIGRASINDNESE PRESRVERTRIGat . soak, reflow
(spike) and cooling. Firstly, in the preheat phase the sol der balls are

warmed to a tenperature that is just below the nmelting point of the solder.
For exanpl he. bal | s e, heate t o about, 30C bel oyw a nelt oi nt of
185 & R Bl Fisiansin dBoA N A Wkt A JRCeaS g hoRHA SITEE bl | s
to the %é%nn@%‘%kb@e&%ﬁﬁ?ﬁﬁhﬁe%é&ﬂﬂ% Medrifa&ird Bﬁlrﬁééﬁate@%ﬂchi‘?@

tenperature of the substr 2 the solder balls are all owed to becone
mor e uni ®@oemfahe igiosiant séeps mjthengwamﬁa;ctum mmeﬁﬁdek%Bl%p%ﬁm fire of the

For 18varmianBiP S SoBBR YR itk Sebfcetes L osch: BB NSHERSCTeLTc 1 2
caused tsz:ldacwaiseus@ptcdhmmtameleweedccbmcﬁwnybtetwgerpmmBGA(sbbstmen 20C
and 50C such that the solder balls wl and wet the sol der pads

Fi nal | y,anhapyEormanents phached theralor dEl?e Bﬁa%msﬁbofi w@ sqlder ballstodhe
2Lk g oPha DbHETRES Pl (et by Blcohigpshel oy, = 4o
PRI CR AREflotve The diest dieplinvelvestherpicking ofsa anahbgoof solerheallsofrder ar ef | ow
{ypel”of SR BTN AAK Beh 2B 0e88 PREFHVER ORGP aUbih SRISESr | ow
ovens haystdtR®h the BGA substrate such that one solder ball is placed on each solder
pad. The second process involves the solder balls being melted and reflowed on
the solder pads of the substrate. The present invention is concerned in particular
with this second step.
25
The solder reflow step involves four well-defined phases: preheat, soak, reflow
(spike) and cooling. Firstly, in the preheat phase the solder balls are warmed to a
temperature that is just below the melting point of the solder. For example the
balls may be heated to about 30°C below a melting point of 183 °C. In the soak
30 phase, the flux that is used to adhere the solder balls to the solder pads is

activated to remove oxide on the pads, and the temperature of the substrate and



;15 used for carrying out solder ball reflow However, PCB reflowis a nore
conpl ex operation that requires as a result an oven that is larger, nore
_conpl ex and nore expensive than m ght e necessary for solder ball reflow
-alone. Furthernore it is not generally possible, or at |least is not easy,
to incorporate a PCB refl ow oven being used as a solder reflow oven into

t he smal thecsnigarbalimare showad datbegomemaia mpifasnandhgtabilizeds Buringdhis i s

t herefore need .f or Si lLaLi 0, I ef | ow
oven t nasodieerig; e BemPRyisSPERbE folfef Belitsarl iy akiRRle I8 B
SUMVARY &dnstiiit bNMiEYTIHNeZEE Alightlydiftgekamblebpratirmt20°av entthenefibwrer i s
provi ded a sol der reflow oven tfqor the processing of conponents bearing

sol der, eRk@riesiofythe dsmperatie is FFausedr tryingragse JapihenaRrd jexcsedathe oven,
a_Pr ecessiithSPARPRY HuthBLR HEh 804 SHRRINENS &ifesHANLRI hip! der
refl ow process| and’outpuf neans tor 3 I'schar gi ng conponents tromsaid
oven forw‘éuntr\]éesolﬂelocpagsi rFanally, hantllieihngolimg\thaeenme‘ ?blderal?jalfseandnm@ai d .
conponent s throu ai d processi ng chamber in 3 first direction towards
ol D out pihstia e laurdh D51 i B lomReGiHs vAARBlaW B HREGSPEARLPLIN Ty o
heating &8ider ot it A8 S8IRF LAINISSlidy!dhcPtreARAbH BroBbiC & ddmbilfe.f I T St

di rection, and erein sald transferring neans 1s adapted to nove said
conponents in said first direction in stages, with each conponent noving a
5 di st ance equal to the pitch bet\%@\[ﬁ%ﬁones in each stage, whereby the
conponents are noved from zone to i tages. According to anot her
aspect of the present invention there is provided a solder reflow oven for
t he processing of conponents bearing solder, conprising: input 10 neans for
i nt roducihg ohahtreflowt prosgssl in adalogousr e ths saldes Hefpwr ofvietastronithi ch

For i scRANBEnE"BofpSha i) SiBulReshl RS BRHERanERReS: St "
handl i ngovermnthavedsserf devélopadf Eonvegtiaeilly stehpRCBNiefiowWboesd haeebeen
processi ng chanber in a first direction towards_said out put neans, wherein

sai dSr oeead fercarRang oLt $8ldes bt irglew aHpwevar iRGB defloids ryoEmaoRSRX ng
, L : ; O . i d

b ook of CeaaBn el etirts s toctit dPGUert e i BR0er B ROny BRGSR

wher ei n eguingive tharomigitdle nacessaen formspldenizali efionoaiode dFurtharmenis isf or

heati ng said gas, and ch block of each sajd. coolin is _provided with
means T oROLaeNPRYY PLEaILr Slgashs Gl FaskclP FEORYEI A ¢BIRIAMAER o
ser pent i p&inghEehs BESNBENreTRMIoPEN IS tRE shifiStbriipactalth sbni&adht BBA

openi ng through which said gas is discharged fromsaid block towards a
conpithenmanBRaGterimgESTRCEss.Olhere TsiRhEr{oraNEs rneedAfore @b sthatke rsimple tans

ncoompandiayy S cB8: STREL I Sford MartareaR 5% Mithreled BUEFHER di ng
to an enhe@iuf@dtlriog pidseser esent 30 invention, Fig. 2 is a side view of the
enbodi nrent of Fig. 1,
SUMMARY OF THE INVENTION
25
According to the present invention there is provided a solder reflow oven for the
processing of components bearing solder, comprising: input means for
introducing components into said oven, a processing chamber within which said
components are subject to a solder reflow process, and output means for
30 discharging components from said oven for further processing or handling, and

means for transferring said components through said processing chamber in a



‘4 Fig. 3is a side view showing in nore detail the process chanber of the
oven of Fig. 1, Fig. 4 is a side view, show ng the heating and cooling zones
.of the process chanber of Fig. 3, 5 Fi:b. 5 is an end view of the heating
"zone, Fig. 6 is a top view of the heating zone show ng the routi ng and
distribu tes 7..1,S top view of the heating zane ng the
di st r1 buttstgTRetopaiRyaTp atait o@pll Ttk Ehetelf 1RAd  RigPafng TS ones
in one Ce&fn'p%éé‘ta' &Uvallﬁpoﬁh@atm% m%olt &%téﬁf'ﬁnqmﬂ\m%ﬁ@ bé\&htéﬁtnﬁch n-an
alternate configuration, shows a heatin ck in nore detail, Fig.
11 showsinsthedust ditediionc Rnd thaye@ siid transfesrng me@nsm adgptedotoamnove éwdof a

BGA manuf acturing syste c ratin refI w _oven_accordin

onbodr mohepEneRfa, Y R o oA A g Bt R s PR SheR g

EMBOY MEjEtdrices eqihaﬁ'f@' tRe SHitdH leevéatetabl z6hédiGh Lﬁaﬂ:rpfsta@esqhﬁefewefﬂé)w oven
in accordance with an enbodi nent of the present invention. The oven

conpr i sesomponapis argoneved from 2onextpzanaksstageser 2, and an output station
3. BGA substrates on which sol der balls have been pl aced enter the oven
through the input station 1, are subject to the refl ow process within
process ABeovdig %o anbtherraspedt pfithd prasenténwentionatheed ig pidvided & soldgt et e
through output 3. In this specification the term "process direction"” neans
t he di r etafloyn oven fenthe pracespingsefiearnpprants heaiing %qiéerwomwé% iBREkber

éﬁjrreﬁ{é%n%%ﬁ%tré&ﬁﬁq)gﬁwpkﬂén&ulln% Reid &t 4 P%Eéé'g%aql %%%rh%r Withjdi S

enbo e 1 nvent € oven conprises {lhnel s
4,4 t hathdH said rcei ppnemits anmsstqea tofa sulldet rdtowsptacebe ard outplit ondans
simultan ogi éﬁ However, the nber f tun? is not limted to two, and
in fact ahHeINeFRMPRARN 00%%’# hPYHEOT F@G@Wﬁﬂ?eﬁséngwé’é P9, Each
tunnel dafld kdridl for tfihsRiriRg AeRP Sorn PR t%rd@gr%aﬁugﬁécéé%ﬁ SEBE|n Of
heating zones and cooling zones In a manner to be descri be urt

det ai | balfoet difaction dowaids e4idi elgputl owdans, vheraim haldnpltdqtesplngc@mber ecti on

and e zones are se nst Ritch rovid W th
opeld e EoTEest B BERARE S heating AR R0RidMe. Bobed: whaidin 5H4R S Sk 6Fcen
these bl @ales . saldlené4tibiy zBhecisd adeRhr e6Ri WistikWof lidthaBarNebemmly ezohk igind t he
whol e oven is | ocated on a base. 5 As will be descrlbed in nore detail

bel ow, g8@NRRAIRd 48 Aisoue Af fiashedns. SWBBIRIN ieaght RlockofiRaskksaid, heatingr ng

t he heat| S r

cool ed b% Eel ng aw ggﬁnggpggﬁmﬁ%g dl’g?é %’Ea"gglgﬁgtdt'%&oﬁf Egﬁgglzd;nes.
Af t erV\/ardGoltdgE‘zgas it Spreyidedcivith mbanslgbr coolinglsaihigess amdl¥heesiat eactbet ween
adj acent zones. Gas frgmthe heat i n es is led throug

heat
e BiPChyis fermi Withh SPIENEB8I Mg NShhetYGRD $6 SONFEA R T8Sh S Sns gas
chanber & |ddutf st (ﬁéfmﬁq'ﬁfhfddgﬁt #ﬂ?&\t 'saﬂj é‘é@els' QisBhAN e frofh ST Bisdidi n

that functions to c air "and process gas fromthe first zone, and al so
pr event stoavards madorapenémtom ent eri ng t he oven. The gas curtain is connected
to a gas curtain 15 chanber 22. Gas is drawn through the control valves 5
and chanbers 8,9,22 by gas punp 10 connected to the chanbers by neans of

hoses 11. This arrangBRIEF PESCRIPTION OFSEIEIRAPINGGSI al | y cont am nat ed
gas is extracted properly, further nore the heated and cool ed gas do not

m x 24t i | they reach the gas punp, and this assists in preventing unwanted
flux Conﬂﬁnesr%bgi%ent of the invention will now be described by way of example and

with reference to the accompanying drawings, in which:

Fig. 1 is a top view of an oven according to an embodiment of the present
30 invention,

Fig. 2 is a side view of the embodiment of Fig. 1,



20 At the input station 1, two substrates are supplied at a time on input
platforns 12. Two substrates are noved by nmeans of input kickers 13,
_operated by kicker notors 14 through for exanple a belt and pulley system
to the positions shown in Fig. 1 such that a substrate is | ocated adjacent
the end of each tunnel 4,4' 25 read be nmoved al ong .t he tunnels for the
o | ow rBcads & PP SHOWIRG ihEsb Keleib e Biacess TatRespldBe AR Ghe
center of4the substrate lies on the axis of a tunnel. The manner in which

t he subst?atbs are noved through the process chanber 2 will now be

descri beflig. A0isEet sitdi migwalsbayingnttie theatisg) andi'coofing trenpsoafetie phagdssr, in
the direction of Envgnent of the substrates through the process chanber,
are provFRRPEEASTIGnS 6 wire assenblies 15 on which the substrates rest.
For exanpheseaaR dridWigl cgfquelp,@apf,?\ébqg,d W th six tension wires extending

al ong the“tunnel, though the exact nunmber nmay be varied as desired but
shoul d beignér s ahtop view of dbatheatmgozene sbawingh e ravting and distrimdionr om
each othqrggy the pitch of two zones of the 5 process chanber, are a

plural ity transfer pins 16. The transfer pins 16 are fixed to respective
t r ansf erFigodss & toptwew b theeRsatirig rored sHowingrthe Ristrisotrgiang panknglaeds, any
nunber of transfer rods may be provided. The transfer rods 17 may be noved
| at er al | §igaBahgwstibedaatingrandeoqlingrronesty onetqonfigueationod | i near mechani sm
18, d gheqtd f £ t: [ Je: by 10 neans of
at r@sf Ité' ' ?gg%p%ttg\r%yﬁe%glﬁﬁqus?n%l@g #ﬁ%@tlﬁgﬂzﬁféyﬁ?{gﬁrl{fquggaﬁ%gnd rotary
mechani shig. 16 ,sh8war® hpativg Brdkiin neorbaletaing | ocated at the end of the oven
adj acent _the inlet 1. The ]jinear and r tﬁry mechani sns 18,19 are driven by
respect i V8- fdshowsoz cogling Blogk dn moaﬁgﬁga',raaé rotary mechani sm 19 causes the
transf ergqi 16t ahe r h i i 4 i N4t xt end
t hr ough 'tzlﬁénl? e%s?o@abmﬁlg%a%ftsgngp?‘eg% tuf(f)é(g%@%%&? {oetr?ll iqﬁd) Pmlnphgyﬂégp\ép

par al | el oven ateordimgstiocan embedamseindfl thssnténtiand vi ce versa. Wen the
traniger pins 16 are in their first position (ie extending through the

tensin wire assenblies 15) novenent of the transfer rod 20 |inear

mechani sm 18 i npDHYAIREPE BESCRIFTIONOFPREFERAED EVBCARMEpOEr 2 causes
the transfer pins 16 to engage the substrates supported on the tension wre
assenblies 15 so as to nove themin the process direction (ie through the
tunnel s Er t N t t. f ins 16
are int @?ﬁséﬁdogdélg%\gfthégo‘r%?%gglérﬂgt}#’éﬂg#‘Fé[%@iﬂ; g%g]v%iok}?gdﬁlaq%%ggda chani sm
18 in t hgitRSanligrabbdinterappotid @réserithiaventioresThdi o\ast icompeides esn tinputpi ns 16
to return without engaging the substrates. The cycle of operation of the

t r ari¥ erSttigR 1 @ mrﬁewq)@%aar@&ri%e@?d 75 pEipul stalion SaBGArsyhstiatas oy e in

Cheir fi L . . t . o
assenl | YOCPESL 0NS RoVE Keen Pt Epieiink BRHLoNh IRTRRRE st ot 31
causes tae subject terthpi neflowdrooesowithinhgrosebs ichatrieer i2) anldeaneraudpasfrdnr ect i on

for a di stange equal .to th iptch in the process dir.ection, of, two
ad] acent NECHRIT ASt FRIGHY is. Cormplate varoh, outlt 3y VR sPeqcRAmING t85Bhani sm
19 is thepogesy alrstid? mebAtahb @irddtidRsdériral@doflihes SGbstidtas thRfuighl the 16 are
in their second position and no | onger extend through the tension wre

assé&dbl i process chambgadewands the auputrsiation. Itrshould begtated friom EiD. ddpat inen be

of tao oBieemngineAES, e hyehas TR olBTLAMATERS Rubaud B otk i 1ot
posi ti onthay dlidey réfaef e twe detoictr subsrehedits bd Tathed Ml diRviItaRebaslyon may
begin again. It will be understood that in the manner the substrates may be

noved st EpWRNEE themilaper dltupnsliscisshaidimitrd totwmeand inytaed it:garbe imere

Referri 0 L i St t Qe t | 5. .4, 4" of
the. pr ocel” Mo duhof gt SSRRREEL 1S igtehafy tractl tufihel 23 R Pehe (oo
tunrdd s pgrotessichanbntd sadiviaied iotd ¥ nontberasfdredtinghmndssatd beslingThendgunnel
conprises a 15 nunber of zopes &{n this ex?nple ei.ght zones are provided)
of equal N 8AGRANENH1Q he federded i futhergietall tosjpw) Egeh zane: s ebifantisal ¢ he
previ ous description of the novenent of the substrates through the process
chanber that each substrate spends an identical period of tinme stopped at
each zone in turn. A nunber of the zones will be allocated as heating
zones, and the remainder will be used as 20 cooling zones. The nunber of
heati ng zones and the nunber of cooling zones nay be chosen as desired, and
since the substrates spend the same anount of tinme at each zone, the ratio
of heating zones to cooling zones wll reflect the tine that the substrates
are to be heated as opposed to being cooled. In this enbodi nent zones 1 to
6 are heating zones, while zones 7 and 8 are cooling 25 zones. The
tenperature at different heating zones may be the sane, but may also differ

g, o o o o Y b1 o,



Each zone, whether a heating zone or a cooling zone, is conprised of upper
and 30 | ower bl ocks of approximtely the sanme size. A narrow gap is defined
_between the upper and | ower bl ocks of %each zone and the substrates pass
-through this 8 gap on the tension wire assenblies 15. As will be
described in nore detail below, both the heating zon and the copl.ing
zones arlENgUHB EPTACERS 4TGRO 8B ihe FB5ER 267 SEPRIAIEPY(HEORHABLRKC b
heating gL£98hLNY rfr8§i9§8tWirr?|u§BeI ?nﬁgbﬁeﬁ BRtafy i ubsiysasi 4R fresh
nitrogen or air is constantly ppl1ed rat her than being recirculated in
or der t ocawseddtocpassbetvederthgseobloeks , The tovesrabiptles e xecaiveld mathin an,

within the process ch er,. Al thou fresh S is supplied, the overal
consunpt?’bﬂgﬁfreéﬂs qr@atﬁgtwhfg%é’ygﬁﬂg%aiﬁ‘gﬂ%%%% a conventional oven using
reci mcul ati on because of the overall heating and cooling efficiency of the
present enbodi ment of the invention. 10 The structure of the heating and
cool i ng Asnds beglasicobadiim mrirgsdetail halows gasi spchuass asves nitiegen isosunplied si de

tool | ng Do tatio fe” Torhil, 1 hedind st &% 7 e 5RBSS s ekt g o
zones, ap@pastivdly Wehted er e86led beRotd beifgohppidd 't deBGA Riisiaté Paksinge 15

heating and cooli1ng zones are substantially identical except for the
provi si othredghdhe i zanes Aftetnards, theasein isxljagtedethrough \gantrahevalvase Sst ood

sondd Pasiear peftf Bl Bn S0 daeP hisf S e 2ofeR. KOISHfrdlid (00,
bl ocks hhestinggas ahambler Bciviile gasitbn tiske edolimy rendsyistlee throngh aacsblingwer

bl ocks of any one zone will b h@gt%d %or cool.ed as, 28 t he case, be) to
the samed2®rharbelrs Indrent ¢fe EANNY ZRBSUD RIPVIHPE & 9afi qurtal that
descri be I i Sirf f £ eryal uting
pl at e 40ﬂ1n§ﬁgﬁ$it€u®;ﬁgﬁf %Iraét}{ad@go%%a %gphﬁﬁgrs‘g&%ﬁ \ré t%ngjt 9%2 uexgé&w th

t he paneéxtptrl @irddorneentgrindy éhe2bven.akhe gal$ audain is lcongagteddoveegas thdainl ocks.

Th | at f d | I tact d f f ial of
I3 PLof R, BT S T B S SaB L AT e BU 2SS, ©
" egar dedyas @ihobaonGohestdds tanealchinigits SBemcarBebR ks The FaKer

plate 307"1Is formed with a nunber of inlets 31 (three in this exanple) for
connect i agangernent soguss tfatgised Tnd pajentially pontaminatedngas fe estyacte

di stribugi I e, f i r,of .c ngd condui ts
that i | P lies 2udiertnsgidiity Ak bR BRS et IR SR e T
to formg@sﬁump, antl thisaysiifts gapreveating sindiantdbfl@gedondernidatiopur f ace of a
substrate though a nunber of apertures 61 forned in the panel plate 60 that
ext &% parallel to the process direction and facing the substrate as it
passes t b ] : A | so be
ot cod AhOEARLLSaRER 1, RieEhshols HRSLEAREY pE X bR T patiiHns 12,

ext endi nfjwonsubsiiates tarenmaved i mphmeangl ef irtput t kiekegrs otk sepefatast biyokickém t he

heati ng zones se bores 51 are used tp receive heating el ements that
cerve LoLare 14EGugR e ramBl e Rt pHERC e T i pErEERE SRR be
used forint PRy PASGEWEhAY a SADLirBE VRldRatéP adfackht BRPentN6r 8aéh tirfel 4\@et her
for heating or cooling, is renoved after being applied to the substrates 10

by @®ansresidytal beemoyedrjeng thetitnnsisfos doe reflow podcessn by this pesitionwanhy

the uni rorage 8 BeRBREs@ hdtifle sRLIEREY St Sy e RS AR oA R BN ros
61 are spheedamerainpivhieh thBajubistrated avel melvigd IiRiugh thayprabess chaimdet@ MM to
avoi d any _dead area that has no or only little gas flow 15 Turning now to

Fig. 6 tWilkhawbgsdaschibgli ng zone in section at the junction between the
routing 40 and distributing 50 plates. Both plates are fornmed with
serpentine channels 41,52 that formconduits for the flow of gas. In Fig. 6
t he 3thanBriendiy biomedach tuheelr 4)4 iofgthpl poeedd chaenisdrpum the dimddtidnl ohes,
while the 20 chan?els 5% i tqg di?{ributing pgat 50 bel ow are shown in
broken | M¥EMert Of thgsuRgiratestBroushy kiecprpessy £8amogm 2MigeProyidsd tengiad 30 at
three inlets 42 | ocated hal fway along the plate. Each inlet 42 is connected
to channel 41 that |eads the gas along the length of the plate (ie right
angle to the process direction) to the end, and then back along the entire
|l ength of the plate in a opposite direction, 25 and then back for half the
| ength of the plate in a direction at right angle to the process direction
to an intersection 43 between the routing plate 40 and the distributing
plate 50 that is adjacent the inlet 42 fromthe cover plate 30. The
function of these channels 41 fornmed in the routing plate 40 is to give the
gas (which is received at an anbient tenperature) tinme to heat up to a
tenperature



-30 close to the tenperature of the plates. Because this warm ng of the gas
i's not 10 essential in the cooling zones, the routing plate can be
‘onitted in the cooling zones. As can e seen fromFig. 7, the three
intersections 43 fromthe routing plate 40 to 5 the distributing plate 50
connect to three serpentine channels 52 forned in the distributing plate
50. Eachwisegseamblies dibaanavhic the, suhstratestresh iarfyapirle cash uanebayd of
three s [ di. Yol r [ '

contral 5 PAMEX VRCHRERRD AR Uidtindieh bigRolBIERRG TN Bk ol ¢
two connewhbag sy bé aasied Qeedesiréd ®ut shoeldt be gngrer thiaantevd. 3 ocatetedloay one

end of the 10 distributing plate 50, the other is forned at the other end
of the ofagh fuhinel Ayt pang ePgeed fram;eacs, bef ibynthgapitchyaf twe zopgsidfthgl ate 40

connect s\ the mifdyP [ I | YACHH [ f al ong
t he ?ent?ﬁcggsecciﬁgon of %F(%]e:ﬁ E%ﬁ%@gpﬁ ntég%f{gi\ qu gg Wgntl&ée&gr%? ip?gshggaél“%yto
Fig. 7, fixedmd fespecteetransfer rods 10 dworfgs e@thitanhéled fanehispémbedderitor t he

di schar of gas to the rface of the substr.at tend at right angles to
the. ser HORUPRGVHAABRE O Fanierads MaBe AreViAFtul PRy 3o d o8, | iy
openi ”gsbélmb()ela& hl%té?ﬁﬂ‘;‘?!a(aIth?‘ttﬁlefékéé‘dotaﬂ{é’ﬁﬁnﬁéﬁgsb?_”é'lf'f‘érhéfeF hedf lihdéa dth

of the panel plate 60 | parallel to the process direction) and at every
poi nt 62mekbarisond 8pfandhthe2 ravptenineds B4 nhay thieerqiaiedl abbualt thedOases! byn out er

sectjon of the serpentine channel 52 in e-distributing.plate jntersect,
116k erDEabF o ¥ EBRD Rt SPRN Mnshaals™ I 87 Thk et 1P ulraliand MEhanne s
52 in thaedhahishizutBN® Bleprovided dntdhoRBRIY REAtL at Ahé EhdPahehe Rhvehe 60.
As gas enters the serPentl ne channels 52 fornmed in the distributing plate
50 at a @dpaenthihe welgt dI ohite dinear angt rotary mmha@mnﬁew,,wh@regdsvem%%

al | owed ' t yrections fromthe intersection 43 with the
routing '%I%g%é%h%&gh%v&ghby the dark 53 and light 54 arrows in Fig. 7. Gas
is discharged fromeach of the intersections 62 between the serpentine

channel 52 of the distributing plate 50 and the openings 61 in the panel

pl at!® eolhadrangfer rog rpta%éﬂss'm@énhﬂ@dcams thee tignsterupiasoi 6 ttrerafale

di schar f oh i | W t r r s QPepNgs i s
from tnetTord S fioRP L WeRiph I wfch Bhey | SfehlRIQ Y EGicp i

di stri buasseynipliest, éo AGrosiiammeinevhicbhdoeyware paallél tovtke ftension mere assensiglissi on i n
both dirgections .53,54) t i nt rsicti ens 62 between fhe ﬁer penti ne channel
52 and the BPEnY'Ags’¥32 1 r M he 9SSl BNE 60 2P rﬁtrp%ﬁﬁ'oo{béﬁt .
pairs, aadehBRgANFORIIEIHE RhadFewire UESERDIIES 1S FeGIdrRentdst theltharaféM@dr out i ng
plate 40 to the intersections 62 with the panel plate 60 is al vva%s t he
sanm20 Aslingarexgeharisaf 18hinsthecpragessrdiretionstbeouain the phecedscaidmbenid t he

st he. peie! i Bahstet PRt Oh Yhaat T, bR Poafe fsR 1 RIS ec' on
of the dairk avseasiesartlso e tef mosetthemginsther grosuss dirbctidn $iethraughnine be
weak), it is a jacggat to 10 intersection B which is onI?/?rth_e second,

i nt er sectnBRls Baehine et hdowads: thapytieti h- v¥eerjithe dainsieraing 18 areyin
arrows ( QERHS 1 QAas A i . d high) .
This is t{%%gr case f%ér%q?% nmﬁ&?@%hfe%?ﬁé grfaW'ts eler rsagrliglgﬁ%)mée&{cﬁénﬁr‘le &s/'rgg@&ch
pai 25f dineatiodecppasite B2the proamse difectibe causesribe s d6 tohetpaneithpuiat e 60
w Il have one i nﬁgjersgcti on with relatively weak gas pressure, and one with
15 rel at?'mq)n%tt %ﬁ'cj @té%teﬁr essure. The exception to this of course is the
panel plate opening 61 that intersects the serpentine channel 52 on the

same line as the three intersections 43 between the serpentine channels and
t he routThg qycle: ef operatioasef thet tsarsfer pinsswilheowibg dasedethdlhbagin thee gas

pressures_are. equ The gffect. of .Lhis arr enent of . channel s, and

it or sectranier P e al et fosioh i AR RelEM o S 6P 1 s 10
prowgode wire exssenbliesunsl @parbtion off theagapyfer robieliradrf meehahisth J8bfigmt e as
is possible. It will be understood that the abovedescribed enbodi nent of

t he presedisasniferirarsieppinsi et Bayei therswbsatason the Arpeesotirgetianetorgas to
enabl e reliable even 25 convection heating of a substrate. In addition,
however, further heating effect is obtained by radiation heating fromthe
panel plate 60. The |lower surface of the panel plate 60 (ie facing the
substrate) is substantially a flat surface and because the openings 61 do

not forma substantial part of the surface area, the radiation heat emtted
fromthe panel plate 60 is also very uniform 30



12 Referring to Figs.8 and 9, a possible enbodinment is shown in which in
order to prevent the gas flows in adjacent zones frominterfering with each
“other, shutters 70 are provided betweé&nh zones which may be noved between a
-position shown in Fig. 8 in which they separate two adjacent zones from
each other, and a 5t805iti_on_as shown in Fig. 9 in which they are tﬂgVEd to

al | ow sudistansecaquad tgdhe piteh fn the groraskedirediony weaadiaesntannesedf theones

. ) . _ h

are ber voRess oARRiter S TRY pensiof rpkforayRBLharitnt 19 1 theh Rl el on

of the biotstestheftramefehesd NAEULB that the pidp thdre dotheigsddorgl pddition andes.

Whereas in the main enbodi nent. a single s,ugplgé5 as is divided into three
a

of
parts bef@rlonger rxtentpihrewdh dhente r Wi 936'?'9% thdOvEP9age dheof
Fi gs.s 10 t r ryeyd p ith
e P ov el T R R e Aoy Ly e e PR
t hr ee sewiecbasis68 1Bytheadistanéd oftbl pitcht ofetrsch zanes, ard they traadfer pins 18 t hr ee

sub- zones ich e controlled independently. Ln rticul ar dif.ferent
gas 11 oviieaned Totgierdsatcio hgl st REFE Bl 105 ensid BaAJse fpetanis
particul #9ky tHaehel ofe?btibr Aty 158418 bl t Wil &efufddstoo8dhanm the rh&sner
substrate nmay be cool er than ot hers because of receiving | ess radiation
heat t huther egbstratag meayihe onevedgateprwise thsougit teaqrocess cbamberi2 oneeat i ng.
20 maj or ant age of the solder reflow of the present invention is
thatqblet ﬁé{’f B@gé 5§ y incorporated into a BGA manufacturing process. An
exanple of this will now be described with reference to Fig. 12. Fig. 12

shows a part of a production process conprising a ball placenent station
100, sol Beferriag Insw 49 drig28dhe gangral sthactarsp of ae af e el Adt efstheodul e
400. At [ R tald o] t

substrat %%%Sgélér? agkn@é}knov&q bﬁaﬁégﬁﬁgﬁdltgﬁg Ht%ghaeln%s/cgoc?o tt‘(@a‘igﬁegﬂlg tg‘f\ ntgﬁg bal |
pl acenend,4s aae iidentfaad mndhemlyg dnecpeedse torbeedkdcaibedallhg tuaneheonnppsés a

ositions of the two tunnels of the reflow oven 200 he trates then
Pas<ld hr Bughel AE2PUFs UL o5 StoRipio Satt Z00ES Af PP AR Aol RDaBLE
station §%cfe§9”8|imﬁfoﬁ. UD&YiIl 8 UnbdPstHEd Medin! ﬂfFeeﬁo?é\}idué Qie%cﬁt:ﬁ&?edf #$@0. The

structure of the output station is simlar to the input station. Processed
subst r at eovament af cthecsubstretes tryoughdhe imneess ghamber thateeaste substrateout put

| at f f whi ch. , h l. Ki gk dri
Bya i crsdioedacittic RéndY BLR RMER st Epal 2BHeuEhund Adp PR Bt por ¢
nmechani sppifds Wil bealRodateg &S hehting rzenesoahdnihehamhairtef wilhder aéé@wsoven.
It will be seen that_in the cleaner, the 5 substrates are noved in a

di r && i ofohsozones. t the REMher &fthediings zonaseanth the Muphersefeadlingezonas t he
. Th I t put
ot at§ onoMaYATE GBS a8 deltRl-En® Shite il Qlrealits ShERT e Sk itbudnsy P11 2"

manner stimel &tredob zdree, dve nateondf Iseatingazdnesatoecanting doaks gl réfiect treatimre  f or
exanpl e transfer nmechanis 7. 10, After the cleaning process is, .

compl et et Hbes BaRsERIES  Sieo 4 hen NRGHFEL B8aPBPATTY TBrPaa POl hiscess
modul e WaRiRRA¥NCSSHESY f&étﬁérhé&tﬂgﬁdﬁlmbé Bénda T il 80l pSifiy as the

singulation of_the substrate into in BGA packages. It s be
not 6tb hezeneshathevtemperatusubt diffgrest heating:izages maans berthedsarsepbutveay

ranst or g IHEEHEPRRAUR pfiofbethf aBat O Redtheed e patt §h i, Pecigh
whi ch t hgeatifipphaée sf thecrefovastosksd)icr théepikeqsteie siithaheflowiprodess, ef | ow

oven and also within the cleaner. 20 The oven of preferred enbodi nents of
the present invention is relatively small and conpact in conparison with

conventi n i, t 1l i i j ust
ol ght | y2REh ZBHE e FEthd tdt Br b BBy 2635 & Pafad o Uk e
exargl e kesarblbeks abapproxinbtely e sameesige. Amarrow|dapl Badefinedabetageroxi mat e
size for the oven of about 1.5min the process 25 direction by 0.9min the
di r ect i ofhSEPRRMANE UPWET DIPOKR O RasteseNg R dNEoHIDSTIRteSs paR dhesghdbisur abl v
wi th conventional PCB ovens which may be up to 4min | ength. 14 CLAI M5 1.
A sol der reflow oven for the processing of conponents bearing solder, 5
conprising: input neans for introducing conponents into said oven, a



-processi ng chanber within which said conponents are subject to a sol der
refl ow process, and output neans for discharging conponents from said oven
_for further processing or handling, arftl means for transferri ng said
-conponents through said processing chanber in a first direction towards 10

sai d out put ng, wherein sai rogessi ng chanber conprises a.plurality of
neati ng GHRIOBIBF teRF Doneis arsempyls i i Wi QPSioos Panore deRuDeIagy

di rect i ogotnafik ‘N'é%ﬁﬁ!l; Nzl ahbiafhel @0biifly 26Pa8sares sAPpR L Wit 21948 @y d
conponents in saird ffrst direction in stages, with each conponént noving a
di st ancenitggah bo aihefqi theh murposenoft Weatingesr icooling respagiivell.5 Imitbiseby t he
conponents . are noved, from zane to ,zone in stages. 2. A.solder. refl ow oven
e )t nRbOHTEPE: i NeDIeCAT AR OmGSeR 87 a5 et e RReECr T pu
means; | nth%nssgiggdre@ireaﬁtéd)ﬁh Reddrerd besidagoritamiitibr pfaies! esit éRamprnd

wherein said nponents are discharged from said 20 out put neans in said

second dflwecondensagionavgthinidhe peptess ehambers Althaugbdiresh gasgiigsupaliedei n

sai d progessi h . Lses el i in.,said
iret o TectoA! CaRERbuPE OP bR B s Fulet e M ER b B B5T g
zones. 2fsiAg récholidton tricaye ®f ehe asvethiineating rand aooling effitigricy ofothe
tension wire assenbly for supporting said conponents in said processing
chanber . present egbgdiment oldhediantios. cl ained in claim 4 wherein said
tranﬁer means 30 conprises a plurality of transfer pins arranged in said
first direction spaced apart by the pitch of said zones, wherein neans are
provi dedTherstrucfireraithe thesting drichosdlig rones iseshuseniraFigst dtambsi Figod i n
whi ch they extend through said tension w Le assenbllhéqto engag&gsai d
conmponen$ROWH reeZGRIN RS Viewh ThesgrArerhs 4ast WOohRFtENg ZRNRS (B9 FRAeSso

ext end, er el : i r i i i I; i irst
G r oot of e e TRl 2oplify PORY (6G2oh@T)PIY SbiiliclaRidht ViByidt dh | (1
posi t i onof thechéatingaoriasg asdias$ ipimilkbé sean dione the tollowin deseriptonsthatitHe r st
directio hen sgid pins are in their second position, . 6., A solder reflow
vt Redlibant coohnd zciles At S btantry deaftel sxeRlt 1 e Bubindlt o at

| east ongehtiR)elePierit®th tRNAeANRY LorbdRANN LR @nd¥reidddefat Pig. Btistrelesghtl rod
so as to nove the pins between said first and second positlons, and wherein

means ar® fheowqaling zonesaas yeb esite tbaihgating zansagh dahermeredt wili besetesh by an

amount _egual c0athige Ml B BEINPRIG W5 e ind SRk LRCHRE! MU MRS

cl ai med er ei’neach sai eating zone and each sal 0ol ng

zone conpoimsslly thepgperrzhd lower bldoks lof angruthevdtareewill Issahdatedn(ppoooled & €
transferred in said first direction between
20 the case may be) to the same temperature, and therefore only the upper blocks

will be described.

Each block is formed of four plates: a cover plate 30, routing plate 40, distribution
plate 50 and panel plate 60 in that sequence with the panel plate 60 being the
25 plate adjacent the gap between the blocks. These plates are formed in close
contact and are formed of a material of good thermal conductivity (such as a
metal) so that the plates may be regarded as all being at substantially the same
temperature. The cover plate 30 is formed with a number of inlets 31 (three in
this example) for connecting with a source of gas. The routing plate 40 and the
30 distributing plate 50 are formed with a number of channels and conduits that will

be described in more detail below, but the function of which is to form an even



-said upper and | ower blocks. 20 8. A solder reflow oven as clained in claim
7 wherein each said bl ock of each said heating zone and each said bl ock of
~each said cooling zone is connected t® a source of fresh gas, and wherein
-each bl ock of each said heating zone is provided with neans for heating
sai d gas each

an bl ock of each said cooli zone i s provided wth _neans
for coolflomgogaaa thak!s g‘ﬁc'@?fgﬁgst&l srswﬁameovf g\;’gﬁsggtecthg oﬁi“h'”tqeéi% 7

wher ei n £ach 8L gﬂg{éméggﬁm WahB @|asr§§%étn&$pgﬂa§g||§efgg§@ g&gjeglssour ce

of fresh'gas an t one opening through I schar ged
f r om saidirdgtionkamnd\iacidg thecsulpsirstatas #0passes Hrough stbedgap eftiveen dhien as

| ai med i laim9 I n said block is vided with plurality of said
opent ngsihsTand loahkipdis o G1Eae i nefoskl Dt e pards B are oranetidBy i on
and eachngadisribufihg (Ra1R050 WEBkkiNG LR £ difesticPad righe Aingfes B e gébée%%der
reflow oven as clalfmed in claim9 wherein said slFots are spaced from each

ot her bydigectionstlanthepheatingitzaneghthesagberest 61t are Usedt todreceive deating. A

as clained,in claim ei n.three cr}ﬁnnels ars,llo

Formed HarmBS 17 e GulieR ahg easalilip ife GoBibd ehes HRSF by,
di schar gaapnesi R@sl- fok3theApassatRy of eddoling Ovateraso @satdmedol theélgsmGagiher ei n
three channels are fornmed each connected to a separate source of fresh gas
and | eadViethes fasheating ar eoglingugs remoyed @fter keing epplied to the spbsibaiesr
L K Dy TR sr T heERR, DS ihes e bty
described. The openings 61 are formed with a V-shaped groove to maximize the
uniformity of the gas flow discharged from the openings. The openings 61 are
spaced by a pitch that is relatively small, say about 5 to 10 mm, to avoid any
dead area that has no or only little gas flow.
15
Turning now to Fig. 6 this shows a heating zone in section at the junction
between the routing 40 and distributing 50 plates. Both plates are formed with
serpentine channels 41,52 that form conduits for the flow of gas. In Fig. 6 the
channels 41 formed in the routing plate 40 are shown in solid lines, while the
20 channels 52 in the distributing plate 50 below are shown in broken lines. The
routing plate 40 receives gas from the cover plate 30 at three inlets 42 located
halfway along the plate. Each inlet 42 is connected to channel 41 that leads the
gas along the length of the plate (ie right angle to the process direction) to the
end, and then back along the entire length of the plate in a opposite direction,
25 and then back for half the length of the plate in a direction at right angle to the
process direction to an intersection 43 between the routing plate 40 and the
distributing plate 50 that is adjacent the inlet 42 from the cover plate 30. The
function of these channels 41 formed in the routing plate 40 is to give the gas
(which is received at an ambient temperature) time to heat up to a temperature

30 close to the temperature of the plates. Because this warming of the gas is not



.20 15. A solder reflow oven as clainmed in claim9 wherein each said bl ock
conprises a plurality of plates and wherein said serpentine channel
_conprises a channel formed in at | eastOone of said pl ates. 16. A sol der
refl ow oven as clainmed in claim15 wherein a said block of a 25 heating

zone conpri ses a first plat ornmed with at |east one iplet fo
recei vi SPPH@'n"'bﬁie cpaing, ZRe%n ep'ioé{t'é‘gf‘g?f?eﬂawl?% og"ﬁﬁ%dﬂéﬁec‘iﬂﬂjfggt ed to
said inl f said first plate, said channel extending in the plane of said

second plate and leading to an outlet fromsaid second plate, 17 (c) a
third plate forned with at | east one heating el ement and wth at |east one

ti | d
el g prk FAR ASFaN EOItRaliths teedufitrSlons s ¥ GerBurte PREAD Bor ned
Wi thsa pthurazlsﬂnbm.ﬁé mmgsmanﬁ@ét & G é@rsarﬁ&tﬁeh@@érﬁfélgga foﬁn@dﬁaltﬂe

conponent, sai d openin bei ng connected to said plurality of outlets from
sai d t hidistriputing plate. 50 Eachiserpeasttinevchannel £2 i tiendistiibutigaplata §0viser ei n

sai d at east er in e [ sai d c ri ses
Shr ee- ol ORDRN S 1HreE SRS &R balriidudroios Mt pidbel® Hiettnc B! 1o
connect egkrifal fethesd , theswl sbbﬁor@@ﬁdnﬁé@‘(ed tohihedtwad o@@erdsétﬁltirisobﬁ twei ng
connected at the other end, wherein sajd outlet from said second fﬁl ate

connect scqmaept@gmr&@?qaéme RE thehgpmrecting rerensis faravas)abpos @ndefdhgecond
SeCHbOWd.@f?‘%gY}ﬁg FatB 'tH WP 89 rr{néa’@t%ﬁ’é gtrfeﬁ gf‘&f 02 &Qﬁfwﬁhg%ﬁ\ SfOV med

at regular & va on sai I'rst Sections ol der
reflow o3@nTies mleaaemdnitrs frbm thelrbutingr slate #40e cdhsedtarwith tpesengstiheom sai d
fourth pI ate comnprise slots that exﬁ1 d ge end| cular to said segtlons of
sai d ser@ERYy é@tﬁnﬁeﬂ“rlﬂ“%at t Isi GHWP oRad theh L) LBIPNoREMNNRgSs from
said thi ted at the intersections of said sections and said
sl ots. %é?p%h ﬁéﬁrr‘%alﬁzgw oven as clainmed in claim15 wherein a said bl ock
of a cooling zone conprises: 25 (a) a first plate formed with at | east one

:c Ploﬁ] s];lolée{gnﬁrgé gbg&g@ﬁ&%ﬁnu ég gegn ?ﬁ&t‘%ﬁe o%le%}negscé)’{] in t%teepdamt ?p%rt]e %Bt et

for the discharge of gas to the surface of the substrate extend at right angles to
the serpentine channels 52 formed in the distributing plate 50. The openings 61
in the panel plate extend across substantially the full width of the panel plate 60
(ie parallel to the process direction) and at every point 62 where one of the

20 openings 61 in the panel plate 60 and an outer section of the serpentine channel
52 in the distributing plate intersect, an intersection is formed allowing gas to flow
from the serpentine channels 52 in the distributing plate 50 to the openings 61 in
the panel plate 60. As gas enters the serpentine channels 52 formed in the
distributing plate 50 at a point halfway along the length of that channel, the gas is

25 allowed to flow in both directions from the intersection 43 with the routing plate
40 as shown by the dark 53 and light 54 arrows in Fig. 7.

Gas is discharged from each of the intersections 62 between the serpentine
channel 52 of the distributing plate 50 and the openings 61 in the panel plate 60,
30 but it will be appreciated that the pressure of the gas discharged from the
openings will be less the further away the openings is from the intersection 43



~formed with at | east one cooling neans and with at | east one serpentine
channel connected to said first plate and being provided with a plurality
of outlets, and 18 (c) a third plat® forned with a plurality of openings
for discharging cooled gas to a said conponent, said openings being

connected to said plurality of qutlets.fromsajd second plate. 5 20. A
sol der m&Sween H%FFPL&@Q&'QK%@WE "B‘PQ!SZH"M'WPE% ﬁa-s'gPWeé I PEGRYSG QRS

ser pent i, CHGANRE iﬁ%rréﬁ‘%iidnﬁngﬁigﬁ dRBERIE 9’5:’5‘4?ttft%fﬁ?éﬂs%@ﬁoﬁé‘é?%g%@éﬁat €

sections, a first and a secon sal d sections belng connected at one end,
and t he tbesmnpertine ahahheld 53f arxhitide speningss 6hefrom tenpaoekdlade Ghearet her
end, Wm?rei n, sai out{et. frona first,plate,connect

i cﬂ@

. ai d st W tP szii d @*(1)
ser pent ﬂ'?;m%q\é{hﬁ 1ac&i" Ba%i MY MRS 28f aBge from (g intesection 3a‘f‘f wher ei n
sai d50pgpé rag&tirfq plEe %‘M&ﬁ%ﬁﬁfﬁrb@&icﬁﬁ%@@\)ith%? dﬁeér?ferr@@atéted RIMIWAYs ithé er val s

along said firs third sections. . A'so refl ow oven as clainmed in

cl ai m 2Ganesr Asnanhexainptehaf gthisl Sconsidén dntefsestiopaAd thati leadpl fiom dbepri se

sl ots that, .extend, per dicular to said section f_sai.d serpent.i channel
o “sai o LeuBilig P B The, fte by dSisiEhm 35 peBRT ofita Blfeldt BiSs e o

| ocat ed RinuttiRateninésreeétidrd RSacHedsBy heé gabi flwing A théidireetion of 1R ditk A

sol der reflow oven as clained in claim1 conprising separation nenbers for

separ at iafpvesa{andibeeefore the gas AressHEs at this paintwilklee weak) disAdiace tel ai med

pos i o e Mg & S HEL T BIERRA RAReAt Pt T

whi ch t kg direztionvefdthawightt arralvs qand Heericeatnef gas Pressurp drerat willbstiiveen
zones. 24. A solder refl ow oven ?s EI aimed in claim1l wherein neans are
provi dedefgvely Hghl i Tiis the easefqy theyole dangthpfthgsiaigenting eRarpelg ool ed
respect igeel O i | f [ | | nt, and
wher ei n snégagnas&aeéalpgf ?ﬁf?ﬁ%&“? ﬁ? @x\ﬂﬂzgp i%ncggtggi égrﬁrggsté? '? Zorfsltﬁﬁg)ag%ga Eﬂg been
appl i ed 60 Wil haveadnk ddersaction, witlairdlabixely aweak gasepressacerpandsiong witbont r ol

g S R B Ak PR BBl P oo, e LR B 0
heat i ng gpnffy 8fctha®Merdetds tie BefbEtiPRr chainel 52 on the same line as the
three intersections 43 between the serpentine channels and the routing plate. At
these intersections the distances and hence the gas pressures are equal. The
effect of this arrangement of channels and intersections in the cover, routing,
20 distributing and panel plate is to provide as even and uniform flow of gas over the

surface of a substrate as is possible.

It will be understood that the abovedescribed embodiment of the present
invention provides a uniform controlled flow of heated gas to enable reliable even

25 convection heating of a substrate. In addition, however, further heating effect is
obtained by radiation heating from the panel plate 60. The lower surface of the
panel plate 60 (ie facing the substrate) is substantially a flat surface and because
the openings 61 do not form a substantial part of the surface area, the radiation
heat emitted from the panel plate 60 is also very uniform.

30



‘recei ving heating gas, and the said control valves associated with cooling
zones are connected to a chanber for receiving cooling gas. 26. A sol der
reflow oven as claimed in claim25 whtdein a gas curtain 10 connected to a
-gas curtain chanber is provided in front of the first zone. 27. A sol der

cool ?Wgovegrr%?égb?gw@sél i PaPble AMBRTERAL BN M LB o a
singl e Whe % s h 805685 SRR YRR gy D50 SR K ers
ar | er, or

conpone s onprising: 1 nput i ntroduci ng
conponemGarenprovided] beiw.aan zorpafsmvb&:bl mgy tleanbeed bethéen atpaditicaasiiown
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processing ¢ in a first direction towards sai d out put neans, wher ei n
sai d pr dowsdemed diedwisen zangs: | Betwegnpadipgent gooes mamnw@ddsummmng zones,

each saiiorbers k] SLAPRAnE Rk eE PheltodPFe BBAEBRBR "whorcin

each bl ock of each said heating zone is provided with means for heating
said gas, and each bl ock of each said cooling zone is provided wth neans

for coolfigg Expadddsshawfnibes ariatieas AnEhe desigs @fdhﬁ\@dpwstﬁthe%ﬁbégt i ne

chagpesa?ﬁ wﬁ@%ns%aé%ﬂdl s@i «gdzfop(rég?n\/\ggeﬁgggl ocC tnowar gﬁp 8 ougg

29. A scﬁumny oehhove dwaiedamt@ tixriesgshrisbefose ety srdrmrrleldmostaecwvbﬁ@l@tes
provi ded with a plurali tfl of sgind ﬁgpenl ngs in the formof slots extending
paral | el 3q.gnoihecvaniaton ef Fgst i 1ohandd ol MR BOHERR LT GATEWRPEN a

\s’;.sﬂaﬁf trg{?igggrlgacrﬁwgﬁ théir SUrPEENtF &IV, Bifithedote IEBAnkNpRltéhiBPBeWher i n

divided |nto three sections 63 by walls 64 such that each zone is divided into

15 three sub-zones which may be controlled independently. In particular different
gas flow rates may be provided in each sub-zone. This possibility is particularly
useful for large substrates where some regions of the substrate may be cooler
than others because of receiving less radiation heat thus requiring additional gas
flow to increase the convection heating.

20
One major advantage of the solder reflow of the present invention is that it may
be easily incorporated into a BGA manufacturing process. An example of this will
now be described with reference to Fig. 12. Fig. 12 shows a part of a production
process comprising a ball placement station 100, solder reflow oven 200, cleaner

25 300, and a further process module 400. At the ball placement station solder balls
are placed on the BGA substrate 101 in any known manner and are then moved
to an end of the ball placement station from where they are moved laterally to the
input positions of the two tunnels of the reflow oven 200. The substrates then
pass through the reflow oven as described above and reach the output station

30 from where they are transferred laterally to a cleaner 300. The structure of the

output station is similar to the input station. Processed substrates are received



-from each other by a constant pitch at right angles to the first direction.
31. A solder reflow oven as clained in_claim28 wherein three channels are
10 formed between a single source of $3id fresh gas and a plurality of

-di scharge openings. 32. A solder reflow oven as clainmed in claim28 wherein

th annels are fo d. each connected to separate s ce of fresh gas
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di scharge openi'ngs are divided by partiti‘on nmenbers. A sol cfer refl ow
oven as subsinabes iarecaived 2By wheransposhohedwinism| ot khe csgmé stypeaapltheal ity
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formed with at |east one inlet for receiving fresh gas, (b) a second plate
for ned véubstrateshimihe oyenndbecuhstraies are maedobontoagnd faft the pleaner byai d

ut ot 1Bt i cably siffiher BiRing RPN HRE b 3R B! Rttt cac
one heat3my3eL sreatmandemisimil®t td eies tovenean@r similhiycarenmonet gioRgewked to
said outlet fromsaid second plate and being provided with a plurality of

out | et s, cleaer §r exanorietly rangfer mechanism 1h- a plurality of openings for
disq%arging 5 heated gas to a said conponent, said openings being connected
to said plurality of outlets fromsaid third plate. 36. A solder reflow
oven as Aftei tredcleanitigaprocgss i eompleteatise subsigaies areethen moved laterally

onto a further process module where any desired further processing may be
carried out, such as the singulation of the substrate into individual BGA
packages. It should be noted here that when the substrates are being transferred
156 between modules or processing units of the manufacturing process, they are
transferred laterally at right angles to the process direction through which the
substrates are moved within the process chamber of the reflow oven and also

within the cleaner.

20 The oven of preferred embodiments of the present invention is relatively small
and compact in comparison with conventional ovens. Each zone within the
process chamber is of a size just slightly larger than a substrate (for example
about 260mm by 75mm). In the example described above, with two tunnels, this
will lead to an approximate size for the oven of about 1.5m in the process

25 direction by 0.9m in the direction perpendicular to the process direction. This
compares favourably with conventional PCB ovens which may be up to 4m in
length.



serpentine channel formed in said third plate conprises three elongate 10
sections, a first and a second of said sections being connected at one end,
and the second and a third of said setions bei ng connected at the other
-end, wherein said outlet fromsaid second plate connects with said
serpentine channel at a point mdway al ong said second section, and wherein
sai d openings fromsaid serpentine channel are forned at regular 15
intervals ghpgg said first and third sections. 37. A solder reflow oven as
claimed Tm crai m 36 wherein the discharge openings fromsaid fourth plate
conpri se sI ots that extend per pendi cul ar to said sections of said

serpenti [s?ald third plate and the said 20 .openings fromsaid

ch
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with a plurality of openings for discharging cool ed gas to a said
conponent , sacmapeantsgtbr@tgthgaldmm@@wm pbaathecu iplaukirgt ﬂtrﬁcﬂﬁn tawardss from

sai g,second p 9 ol cl 3
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sections of sai d serpentine channel of said second plate and the said

2. A solder reflow oven as claimed in claim 1 wherein said components are
supplied to said input means in a second direction perpendicular to said
first direction, and wherein said components are discharged from said

20 output means in said second direction.

3. A solder reflow oven as claimed in claim 1 wherein said processing
chamber comprises two parallel tunnels extending in said first direction,

each said tunnel being provided with heating and cooling zones.

25
4, A solder reflow oven as claimed in claim 1 comprising a tension wire
assembly for supporting said components in said processing chamber.
5. A solder reflow oven as claimed in claim 4 wherein said transfer means
30 comprises a plurality of transfer pins arranged in said first direction

spaced apart by the pitch of said zones, wherein means are provided for



openings from said second plate are |ocated at the intersections of said
sections and said slots. 20 41. A solder reflow oven as clained in 28
conpri sing separation nenbers for sep‘é@ ating said zones from each other.
42. A solder reflow oven as clained in claim41l wherein said separation

ones., Sﬁé%“&é@@»‘sﬁs@%&ﬁ“ﬁﬁ B PnuRPblPah ey T3t SORPBATWEIEh Bt PO Ene
e g epsopaesgisf srodagtoq e g 6
second posmon in which said transfer pins do not so extend, and wherein
means are provided for moving said pins in said first direction by the pitch
5 of said zones when said pins are in their first position, and for moving said
pins in a direction opposite to said first direction when said pins are in

their second position.

6. A solder reflow oven as claimed in claim 5 wherein said transfer pins are

10 secured to at least one transfer rod, and wherein means are provided to
rotate said rod so as to move the pins between said first and second

positions, and wherein means are provided to reciprocate said rod along

said first direction by an amount equal to the pitch between zones.

15 7. A solder reflow oven as claimed in claim 1 wherein each said heating zone
and each said cooling zone comprises upper and lower blocks, and
wherein said components are transferred in said first direction between
said upper and lower blocks.

20 8. A solder reflow oven as claimed in claim 7 wherein each said block of
each said heating zone and each said block of each said cooling zone is
connected to a source of fresh gas, and wherein each block of each said
heating zone is provided with means for heating said gas, and each block
of each said cooling zone is provided with means for cooling said gas.

25

9. A solder reflow oven as claimed in claim 7 wherein each block is formed
with a serpentine channel between said source of fresh gas and at least
one opening through which said gas is discharged from said block
towards a component.

30
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14. A solder reflow oven as claimed in claim 13 wherein said separate groups

of discharge openings are divided by partition members.

20 15. A solder reflow oven as claimed in claim 9 wherein each said block
comprises a plurality of plates and wherein said serpentine channel

comprises a channel formed in at least one of said plates.

16. A solder reflow oven as claimed in claim 15 wherein a said block of a
25 heating zone comprises:
(a) afirst plate formed with at least one inlet for receiving fresh gas,
(b) a second plate formed with a channel connected to said inlet of said
first plate, said channel extending in the plane of said second plate

and leading to an outlet from said second plate,
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serpentine channel formed in said third plate comprises three elongate
10 sections, a first and a second of said sections being connected at one

end, and the second and a third of said sections being connected at the

other end, wherein said outlet from said second plate connects with said

serpentine channel at a point midway along said second section, and

wherein said openings from said serpentine channel are formed at regular
15 intervals along said first and third sections.

18. A solder reflow oven as claimed in claim 17 wherein the discharge
openings from said fourth plate comprise slots that extend perpendicular
to said sections of said serpentine channel of said third plate and the said

20 openings from said third plate are located at the intersections of said
sections and said slots.

19. A solder reflow oven as claimed in claim 15 wherein a said block of a
cooling zone comprises:
25 (a) afirst plate formed with at least one inlet for receiving fresh gas,

(b) a second plate connected to an outlet from said first plate and
formed with at least one cooling means and with at least one
serpentine channel connected to said first plate and being provided
with a plurality of outlets, and
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serpentine channel formed in said second plate comprises three elongate
sections, a first and a second of said sections being connected at one
end, and the second and a third of said sections being connected at the
other end, wherein said outlet from said first plate connects with said
10 serpentine channel at a point midway along said second section, and
wherein said openings from said serpentine channel are formed at regular

intervals along said first and third sections.

21. A solder reflow oven as claimed in claim 20 wherein the discharge

15 openings from said third plate comprise slots that extend perpendicular to
said sections of said serpentine channel of said second plate and the said

openings from said second plate are located at the intersections of said

sections and said slots.

20 22. A solder reflow oven as claimed in claim 1 comprising separation
members for separating said zones from each other.

23. A solder reflow oven as claimed in claim 22 wherein said separation

members are movable between a first position in which they separate said

25 zones, and a second position in which they are moved away to allow the
transfer of components between zones.

24. A solder reflow oven as claimed in claim 1 wherein means are provided for
supplying gas to said zones, said gas being heated or cooled respectively
30 in said zones before being applied to a said component, and wherein

means are provided for extracting said gas after the gas has been applied
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receiving heating gas, and the said control valves associated with cooling

zones are connected to a chamber for receiving cooling gas.

26. A solder reflow oven as claimed in claim 25 wherein a gas curtain

10 connected to a gas curtain chamber is provided in front of the first zone.

27. A solder reflow oven as claimed in claim 26 wherein said heating gas
chamber, said cooling gas chamber, and said curtain gas chamber are all
connected to a single gas pump.

15

28. A solder reflow oven for the processing of components bearing solder,
comprising: input means for introducing components into said oven, a
processing chamber within which said components are subject to a solder
reflow process, and output means for discharging components from said

20 oven for further processing or handling, and means for transferring said
components through said processing chamber in a first direction towards
said output means, wherein said processing chamber comprises a
plurality of heating and cooling zones, wherein each said block of each
said heating zone and each said block of each said cooling zone is
25 connected to a source of fresh gas, wherein each block of each said
heating zone is provided with means for heating said gas, and each block
of each said cooling zone is provided with means for cooling said gas, and
wherein each block is formed with a serpentine channel between said
source of fresh gas and at least one opening through which said gas is

30 discharged from said block towards a component.
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32. A solder reflow oven as claimed in claim 28 wherein three channels are
formed each connected to a separate source of fresh gas and leading to

15 separate groups of discharge openings.

33. A solder reflow oven as claimed in claim 32 wherein said separate groups

of discharge openings are divided by partition members.

20 34. A solder reflow oven as claimed in claim 28 wherein each said block
comprises a plurality of plates and wherein said serpentine channel

comprises a channel formed in at least one of said plates.

35. A solder reflow oven as claimed in claim 34 wherein a said block of a
25 heating zone comprises:
(a) afirst plate formed with at least one inlet for receiving fresh gas,
(b) a second plate formed with a channel connected to said inlet of said
first plate, said channel extending in the plane of said second plate

and leading to an outlet from said second plate,
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36.

37.

38.
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said plurality of outlets from said third plate.

A solder reflow oven as claimed in claim 35 wherein said at least one
serpentine channel formed in said third plate comprises three elongate
sections, a first and a second of said sections being connected at one
end, and the second and a third of said sections being connected at the
other end, wherein said outlet from said second plate connects with said
serpentine channel at a point midway along said second section, and
wherein said openings from said serpentine channel are formed at regular

intervals along said first and third sections.

A solder reflow oven as claimed in claim 36 wherein the discharge
openings from said fourth plate comprise slots that extend perpendicular
to said sections of said serpentine channel of said third plate and the said
openings from said third plate are located at the intersections of said

sections and said slots.

A solder reflow oven as claimed in claim 34 wherein a said block of a

cooling zone comprises:

(a) afirst plate formed with at least one inlet for receiving fresh gas,

(b) a second plate connected to an outlet from said first plate and
formed with at least one cooling means and with at least one
serpentine channel connected to said first plate and being provided

with a plurality of outlets, and
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serpentine channel formed in said second plate comprises three elongate

sections, a first and a second of said sections being connected at one

end, and the second and a third of said sections being connected at the

other end, wherein said outlet from said first plate connects with said

10 serpentine channel at a point midway along said second section, and
wherein said openings from said serpentine channel are formed at regular

intervals along said first and third sections.

40. A solder reflow oven as claimed in claim 39 wherein the discharge

15 openings from said third plate comprise slots that extend perpendicular to
said sections of said serpentine channel of said second plate and the said

openings from said second plate are located at the intersections of said

sections and said slots.

20 41. A solder reflow oven as claimed in 28 comprising separation members for

separating said zones from each other.

42. A solder reflow oven as claimed in claim 41 wherein said separation
members are movable between a first position in which they separate said
25 zones, and a second position in which they are moved away to allow the

transfer of components between zones.



