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"INVENTION 5 This invention relates to a sol der reflow oven, fand in
particular to such an oven suitable foll refl owing sol der balls placed on

» sol der pads of a ball grid array (BGA) substrate. The invention al so

relates to a conpact and advW}&/wI der ball attachnment in
BGA el ectroni ¢ packages. 10 v ENTION A ball grid array
(B&) is a well-known and increasingly popular formof electronic package
design for the use in the manufacture of integrated circuits. One of the

I mportant steps in the manuf BELD ORGTHEOMNMENTIONa BGA is the firm 15

attachnment of solder balls onto sol der pads forned on a BGA substrate. The
sol der ball is used to naintain electrical connectivity between the BGA

subst gat enﬁé;%\@ﬁ!(oﬁq EEHS 3 sHIdSCRAW Hesretahd ﬂahs?@gchm hoRUER Yn bk sol der

balls to t sol der pads involves two nain steps: sol der bal
pl acementsuitahté fopyeflowing solder balls pieeedran selder pads nf/albal gridrarray BGAY of a

nunber of_ sq| der lls froma 2 ' ead, d then the
bl acerrensUBRIral, J3e pieutqi aBoTBEER § (R BhadafofueBlim ot

t hat one sydeltyalltdchhferl iR BGA electronlt padkagespad. The second process

I nvol ves the solder balls being nelted and refl owed on the sol der pads of

the substrate. The present invention is concerned in particular with this

secopg step. 25 The sol d%Aé?@FfUUNWPFiTWEHQS@EﬂﬂWN wel | - defi ned phases:

preheat, soak, reflow (sprke) and cooli ng. y, In the preheat phase
the solder balls are warned to a tenperature that is just below the nelting

Bl 1 ndh pRIn @y atray (BER) Bng WBAGW, ARGS I RRS PO PORUE | BBl To
e ook HSAEpbRE el RrIAb iR B8 hAnBA S!Sl LR, 1o o1

One of the important steps in the manufacturing process for a BGA is the firm

15  attachment of solder balls onto solder pads formed on a BGA substrate. The
solder ball is used to maintain electrical connectivity between the BGA substrate
and any components attached thereto. The attachment of the solder balls to the
solder pads involves two main steps: (1) solder ball placement, and (2) solder
reflow. The first step involves the picking of a number of solder balls from a

20 supply means by a pick head, and then the placement of those balls in a desired
pattern on 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
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1 1 JUN 2002 2 the solder balls are allowed to becone nore uniforhanfdIN 2002
stabilized. During this soak period the tenperature of the solder balls and
the substrate is nearly constant or nmay i ncrease slightly, for exanple by
-about 20C. In the reflow or spike period the tenperature is caused to

i ncrease rapidly, and exceed the 5 nelting point by between 20C and 50C

such t hattheheoldei bialls aeg alowed to becomenaor@ unifaem andietabjized. Darinalthi, in

" Cenpor abRE ReLpH B BetnPRiatdd pf 168 edder BHRE R Tad sellieft T et °
sol der batdrstadt bdiidy miceeddeeslightlypYorexarapie by aboupi2ete. IHthérefidw ART The
sol der ball reflow process is anal ogous to the solder, reflow of electronic

conponent 8Pik@t RETiOd, the, teaperaturg ds &%é‘ﬁ&d(ﬁﬁcﬁ)crﬁﬁe VRPidly. i, exgeed the
fl ; . ' f h
re 0‘1550::@%& Vﬁmh?ﬁ? HERVEL R BBeC agg{r‘gg‘atf Fga??ﬁé‘t the \ki%%l@a@@%%l}’?ﬂa nave

been or carrying out sol reflow. owis a
nor e conpwek th@esalternpatibatimallyuiin etheasoalinge phiase ctheoseldet Hrlisi and athger ,

nore conpl ex .and nore expensi ve, than m ght be cessary for sol der ball
ot | ow al SRStk AR ElnwES 1o copLtors ferpesature el Beln e mgfting Painkafthes not
easy, 10 ihaef it the SEdEPbARYSQIGNY i the rHASW 8cessSiel dfplefe | ow oven

into the small conpact and conveni ent "BGA 20 nanufacturing process. There
is therefore a need for a small, sinple and relatively | ow cost sol der

refl oven that can easily be incgyéﬂ%@% into a BGA manuf acturing
process. SUMVARY OF THE | NVENTI ON ording to the present invention

there is provided a solder reflow oven for the processing of conponents

bearing sl der, conprising: input- neans for introduci ng components into

sai d ovenlha spidrreBal feflow Rfpeessiis AnAlageus Hostredseldap saliow Ofsgleckamirect t o
a sol der 0 S) i t-SC [ ts
from sai d-57pEHeRsifion pifiec Ll pBERNTRCRS, fol WHIGEARRG s YREAGH

t ransf er r oven $ave beempdeveidsed. hCongentionially Buch RGB neflowaoders haveabeed 1 JUN

2002 first, direction towards, sai d output neans,. wherein said processin
chantt - cust foruByng GHEPOG BAT R HOMREET BB FRJlow 3 TapiediaeBlon  ha
const ant @pé@hoh@hémﬁgiré%s@ Fe%ﬁ&'a{hrbve%if\ﬁa $36Rie Fré! chfpis &hd IitfteTBNS

is adapted to nove said conponents in sa rst direction 1n stages, with
each conpexpensiveothamgmight bei necaessancipnsioldes bisfigefiowcEionet hwrthermare itoises i n

each st a980t é’\gr%rgﬁy p%géalbfe?rg?%rtl?géﬁ i€ ot rerg\s/)?,dtof iF\gcrﬂp%?a e 5 (oi:3 rr]eeflcimrll o§/ter‘%l ges.
being used as a solder reflow oven into the small compact and convenient BGA
20 manufacturing process. There is therefore a need for a small, simple and
relatively low-cost solder reflow oven that can easily be incorporated into a BGA

manufacturing process.

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 handiing, and
means for transferring said components through said processing chamber in a



_According to another aspect of the present invention there is proLi‘ddHNaZUUZ
sol der reflow oven for the processing of conponents bearing sol der,
conprising: input 10 neans for introdudi ng conponents into said oven, a

- processi ng chanmber within which said conmponents are subject to a sol der

refl ow process, and output neans for discharging conponents from said oven
for furt ffiest girectionstewarsis saiddPHIRYt mAANSeWhereid said aprocessinggchamaer

conmponent | ' ' ' Mg ' wal ds
oD our somAHsI o ity Bf REEHR) Bfd SBBIRAF Eohck Brahbed vty SCOhABR BHAH 12
of heat i g tiafirst divkttivth, andashereiresait trranafdrring inedrisois ladabtedittmeae daiteat i ng
zone and each sai d. bl ock of each,K said zone i s connected to a source

[ )
of 1 6sh CGARONAALE dh 1P S ARERI T R0%h With RGN GORBRBENG TR Rodl i ¢ b
means fOfdiéisﬁeé fmw%@'ts @RS 'téﬁ‘%é%@_éanbﬂmﬂﬁ'ioﬁéselﬁcéaélﬁ's‘i’aéé),ohheﬁb%pgfe s
th nea wh ck 1s

provi ded w s for cooling said gas, and erein each 20 bl

f or med wicomporentpare noved Hwomabne éo zere issiagesour ce of fresh gas and at

| east one opening through which said gas is discharged from said bl ock
towards a conponent. BRI EF DESCRI PTI ON OF THE DRAW NGS 25 An enbodi nent of

the i nvenidcardingtb difdthdrcasinatdfiRE presemyindéntorpiidre igproviléd o sblgeence to
the acconpanying drawi ngs) in which: Fig. 1 is a top view of an oven

accor di ngeflow axvesnfoo direnpriecessinghef permpenentsobearingnsoldar, cormprsing: inpub si de
vi ew,qf the_ enpodi t .of Fi . 0] | Q. ' iLde. Vview
showlflg. mear ornFaRbeiRh cobfharkots imarmald Opty  ofacasting chimhet Wi '
a si de Vivghicls Baidl dismpiserits airé BObjaetitcca 8bidey réfiuve pradesshang oagnst medmgrber of
Fig. 3) 5 Fig. 5is an end view of the heating zone, Fig. 6 is a top view
of the hdak Alghattieg SRBIRGNENIH Fom saich gvem dofwihar RIeressing rhandling, 7 s
a top vi SeRd ; ; ' | kLt tes,
Fig. 8 sf;é(/)ﬁvc\grfn te hggrﬁeat |¢1é$ggﬁ@rgc;ea£{&|8w zohgggth??ﬁ%mgg@o%@ ??g%ér?g? ?gﬁmbfghﬁl g. 9
shows t ha Ffiesttdiregtiandtowacds 8gidz outpsit imeams, avhereiraisaidc prodegsingt clvambér g. 10

sovals® RS igea Bialt GRS ORLA poli e heRn i i PSS o ”
i ncor por gi4chgsgidr RELANG Depe 8REOCEEEN Gaid KI6CIE 8Os dFe Maid fcdblihg 2dneety | on.
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
20 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.

BRIEF DESCRIPTION OF THE DRAWINGS
25
An embodiment 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,



_ 15 DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT Figs. 1 and 2 shovy 1dﬁJN 2002
overall structure of a solder reflow oven in accordance with an enbo

of the present invention. The oven confrises an input 20 station 1, a

- process chanber 2, and an output station 3. BGA substrates on which sol der

bal | s have been pI aced enter . the oven thr,o'g‘gh t he inﬁut station 1, are

subj ect tfgt ﬁésrae$'¢6\N'W(§B@!/§19M”tm°FP etaillhe RIgsReecham &ﬁ@fm%c’&a@m from

t he oven @ié reflow is conplete through output 3. In this specification

the term™"process direction" neans the direction of travel of the

subst r at eBigt Mraughsrdbevnéﬁ/ phowiagstheh hehting tamdacdslirigheones mft thet ptdcess | t

shoul d be noted f g 1 that in this enbodi nent of the invention, the

oven cor‘rp‘? %Qe&‘&ﬁgga al | eI 10 tunnels 4,4 that allow reflow of two sets

of sulsstrgges 4 ?n%dQﬁéWIcﬁ%@Héa OgT%,t,@neously. However) the nunber of

tunnel's is™not limted to two, an fact it can be nore than two when

hi gher t hrigughjsua fop wewegﬁ&mq heatiog zanenshowing tha rowuting: Aed ABistributien s

chanber 2I & divided into a nunber of heating zones and cooling zones ' in

a manner R'8'%e described in further detail below. Each zone is of identical

1 1 JUN 28g27%s haogiew bf thechgutipgesoheditiowihg tiie distributingzaribsanelplatesar at ed
by a constant pitch. Each zone is provided with ug per and | ower bl ocks 6,7

and the shigsBshows taﬁé‘e@QUg@(ﬂ'dt@‘)ﬂja§§°ﬂ§§\"k@ﬁelcﬁe guiatieBks. The | ower
bl ockig, arﬁg%@%@'o%%@‘htg@te g ?ﬁllﬁﬁ‘iﬁﬁeg}n g Fh{;hq?%ﬂ’ﬂgur%‘(ﬁﬂ 's | ocated

on a base nor e de as suth as air or
ni trogen Fig. $03pbwsd heatir’fgablbbbukmcﬁeﬂetmr, m ng the heating zones and
cool i ng Z%Be?g ere it isr ectl vel ﬁe*}aat ed or cool ed before being

applied t OW§IAEQling 8 s Invigors, h2ffhe zones. Afterwards the gas is
extract edF,ghr.]ngh 8 r\l?éwvcﬁ' ﬂ &thf%ﬂﬁrﬁfb Q?ét\éﬁ'? n% ‘ﬁgb & P8fiow Cas

fromthe atlngz nes 1s ougha ating gas c whi | e gas

from t he owerl aceprdingee arsembddlmlermqjl’nhla imvesitiong gas chanber 9. In front of
the first heating zone is provided a gas curtain that functions to collect
air damd process gas fromthe first zone, and al so prevents external air

fromentering thprQPEDTHESTRIPTIONDOR PREFERRED EMBODMMENST 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

arrangeng ens { . I racted
properly, i ar? hééioeﬁ ém ﬁ%@ﬁggféfﬂs@%&@ogﬁa% é‘gés}n'f?o no?&%&@%ﬁﬁ)f?aﬁﬁéy
reach t hewglasarpwmbodiment fofsthes predent iinventione Mhen@venveohprsés @n input
condensation. 20 At the |n ut stgul on 1, two substrateé are su plied at a

L i mE Z0h i statien pl. o fspRSs of arﬂqgr (NG ah_UERHE SHIPB3H %aﬁﬁ@s Pelsnﬁﬁtd
5121, AP b b PRBKEorr 1 OV A

pul |l ey system own I n trate is
| ocat ed asljcasuhjectithahendflom pracdsst wmlmelpro;:eSS gambedf, and lace wotpd fedrong t he

tunnels for the r ro rocess n,this i ch substr.at | ocat ed
so thar +0e i ey RHoRLESTITp Il 1Pl g B £ a JRE el dne tor
manner ln"pﬁbcéés ah@ctﬁﬂbshéaﬁ@&h@r@re&wﬁ!%fttm@ugﬂi théesJUs%@sStha@mﬁeZ will
now be descri bed. 30 Extendi ng gﬁé{% each tunnel 4,4' of the_ process

3

chant? | PWCEE% chamber tayargs thwy tation: Hshoulskbe aptad framdtigh1 that ipr ocess
chanber, fhis eer%lnqgﬂ 5ﬁﬂ§'l%ntlon, the N gc?rganses two parallel 10 tunnels 4,4’

that allow reflow of two sets of substrates to be carried out simultaneously.
However, the number of tunnels is not limited to two, and in fact it can be more
than two when higher throughput is necessary. Each tunnel 4,4’ within the
30 process chamber 2 is divided into a number of heating zones and cooling zones
in a manner to be described in further detail below. Each zone is of identical



6 wire assenblies 15 on which the substrates rest. For exanple et t/UNn2002
may be provided with six tension wires extendi ng al ong the tunnel, though

t he exact nunber may be varied as desi®ed but should be nore than two.

- Located al ong each tunnel 4,4' and spaced from each other by the pitch of
two zones of the 5 process chanber, are a plurality of transfer pins 16.
The trandgngth jin the pecess difechian and thezanes\aretsepasated hypasonstant piichor each

tunnel 4 ' ' ' f be
provi ded E2Fc T PRVRILIERG it Gh B H1REKs 8.7 phadfic Hurbfighe @ o7 1\
tunnel s kuused tapaserbetwdeh ithese biookbalhefowsr biovkstdre receiveliawithindm 17 nmay
be rotated about aheici axeﬁ @y 10 . ansﬁaf a transfer rod rotary nechani sm
19. The ENsiosHEs 2] and theWholgRYenJE APSAIRE ORAPES% 18, 19 are provided in a
housigg | ocated at the end of the oven adjacent the inlet 1. The |inear and

rotary mechani sns 18,19 are driven by respective motors 23,24. 15 The
t r ansf er Asodlillrbe describedhiarmere detail snelew, gas suchas fair omphitroges is supplieat e

th h 90 Ltion.in which.,th tend th h the t i gn. Wi
asserbl i &9 eoBeBkR Y toking (hY JFeathe, Fabds B cPRMY 2ohig WBRE Jnisk 1o
assenbl i essgetivaRchedtes of dovted VBRitetding pphédto I BEAL Subéthatkhddefig fir st
position (ie exténding through the tension wire assenblies 15) novenent of

t he trandhroughothe2gones,cAfterwardanthengas is rextrastest darosghdeorteali valvesifoough

t he pgoc t in trate
suppey: o d HEfEert LR Zongs, GRS G, Bl fiedthd 20700 R Rd fifoleifRL" ™
pr oressg;ﬂieaﬁng ig@ts r?h'a?ttéﬂaf)wﬂleftgas ﬂrmrtbé?.:_obti?gr;]nzphes imlbd:jthﬂodg_h}[/u;icdclirtg‘le t
out | et : en the trapsfer_pin are in their second positiaqn, novenen
of the ¢ aRSHAMHEIGO} ImERR ot Bhes st HeRINE, Paniu S RTONIIRG R (938 CHEAGIIDE L o ¢ he
process qih&fdnso Ef]lé%??irt 8fd raées]sfs?é@flro‘?ﬁ the f¥‘$ttﬂ5ﬁg ﬁﬂﬂ?gonﬂr fits

cle o er pins w e

substrates. The cy operation of the trans now
descri be@xternabaigfront eeteringrtbé @evepi Tibe gasaueaimistdonnecied &t a gasicuitain i n

whi ch_th tend t the tension 30 wi bl i 5, ti f
e §5anehemaes¢2 (THs SraeR GHE e GRnaLYBLES " ABe Fambare 9226« o
move the gadbsihid ef | dbrindRtdl e Hve WHaMbersN blOmeans bf lhdddd 2002 This

di stance “equal to the pitch in the process difection of two adjacent zones
of the prseagemsMmnsures tmatcused @nticpotestially cantaminatesngasnis Extracteten

sbcond poiped B Hagrifold RBEhehiehhe' (ot Db RLbLRLPUAM 1By Federl b s 15
t 0 engageasipunip santsthisihssists Th préveminhamnwarded flurepntibssation. r et ract ed by

the transfer rod |inear nmechanism 18 the di stance of the pitch of two
zoned0 and the transfer pins 16 are then rotated back to their first

o . g .
begi n agatine b SRREE, ek Rl B B ot 8 e o o e e
noved st dwanissibstratesuare trioyedr by essansh afiieputZkiokers103,zoperased byt kicker

Ref i ig. .3 th | st t f the. t |s 4,4 of
the. pr ocdadohAfshiotishfor SxalRi e batbant PhIEVHteRh b POSUBASERM he ¢ wo
tunnels 4n 4'-‘igi.a*l SucHaRbt f@aéumﬁat@né Yociéd sipstient thd eridesE EhER dunrdiss unnel

conprises a 15 nunber of zones (in this exanple eight zones are provided)
of edgbal readythbemoves alosgdbe tunnels forahe reflowiprocess. dindkis posdionfeash t he

previ ous i pLi f t,rates rocess
Chanber S alens ESY sbitFaTRE ARG ot sFp SR o s o BEasvipdlea o
each zoneHemanhar ifwhighdttie Sibstizates anemoved! thisugh thecploedse shaamer
zones, and the remainder will be used as 20 cooling zones. The nunber of
heati ng Mihegwheideswib@dnber of cooling zones may be chosen as desired, and
since the substrates spend the same anmount of tinme at each zone, the ratio
of heating zones to cooling zones will reflect the tinme that the substrates
are 80 b&xterading alsng machetlinne! lod'nof theo peatesknchidmberibatiendingctionnes 1 to
6 are heating zone whi | ones 7 and 8 are cooling 25 zones. K The,

Lenper at APRVEINSR ¢ tbpcsHosiatis MEouehie REPess REESL-Are BIRVIRY, 1SRSOR di f f er
dependi ng on whether a particular heating zone is part of the preheating
phase of the reflow process, or the spike phase of the reflow process. 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

bet ween the upper and | ower bl ocks of each zone and the substrates pass
t hrough this 1 1 JUN 2002 s



~gap on the tension wire assenblies 15. As will be described in morlel alliMi2002
bel ow, both the heating zones and the cooling zones are supplied with a gas
(eg nitrogen or air) for the purpose of6 heating or cooling respectively. In
‘this enbodi nent of the invention fresh nitrogen or air is constantly
supplied rather 5 than being recirculated in order to avoid contam nation

pr obl ens, wirerasseanhjies 19 op whistidhe substiatesi fest. (F arexamplecachchanskmay

hecessari Py HPYRER Wil AECRDSROTES SResig, oRRIeCHRPLRRL ShotT e Rtk . o
t he over ahuniRatrhag bendarizeohs desiéd ibut ehouldobe trhérepthasetno. didvatiédralngof t he
i nvention. 10 The structure of the heatin ez{@et ool ing zones is shown in

Figs. 4 afach tunne 4.4 andspacedfEoppred P Biieh phéwe zones: ¢fetheast
two heat i e 6 Ad nat j - one
Ty . BRgtthdfler S Pitafhy o1 Pafibferipin 1Bl THRNIAASIe IR Y8RP |
seen fronfikéd té cespadtivg tohrsfen midsot, ttivat for leachIuhpel 4 5ginathis emblodingeatones

the heat Apudady hier o teieiibes thay BEtbided: The Hantistiodt 1 fhe” "
cool i ng zggefmA@dMitbrall§ 5lenggmleh%&b§ 6f ZtIQé‘etElnnEIér byeanpagsfel roldl lindg not ed

n
fromFig. 4 that the upper an ower bl ocks have thé sane structure, and
i ndeed nommeghapisnhel &parg therdransiesr ragisotkgnay henyotates! abaut thein awes hyat ed

Cor  o08L "8 B el S8 BBE il ol g ©
pl ates: aradrenigthe s, A9 aré Providedpnas hotlinglictated bt ithe endiioe the cves panel

plate 60 in that sequence with the panel plate 60 being the 25 plate

adj acent ediacgab thetetn! .t hae Jingak andrireiasy sneghanigng &1 feare drivendy
contact a material of good thermal conductivity (such as
a netal) E%Fﬁ?gyéﬁfgsﬁ %’gg' may be regarded as all being at substantially
the sane tenperature. The cover plate 30 is formed with a nunber of inlets

31 (th j hi I f t i th f ... Th ti
oiat 80 26 tustel ooty MecBBRRET do5gases ik Teanefan Ains’ I8 toerctue™ " "
channel s idugRNG lford Natpdditidn P VIRER! B9 JekiBndDHRada ahe RASRK Wit the

function sto m an even 1 1°JUN 2002 ow of gas that is
di schar geassemblies,dar pasition irewbichdhewace paralightodthetebsion ofireagssenblies 61

f din.th | plat t hat extend | to th directi
o T act ndBt astCUEe, Pardh®  BWher The Trber, Bilsr o rave i, ke RERCFaston BC: ' onc
| ower bl ogkfendirg trbligihiseteiidiPivire asbsehdlies NIy endErREntSdf theardridfémédd N 5

the distributing plate 50 extending in a direction at right angles to the
proced@ diipeat maehanpism HE ifethe REocassedirediioncthiongh tha pipeesssellamber &cei ve

heating el r e e j i ofil es

t hese bor ggﬂg% ﬁ"a%/h%és%zgg&f grg tjtahgﬁ%égsésgggé% é@é%?ﬁlﬁépé\ﬁ?%%%s{;\egl% nté (@) cool
the gas. Gae asdembilims 1Hsolesatd npverthenoin the, picsess wireetiorm{iecthraigimthe
applied tg th ubstrates, 10 b ns of val 5 | ocated between each pair
of "zones J4sis HOgR. 4G MBS ToWBEdS Hecogtetnyihen the danglarins, ienate in

V- shaped P¥8cd SitiBh Z RdvBRaht df hét r’%%? ' from
t he openi %és] _T%ermo%nlzhgg‘s Gdil aréé%gfpgce_d'tag?fge{ rgla? |c tt@%@ﬁsﬁ%@ﬁgwgﬁy

smal | 25 sagirabtien oppositel to ting precessodiceciion chuseésdhepinhdt toacetum without vy
little gas flg.\/ﬁ/. ﬁS Tﬁrpi%g nowto Fig. 6 this shows a heating zone in
section at PR 'PL} ESUBRYBESween the routi ng 40 and distributing 50 plates.
Both plates are forned with serpentine channels 41,52 that formconduits

for the flow of gas. In Fig. 6 the channels 41 forned in the routjn&ﬁpl ate
40 are shdhe eyele of ioperationsof tha fransfige pins witbhnew| ke deschibachel @lbegin ing

pl ate 50 I . o 1 i 4 [ves gas
rom the SavSrerits 8368 1) el 8P ParipE e GBS PHRbSatf e ERlorEr . e
Each B0l ewirk2 asserabligs clibe dOperatibansfethet rahbfer rodalitsedrnmeghanishor@ tHem

| ength of the plate 6ie ri hﬁ angle to th rocess. direction) to the end,
and t hen GaEREtsHansfer piis 1619 thgrsubsiraiassindhe pracessaisegtionfaract i on,
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 fornmed in the routing
plate 40 is to give the gas (which is received at an anbi ent tenperature)
time to heat up to a tenperature 30 close to the tenperature of the plates.
Because this warm ng of the gas is not 11 jun 2002 10 essential in the
cooling zones, the routing plate can be omtted in the cooling zones. As
can be seen fromFig. 7, the three intersections 43 fromthe routing plate
40 to 5 the distributing plate 50 connect to three serpentine channels 52

-




distributing plate 50. Each serpentine channel 52 in the distributijnly jMt2802
50 is fornmed of three sections extendi ng perpendicular to the process
direction. The central of these three Jections is connected to the two

- outer sections by two connecting portions. One of the connecting portions

is formed at one end of the 10 distributing plate 50; the other is forned

at the otdistancacemmal toéheipieh imthe ngmsatcgresgpn ohéwpradiacantizongs £f theom t he

<" hal Ty ORFhGNEMEEE 2T Yankier (B8 PR AECRITARTlS ¥ 1iln Bpetifel g (el

Ref er ri ngrotétai thettearfsfer rod, 17 tsushlthabthespins tehate inhihetrstondspdsitiorahde
panel plate 60 for the di scharge of gas to the surtace of the substrate

ext end atn9 i lgRgeqRyiterd tihreygh dbep Qe WiFR RRsembiess ot engage: the

di strigout] I j ﬂé&g SS
subst asﬁ ti éé ;5'%# %e’ el;u@}ra\ﬁmgﬁtr ?\B%ﬁ Tﬁ‘%ygéﬁg Irbe:){ng e b{ ?‘ééggarngﬁﬁagt Ig&{ah e
process dmeehanism) 18&rthe atistanee \of fbé rpitch 2fviiver zomass aofd theetr@fsfepeinsng® 61 in
t he panel plate 60 .and an ,oyter ction o he,serpentine, channel 52 in the
i 5t but Mo APIRtER ek 48 et st pastiet by YIE 1ERRT 1ot e ferhanian: o
flow fromg kg tRatthe r&pem@ti&hﬁmqiegi@agam. Ithill BeUndebstbba dhat inttse Rtharirert he
openings 61 in the panel platée 60. As gas enters the serpentine channels 52
formed i nthehsukgteates poay g praved stepawise thugh e Presess ehambae 2 engt h of

t hat ﬁjﬂan%ar{e ggﬁ as is 25 allowed to flowin both directions fromthe

i ntersectfOIr 332 Wth the routing plate 40 as shown by the dark 53 and |i ght
54 arrows in Fig. 7. Gas is discharged fromeach of the intersections 62
bet ween t he se_r;enti ne chapnel 52 of the di st{,\})buti n% pl ate 50 and the
openi ngs Befaring Kew i &19.p3 dhe asmerajostpigture; ofene Ffcthgplunaglsatda ofthe ¢ he
pressure J h i | t her
ey the BioSkRs cHamUSy 2 Wil B8 UesoAbb il el iiferdtoog s 858 b Ml 1°% e
routing pé4t aret@dentidat Bad dirdy oneuneeds to be alesoribetwEhe tunmelccomnsprisgssaf | ows

f { i nt ti- i.n, hoth di f 53,54, the | ti \

bet vkt FMBEF FEARTeR.I IR ripels Sight 2nsS steiprolylieh O BoiialirbSfiindfe ot o o
,60 are fo{)l@%ésé rHif'iéHtiBﬁ?’l‘tt wilRibes _un&é%téélf fﬂifﬁrtﬁgeﬂﬁﬁvﬁtﬁlgéséﬁﬂmﬁ e the
intersection 43 with 5 the routing plate 40 to the intersections 62 with

t he panel movament®fithe Aubgiratasnthraugh: the\progessxegimbenthatieach aubsirater

i the. patteinds 2 BenEAH3erdcBt 8 omied Bttt PR IP bl A LBt tachea
by the gagordsoWilnpel sllddated iaschéating 2bnéscand tke aehmindéramll bbaisidas t he
gas pressure at this_point will be weak), it is adjacent to 10 intersection

B whizh icodlingyzanes. deeonumbef of dieating Zanesandthe, numbeg £f qoolng ZenNes t he
di Ci . _ , Gl
be 1ol a1 WA TR 35, BESFAE, QRN EInEEIGE SuBRERS QUISTRAMETRe Sl o7t
ser pent i nimelatreachszdh2, theadtiopafi reatingi zones de cobbmg z6Beswvilhrefieet thfe time

[ 1 th | plat Q0 will] h [ ti |t .
ol a1 vel atahe gsulilites (i) fuha Bretest ah amboeachis g0 KRR Badhi
pressur e. ohBBdMERPEARE § Goldliate (Pfeaﬁﬁ?”z%eb,s whilé Zes! 7 Rindt & a‘?@edﬂdﬂﬁgm
that intersects the serpentine channel 52 on the sane |ine as the three

i nt erdect zones. dMheptampenaturecatsdifieeenti hratingazoness maydbe Kee rsame, leutpmaye. At

The of f ectisgraR; a2geding. A Seifel A ol BRGRL B eC R BRE o B B o e
routing, Réatiligsphiaseid the refiowprocéss)oatite spike phage of dse Asflovy procegs. uni form

fl ow of gas over the surface of a substrate as is possible. It will be
under st ood that the abovedescri bed enbodi nent of the present invention

provi des i I P 0, t; rel | ven 25
onvect  on PP e apter & it Aerr 23bftG 6%, 12 cERPMEd BBl Bnfl 0

ef f ec30 i sloslar dilocks bfyapprdixhately theasamg dizenrA tnaergwagap ipldefieef betWben! ower -
surface of the panel plate 6 i,e facing th ubstrate) is substantially a
Fl'at “our ¢ ecUspE SR L Biogke bt pachrare 867 168 bsheiecnass Hiovan 1 ¢ o
the surface area, the radiation heat emtted fromthe panel plate 60 is

al so very uniform 30



1 1 JUN 2002 12 Referring to Figs.8 and 9, a possible enbodinent §4$ JtNvE002
In which in order to prevent the gas flows in adjacent zones from

interfering with each other, shutters 80 are provided between zones which

- may be noved between a position shown in Fig. 8 in which they separate two
adj acent zones from each other, and  a &pqiibtion as éhown in Fig. 91in

whi ch t heaP9R thpteagianwise asser\byes a: 68 Wik bgdaschhe é?meﬁéwgéﬂo‘ﬂones.

Bet ) ¢ : . _ . . :
The- cubs St Gie, neafifey ZohgsPadd e CooulPOrdndt ofE Cifiphed i a i fod | 19,
vari at i onstrogen her aeifgn the phepdsieo ok shestingher headlingg réspectively. 10) thisid

| Fig. .11 . in.th i n.enbodi i I I f
gas. | < diamBdinient o e davemiars fash dioger B it predanty SHEPIH Ethea: &
30, iB thRaN&diRg irefirdiatElGh- orlier 39 hvbld cBh&MiPaREA PrebieAY, 8P eRbrfpds By
be provided each wth their own control valve. Furthernore the panel plate

may be difluxdeendemsationr wihincthei piesess chamher] Altgaugh fleshrgas isasuppliede i s

di vided ipto -7 Whi ed | ntly. in
par 1 cul dPe Vel QiR e P ot RefBiahfy ABNRE Rere chlieRER A Ble 111
possi bi | idging sediridation Betausesof the boerdliaheatirguind radoling Wiicienop &k thegi ons
of the substrate may be cool er than others because of receiving | ess

radi at i orPraseft embedimeytiof the)inyeatieR.onal gas flow to increase the
convqgtion heati ng. 20 One maj or advantage of the solder reflow of the
present invention is that it may be easily incorporated into a BGA

manuf act uFhengtrpctare 5§ thedheatiregrahd coblindgnizenes lis shown be Figs of ahd &. \Hig.n4

reference to Fig. 12. Fig.. 12 .sho a part, o rodugti on process

oor Loy rehos e SphetHLaideaian, SheSoBre ins lash the PEGTNe 28nBs 65 Bresner 25
300, and I ed@% ; ' sol der
balls ar e@gf]gc?g?%gnmté ﬁggt;é&&@ghﬁs@r at e Z10(13?';1e ?Herlaén)? ER%%}[@%{% t hen

nmoved t o aftheheating zhpesand as iowillbetseandromrthe following desctiptjorathat e ed
laterally to the input positions _of th wo, tunnels of .the refl ow oven 200.
The  dabst1eatey SbABHnd 25hs, 81K, sEhetaRfiahb HebUER et sor et Broviiod b
reach th%éﬁth@l&laﬁrbﬁtﬁ mrthamefatiﬁﬁlzﬁheépit WilEbe aihdetdtood tipitag. 3 /i @ievdny to a
cl eaner 300. The structure of the output station is simlar to the input

station. tPrtbecosliag zanes pameall as to theckeating zones; FydRepmgre it will be noted
from Fig. 4 that the upper and lower blocks have the same structure, and indeed

normally the upper and lower blocks of any one zone will be heated (or cooled as
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



~fromthe tunnels 4,4 of the oven onto output platforms from whiclf {hiyN 08?2
then noved by an outl et kicker nmeans driven by a kicker notor. In the

cl eaner the substrates are noved by a 8ransport nechani smof the sane type
-as the transport nmechanismof the reflow oven. It will be seen that in the

cleaner the 5 substrates are noved in a direction opposite to the direction
of movendlow of ganéhaiup stischasged fto the syifage of resubmiate theugh aenumberobnt o

and off t r L,npuk. _a u t AL ' ' | and
Mput andPSIEE B otk B e Rehg bIRIE oD et Waferd patéilelo the Sibfest
si mi | arl Wiretgomaed fading ahé Nsubstratan @s, it fpzrsses ahpdughdyhe rgapsbetweasrc tini sm
17. 10 After the cleaning process is conplete, the substrates are then
noved | at4ppgr Bpddawsr qutgﬁt Kvill alsq-be notiged that ese bargs at are dormed imer

r ocegsi De | : hegsi s byl as tQf trate
Pito Praite SHBRIGE pIatgCoc ehaeriid irfa ARSI Shdins 18 tnk Propds
subst r at efireatien.btni ribe t heatingezores 1betthares Sbdue egsert tprreceivei hegating t s of

t he manufacturjn raoces th are transferred laterally.at right gl es
to the perpsntsiielsere,td hpalle ors KAl t SorMeeongL thisechOtes i n ¢ he
process Ghayiry ueédtioe thefpasyageess abelirt] wated &bi ésttbecé‘dletﬁée?as.ZGaEhe oven
of preferred enbodi nents of the present 1nvention is relatively small and

c ﬁ npact iwhesbeptarihastingi QW\C?Q_iiﬂge %t fesnavechaftiak beiEQc@PFﬂiGﬁetO\/\ihﬁ]tﬁubsﬁﬂﬁée?plr ocess
bouti0o e g oy vaiyes § obted! peRE dA oo uP In ab, BleviliRIY . °

this willddsefAbed.0The coeminps Grihfe foried with ahe-shsped gfodectotmaxibiizé the he
process 25 direction by 0.9min the directjon perpendicular to the process

di rect i ornifeANEY @hripardas Hew slisenargeqftam dba rpeningsal Thecepeniags Ghath may
be up to4mlg BangSif&h that jst r%l%éﬁ%élf} dsfaé‘ly%tg&tls 16\ PR td SE{;iB‘r’T\% en for

t he processing onmponent's bearing so conprising:’ Inpu ns for
i nt r oducidegdcarepdhathas hooo oali littlegas flow. pr ocessi ng chanber wit hi n which
sai d gorrponents are subject to a solder refl ow process, and output neans
for d schargi ng conponents from said oven for further processing or

handl i ng,T#Rfhg"RENSId Fig.t 6aimss Shblvdda SRé4tireP PBRE SRt §eét§fnouﬂ lthé JLAction
processing chanber 1n a first direction towards 10 said out put ‘neans,

vvhelr ei n dwitepn dbesrgutg@g éRaangb distabytings 88 platesuBalth IP%G_'(QS afﬁdormgq awith ;
unor ei . SHeETT e, SRS A2 15 Bh kRl ol ot Bl ot gl R e, "Sai o

first dircpghheRr 41 fetme@In thé trbuis plate g asd ishowni iNdsdliddiisénekilemel to
the pitch between two zones in each stage, 15 whereby the conponents are

noved0f r shappals 3 indhe distrispting plate. Shbetw @re shomsinobeakenslingsaithal i n
Laim 1 e : L i :

gegl)rr?d d}lyregﬂt glna?%e@pen |ch rsspghfsagﬁeﬂérs aﬁ?gatﬁgté,éoan?} mer&’eclh?lbcgai d

conponenthalfway alosg ke géatef Eaah srieti42 (s canpedteddamchannelséd thatdeadsithe

direction. 3. A splder reflow gven,as. clained ip claiml erein sad
processi @S&.’SHSZE_G@%WH%’Je@eté)!ﬂ?epﬁ?dlg Iangffrﬂﬂeﬂle Bﬂ%ﬁi%*ﬁ%&? §1q i rst
directi ondeaii SizindoddkARNgPRENENtE A¥hGBoMineNpIBRATH Blophttite Rlddignzones.
25 4. A solder reflow oven as clained in claiml conprising a tension wire
asseibl y aner thenphank fondhaifalhe lepgitooktiesplate #madliractionatiright @nglebto thes. A
sol der reﬁ‘rbgggso&ﬁ_gct%n % %nrr?nciells%c%ﬁl '43 %e%eeéne'tl'r\]e Srgluﬁlngt rp?ar}%f 26 araeda ﬂ\se

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



30 conprises a plurality of transfer pins arranged in said first djﬂedUNoﬂmz
- spaced apart by the pitch of said zones, wherein nmeans are provided for 1
1 JUN 200Z 15 noving said transfer pimd between a first position in which

- they extend through said tension wire assenbly to engage sai d conponents

and a second position in which said transfer pins do not so extend, and

wher ei n ressastialrio theovoaling renesydhe rrguting elgienean hesemifted insthelicoeling on by
the pitch 5 of said zones when said pins are in their first position, and
for nnviﬁﬁnggid pins in a direction opposite to said first direction when
said pins are in their second position. 6. A solder reflow oven as clai ned
in claimb wherein said transfer pins are 10 secured to at |east one

transf er A%AN BA§ERALIEN RigeatRe Hiree intslregdians 43 faratee satingRiatest0 i t o
move ghe tﬁ% gﬁ?gﬁﬁrﬁé\ﬁf Elaﬁ@'ﬂ) Eér’ir?écf.t ?gghﬁﬁ%eﬂﬂﬁé tdh%ﬂ?eﬁag‘ﬁi fOReS il tHE ans

are provi rocate sai g saird firs I rection by an
anmount edglisttibuting ptatei80c HEdukt serpentinachanhdl 32 iA thel distributihg plateved isis

B T I N e e

transf er rgtian of dhésd el SbdtRpk BNcdHMRA t& ahd tWBPSliteRrMection® bythirgks. 20
8. A solder reflow oven as clainmed in claim7 wherein each said bl ock of

each sai cconeecling) peaieasafinecolthescannesting ipostionsaisHforned at sle end obthe i s

heat g StrBbRuREBaiF a8l tid Bir Rt o {iE! dingr 886 r IhE SafopERl och oo
each sai &0;O0Hd iMgersebton 43pF@vi thecdrouting platers feonreeed with thai sergestingd 9. A
sol der reflow oven as clained in claim7 wherein each block is formed with

a ser pentah@danehdznat aciunetion sthal isohaliwayraleng stheg sgntialy sgetion 0ft thee

openi ng ts*éﬁ‘@%ﬁ“‘ue"‘éﬂﬂ?\e?gbq gas is discharged fromsaid bl ock towards a
conmponent™.

15 Referring again to Fig. 7, it will be seen that the openings 61 in the panel plate 60
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



~~ ~ ~uN zooz 16 10. A solder reflow oven as clainmed in claim9 whef4i jUNap082
bl ock is provided with a plurality of said openings in the formof slots
extending parallel to said first direction and each said slot being forned
-wWith a V-shaped opening. 5 11. A solder reflow oven as clained in claim?9
wherein said slots are spaced fromeach other by a constant pitch at right
angl es tobetheehithevouﬁingaplate)AO ang.the distribeting plate 60 okloweyer, begauseigas cl ai m

9vvhereinthr ann re 1 of said
[reoh gasHRTaN ey BrerEgot i et aeeuat R s Td ielsBlPhi BE HBvaRh oy en
as cl ai maﬂl.el Qer‘fabﬂtlﬁé THelh@eris2 ahd @Re ChReHiINgS 634 fofrD tHE hadel plateseered to a
separate source of fresh gas and | eading to 15 separate groups of discharge

openi ngs. formed An asiiarant pairsoand flas aé(@ra(ﬂeaﬁ'ﬁ@d'cﬁrer!T‘éh%"'ﬂQT%ﬁ?é'PBﬁ? withd
t
igpa;\%tsgl l(?i'er ?53 Ié%\s/@&gg%cﬁgl rregﬁ'n a| m %ﬁ%yﬁ&%&(ﬁ}is@l@%ﬁﬁ%k

conpri seSSa?mal Wsalant 3exafnp|:hé adfemusa,ndommeelmtessaeal:oaeﬁpmu lemdshéronelthe

conpri ses a channel in at | east qne of said 6.. A sq| der
" of T ow ovARtrRV0 Riptecicl frec PRPaNgHORRE o ihe Reineh PIAtB . ABPUGH 3B 40% ng

zone co Wﬁ?rﬁﬁﬁma(é")nté‘rs@bﬁéﬁ r@ééﬂé?i B? glt‘igfbf ﬂcﬂvlﬁb ih Etﬁé tdu%'&ﬁoh Hrethe  drk

receiving ftresh (b) a second ormed Wi th a channel connected to
sai d i nl earros $amdjtﬁereime theapas pmswre,aammommlhue nepakp, it heaq)aeem tof sal d

| a t tl f id at e
2002 10" BiersBRlinn BIHER i $uf Tl Shpdie LS RrRERY G G folirddRa i« n
at | east mpedpgdtioandf e ﬁgmnaﬁbw@qanacmafbet thes 3ad pressue ﬁéremvmastﬂl pgcond
pl ate and bein Erow ded with a Iuralltéoof outlets, and (d) a fourth
bl

pl ate forfekafi igh).pThis 4% the case dorciherwRoledenathsefitheseargenting shaanelas to a
said conp I tlets
2o SorRE2 ke SR RGBT A IRES! 68, SRl o o b el b
wher ei n s@0 dvitkthdveashe omrmtlpanwnherewmmyeWeébrg"asdpresseae daridhioneé witht e
conprj ses thre? on
15  relatively strong? gas pressure. 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 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



10 sections, a first and a second of said sections being connected{at A 2002
" end, and the second and a third of said sections being connected at the

ot her end, wherein said outlet fromsal2l second plate connects with said

. serpentine channel at a point mdway al ong said second section, and wherein

sai d openi ngs from said serpentine channel are fornmed at regular 15
i nt er val sRefesting taFipsi8 aod Snal pogsible eawodinent issshowrs i whichy isf Pregr éden as

clainmed in_clai ei . i r ' f.1h 0 Lq.fo | at e
compr 1 e Arpied! T s FAE i adiAGel AR RS AEReRAG it G bhel il ferd

ser pent i MY ahaprsvided béiekrt Foried whighemay tetrhovedbetwéern paeusitih $tiawn sai d
third plate_are |l ocated at the intersect]ons of said sections and said

slots. 19n Rgs@ e whichy ["Bﬁv §eearaie Wa?ﬁ@&eﬂtnzﬁp%ﬁ o %@r gtheraagdi@d bl ock
of a gool (NG FPuE Wirﬁ?@égﬁz g@cmﬁé afe RldeR ©OaIBH sibkfaids foget one

inlet Tor receiving fres a second plate connect an outl et
from sai dransfetre¢| eteween dzdresnBetwieeh adjabeniszones are gironigledesuspartiog wi t h

at | east one ser ti ne channel caonnected . to said first plate and being
or ovi ded TETIPELS T dpLPHRRPHHRD Hog sleliateg When they SimbeRyesh BIogks. o ¢ nir d
plate formed with a plurality of openings for discharging cooled gas to a

sai d conponent, said openings being connected to said plurality of outlets
fr om sai dFigacthang| 1 shove further Nasigligrs ondhe egsigncef the biacksafdhe heating m 19

wher gian Sa. e r i : ] ' ate
conpri%esidi B AfESSoIMa I PFones. fiHdtRas i Mo RyidinSfita sihdl o <

bei ng conggsipef gas dividall into threbepartscbefdrebding suppliédad theicdbveepldtens

bei ng connected at the other end, wherein said outlet fromsaid first plate
connects ¥:tiR g varialionephElgsi O aRdnhlethrae senzsate: Sonreea Pf gasnmayabe
second s ' e L | ?? ' ' | are
formed at rg%fja%%n%rﬁvtg?@ cgﬁiogaﬂgﬂiw ; |riqm{z§ﬁ®%{rﬁlt$§b§§§{ F%ﬁes 1S§A

sol der r edividedontn threecdedtiond 83 byl walia 86 suvhr thah edeh zbrec sadiyidetbindpeni ngs

f id third plat npr i | ots, that . ext di cul . i d
seot s o8 a0 2SRRI EN i Sp TPl HSAEg Rel & Badifén Afeiy
openi ngs dafbwaratbss A e gk%@eﬁmebeﬁ%hgok@fe. tTihes baéﬁbmf,cisi ;S‘a(ij‘rﬁclﬁlérl ai d

sections and said slots. 2 solder reflow oven as clained in claim1l

conpr i si ngsefubler daigensuhstiates where sope seginns Shitle substsater mayce Gooleher .
menber o o B Bhes Y UER A TeboPind3bss Bufieffhes IR g DolEPR 8542y o5
zones, anfiovité fepeaserbel dorvection Weatimy.t hey are noved away to allow the
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



. transfer of conponents between zones. 24. A solder reflow oven as ¢l{aijfid200?2
in claiml wherein neans are provided for supplying gas to said zones, sald
gas being heated or cool ed respectivelly 30 in said zones before being

- applied to a said conponent, and wherein neans are provided for extracting
said gas after the gas has been apgl ied 11 JUN f2002 19 to said
conponenfrons thejt abd’ R thaaMen epta PHtpUL platfarms: frem which dheyarg themet ween
each adj i kv Lk i i | ai m
24 wher o 1OV, B g Bl REer, Mook, AleChy ik RCHE: 38, ReHigBel e,
connect egubstrates hareb@novent byeaetranspprhemechanigars of dhd sameshipe asntheol

val ves associated with cogljng zones are, capnected to a chanber fo

recei vin apgpert r{'@eg&ms’%‘?# é&esfﬁ%'é’é"r OY&% '(5\)0"@3’&53? &'i‘%\tl 'Het@ein_aewﬁri fﬂ_eZS _
wher es N 3,68Fated draimovéll A dRethsh bppdsitfo M dirdcliorGFBlemenPbPiHeded in
front of the first zone. 27. A solder reflow oven as clained in claim26

wher ei n sebstratestinrthegenerc hihensubstrates arednpyed gato andnefé the siranesihy

et | ow ofemt iR ehtedfr Safes TERGTRG Hiakatart < 8. Frlf Sl Beut Bidforts ng.

i nput meaes, 30 ir At hehir Ynilarme nhet Sverahds sinsliadlyesade MdvedC afsighthet hamber
wi thin which said conponents are subject to a solder refl ow process, and
out put melaager.der gxample by Hanelemperhanism ldm sai d 20 oven for further
procqsési ng or handling, and neans for transferring said conponents through
sai d processing chanber in a first direction towards said output neans,
wher ei n #died the mieering prodesshiercanpipts, the substrates ate/thein maaedrigtenaity

cool i ng zo?es, erein each said b] ock of ;ach said heating.zone arLd each
sai d bl 0ORQA rsRicgess Anediye Whers any He@F‘g‘&ftRPae 9 BABG [ esh

gas, vheigiibaihl, Muehk a8 1A Shddthtbrh o ¢ e PiPVhdRRi | BoRPans
for heating sa gas, and each blfock of each said cooling zone Is provided
wi t h neapackages doshould bainbted berenthaat whendthe stdstratésoare being tramstergd h a
ser pg?ﬁti ne,  channel ; het ween sai d sour.ce gf freshfgaﬁ‘ and_at Ieaﬁjt one
opening PRMRH MRIYRS i RFOGESSNE WHISqPE M RHIAFHING PRCERB RS ds a
conponentransfetrell Hiltal00R Aght28nglés 16! tHer progbso \Wire¢on aRrdughl WA thec! ai m
28 wherein said block is provided with a plurality of said openings in the
form of SHbsWategtaradMAYedavithin dhe psoeessdchamber gf the refiow Avencanth alsg d s ot
being fo 1 -shaped opening. 5 30. A solder reflow oven as cl ai ned
in clai m%ﬂ“mweréﬁﬁ"és/’ai d slots are spaced fromeach other by a constant

pitch at right angles to the first direction. 31. A solder reflow oven as

clained Ln claim28 wherein Ehr_ee char}nel s are 10 forned between a single
sour ¢@ oflheapyen P gﬁefgggdagm qdignents|qf ithe fresent 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.



~discharge openings. 32. A solder reflow oven as clained in claim2§ phitiNi2002
three channels are fornmed each connected to a separate source of fresh gas
and |l eading to 15 separate groups of di4charge openings. 33. A sol der
reflow oven as clainmed in claim32 wherein said separate groups of
di scharge openings are divided by partition nenbers. 20 34. A solder reflow
oven as clained in claim28 wherein each said block conprises a plurality
of plat esggéﬂ\éﬁlnerei n said serpentine channel conprises a channel formed in
at | east said plates. 35. A solder reflow oven as clained in claim
34 wherein a said block of a 25 heating zone conprises: (a) a first plate
formed with at least one inlet for receiving fresh gas, (h) a second plate
[

( .
formed with a Arspiden reflowoverdor dhe hracessing frcampenentsbearing selder.sai g

chann ext endj biR: D L+ i ; ' a

out | efg from salbgﬁggcg:'g dq'?)@'gt Ef,%a%li%? @Eﬁ?@g@g @ﬁ@&ggt'h@ b@?g%ﬁn,f %r med
with at |east processingichpnebemwithinavhiclnsaid campensnts ane sebjectta aseldgrannel
connected to sai,d outlet fro szi\i @useconq 'Fl atﬁ and bei n% grf)vt"ded wi,th a
olural ity of ol Brocess. Ry olitpd,MEANS fat disehataine GPmpoRBpts iram £3idof
openi ngs for dhgeh3sOfither f88EAINGRF Hahdfing 2R PSRN F3H trarfstefingPeall NgS
bei ng connected to said plurality of outletS fromsaid third plate. 36. A
sol der refl ow compoaents through saidoprecassieg wherdien iB & tirshdireetion tawards

sect i Bhs. a 11 Pae siPd” Suddhea el CoaB. B oe IR chBhuiele EBubraBeche ana
and the secondphiiglitf of heafingtind Todling ebhes arranged withm eshstdnepitdhia tagher
end, wherein said gutlet fromsaid second plate connects with said

serpentine chafifgidirgctianpandiwhergithpaid Bagsiering meansdissadaptsd, toam@veher ei n
sai d openi ngs ' pant.i:nes . Ak ;

I nterval s al onéégzr} %ﬂ*’ gpé"?{saﬁdéé'ﬁﬁr'rgpggg |'%rﬁg? s .égquggf gégﬂtﬂﬁ %(\%véeon\;en as
cl ai med in cl anoviig ahdisteincet dgualite tharpiieh between two zones in each stage,

16 whereby the components are moved from zone to zone in stages.

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 fromsaid fourth plate conprise slots that extend perpenfit'cgUNijG[g
sai d sections of said serpentine channel of said third plate and the sai

20 openings fromsaid third plate aret§ ocated at the intersections of said
sections and said slots. 38. A solder reflow oven as clained in claim34
wherein a said block of a cooling zone conprises: 25 (a?\_ a first plate
formed wi th amovingssaidrieansierepinsobetwaesi aifirgt pesidipn gaswhich)they sudendl pl at e

ool g meansREaBt Rl dras 4r hshpl . Bt nddds, SR EOmblcheo® g (.G °
first plate aésbdaﬂiftﬁitwmm Whidhvédid trangfer ipins Hy not so Wxtenids . arwhereln 1 JUN

2002 22 (c) a thir ate formed with a plurality_of openings for,
di schar gi ng cH8PBE agaprevided fofipovipg s@ikAtns ‘§z%aéf} fiest AiragliomBy e Bitethect ed

to sgid pl “F%Fdééfd %PQé‘Wh%@SsVéi]& pmssérbqngﬁéii)ﬂ tBoditidon, andfor rﬁo§ﬂé%‘3§i}dreflow
oven-as clained 1 n clarm efeln sald at | east one serpentin& channel
fornmed i n saipinsdnandinettivre oppopite tessaidfiest direntipat whep aicdpins aré iimst and
a second of s%i d sections. being connected at one end, and the second and a
third of sai dNEESECORY POSIIRG- connected at the other end, wherein said
outlet fromsaid first plate connects with said 10 serpentine channel at a
poi nt m dway al ong said second section, and wherein said openings fromsaid
ser pentifhe chusolder aefiow mvencasiclairagd lim claimt & wherginzgaid dransfes ming are and

i sdRar go. 16 Sirulite o FsHRLah et B Ao Sy owen e Brolfadiien,” '
per pendi cul arrotfteseaid DRACEH WIS tOMOR thes Pinke betwieere Ralth fitst adnds @ebosgcond
pl ate and the said openings fromsaid second plate are | ocated at the

i nt er sect i onsPeSitiang, ANsWhEIR MeANssareiPrvised toxtecirocatessaiddpdralendw oven
as claimed ingg§ fﬁ%@%cﬁbﬁ%g%@@ﬁhhf’%@@?ﬁé [t0% b%ﬁlp@érﬁ%érs&.sal d zones
from each ot her. . SO rrefl'ow oven as clarned 1n claim41l wherein
sai d separation nenbers are novabl e between a first position in which they
separate said 25dzone , and a second 'RO i.tion in whic th(ﬂ/‘ are noved away
to 4B owt he 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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10%& ()- OF 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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17. A solder reflow oven as claimed in claim 16 wherein said at least one
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 first 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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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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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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31. A solder reflow oven as claimed in claim 28 wherein three channels are
10 formed between a single source of said fresh gas and a plurality of
discharge openings.

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 separaie 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) asecond 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. A solder reflow oven as claimed in claim 35 wherein said at least one

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.

37. 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 channe! of said third plate and the said

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

38. A solder reflow oven as claimed in claim 34 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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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.



