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WD 2008/ 002904 PCT/ US2007/ 072096 PCT APPLI CATI ON
Title: RAPI D THERVAL FI RING | R CONVEYOR FURNACE
HAVI NG HI GH | NTENSI TY BEATI NG SECTION 5 Field: This
_ ' jon is directed to inproved IR conv r
w?}%?é}s’gg@% particularly useful for netalli Zg‘;éi%éur?momno%
firing of screen-print®d@T APPLICATEK@Nar cel |l wafers,
aving an inproved spi ke zone and firing processes
ﬁay result in higher manufacturing throughput and
ef f IRARMICYTRERMIEL FERING i I 6OMVEYVOR mh&m&g' YA PING HIGH
el enent. The inproved systemis characterized by a
spi INTENNMTYHRATINGSEGENr utilizing specifically
Fig@nfigured high reflectance-efficiency reflectors in
cooperation with IR heating | anp el ements spaced from
t he Thisfdpplicatins it dirent@atoeimgpoolel 18 @hagne fanadebaparticularly useful for
- M- abl e power density of the furnace to be. .
Bt 1 37 Pk B, OG0 b ool il mproved spike zone
andh dainig nErot 8589 Sthap assalt dn chigtier aXARIMEAEInD SrhtAdBpR fantli &MBiciency of the
g{}igup to O(A% of1 rated power K output w thout . .
resgifiog ielar ssiigp OtFlt4ik Glement d0e YarrerRdsTyRemtia peasasitrized by a spike zone
hedtRg UgtRgbeh Quilitthg aspe&flcdliyd B&nﬁg’éxéﬂeﬁfﬁﬁ %ﬁgctg%eie%cié&gp%ﬂectors in
to so that a greater amdunt enters the process zon
coqpstagion withdB deaiinetlinap elsmgnts sppced fromttharfieabsite beae yoding channels
ftﬁiﬁml' Ltk i r furnad &, fpakri cati on . of
j[has' i é&hreglgg@% pgo rarﬁg%e Iog Lﬂlr?eng i ggo ggﬁﬁir)ﬁs%l&la@¥ increased so that the
infred ihadtingdemps opeats aset exteraied periods of wiReat fip o O00IeTof rated power
General |y these processes include single crystallinge L
oupH W&‘@%Qﬁ’ﬁ’&?@“ﬂﬁo _tfﬁ? SRR RS a&m'ﬁt?rgwﬂa fresrnthesinfra red light
gerREat&R) the NarBps 4l doi th s Sreabd AGmb bREH $hd Frocddh 265 1h88 Blereasing the
solidification" furnaces. The result of these .
beating eHedt @ud eifisiepgief the i mdigiorhaped” singl e crystal
Ba gsa.cal l ed ingots, or multi-crystalline bl ocks,
romwhich thin slices of silicon are cut trans-
ver Sed fabugation 'ofkiheorskassd sdlay cblly renuicas grmusnbleno! spetiblized processes to
f.ers. These,wafers et her nmade. of . Si e L. .
oodtf IR ESpeg P i ity BE Poskifoniilel visgls, Fufis aiicon ngors
growein pirgstat sgedhineo flrades S@Yﬁ@hﬂg teves eﬁlﬂﬁ-zﬁzsﬂaﬂjnte?@lo%l&o if O'directional
330 nmicroneter _range of thickness. Becayse of the
soligtigappy yﬁmaégsui Shve of HCREORTOCHSHS Arclgps etisageshgpers single crystal
mabRYBAIRE HERNKE, BEmuRBcNREIBRS blobks) B whi¥PitERbilcés 48Qticon are cut trans-
m croneters thick., Finished raw wafers are then

vergplp Faths &re sawe” toutemn irewghriglas eplh wakes. (Thesecwadens] whesher made up of a
s o e SSL Y BRI 4 i smoots vt
in e d b g3 3Ppeicamictarsangernd idnckniess. Bepase e the cedréindof suitable silicon, the

di ffusj.on which.creates_.a sem -condycting.' p-n", 30
cunfdah R Iorcmaiin 6 S BEer SRR P Hicafipes Pl
i N FlBhed RSeRERrsCire #chqira@bded nth TRSIHBARE W6lar SAM! EPable of genera-
. such as a sprayed liquid of dilute phosphoric acid or
ting, elpgEiEHY &Y t%naéﬁﬁmlfatfsewp WHISF Procersing PATE3yitl vargus rleaning and
etchi¥g QHQQﬂidn@,genﬂin?riﬁ A&RocebPealibd RN M Jed %milgﬁducﬁng p-n",
t hus-doped SI forns the "emtter ayer of the :
junptiast dodsl Dafifesiangdceurs ehkigh tepaperatires inghd preseeteaftattomstive phosphorous
S . & qht nor.mal _phot o .
sor BB RASeed Bona PP o brF BT B BYLF masnparpus oxicior
idePOEL) eented by bubbling nitrogen, Ny, through liquid POCL;. The thus-doped Si forms

the “emitter” layer of the photovoltaic cell, the layer that emits electrons upon exposure to

Ti

sunlight (the normal photon source). These electrons are collected by a fine web of screen
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WO 2008/ 002904 PCT/ US2007/ 072096 printed netal
contacts that are sintered into the surface of the
cell, as described in nore detail bel ow. To enhance

moﬁmﬁlohty to form | ow resi stance screen- pr}*d’[‘/{?‘s%owonos)ﬁ
metal contacts to the underlylngm3|llcon p-n

printpdcnstalcontrctstibyt e yinterednigith entace afthareel, asfdescribed in more detail
beRR@sphorus are deposited 5 onto the front surface of

the wafer. The phosphorous is driven into the wafer

vi a Ta énbghcet ﬂn‘pzﬂnlayumefodnﬂbwsremmmeom }irﬂﬁddl fAgtall Rontacts to the

ungiiite SR P2 unehon i deves  hiiova AmorBisof Bhosghorss are deposited

ont fH¥EHont HRVWBYL bf thddvafed! THY ip H&Fﬁ&o@?shdnﬁ%nﬁq&ﬂ& %'5{ via a high
at the expense of a loss in ce ficienc The ce ﬁ

tergperatereciliysion §rocass lsgingaw W egumyesofhe @K@%fﬂmﬁlmlb’sactwe” phos-
phBRk TFafEN #e? %o rédlstAibe R6hcd BE ve %&?P@o r% Qfé‘lg %é Iilorﬂg,tlon of such

absorption of higher energy but
coptb,cjs oras the'ﬁxp&me oﬁh lres fid @ﬂte‘fﬁqndnm}r dfite cqlliefficigney s mh‘ne@ @s a result of

e | .ost ti their contrib
o235 8 pefebensiatel ¥ ek TEE Beh e apSigtes GRS encrey but
sh@fl dfa\/earehgh%hﬁioﬁﬁ IFHag: ‘eHigk Eglﬁ’hplﬂﬁod@ [fORRESREorhing Eﬁfpé‘r@ lost, thereby
d, sem - conductor junctions fromthe sides of

eh{ﬂﬂf@t% r sontyifalianap dhesposyes seszatien ofbe relhn

ant mﬁ%ﬁmfﬁ@foh\éﬁd v%ﬁ@ﬁd él&mr{gyﬁidce%&ﬁﬁg k s€&QNo r}leﬁ{ﬂ/éjﬁnwanted semi-
(SiN3), generall % | asma- enhanced chem cal vapor

cogrygtos juntBonsi fepm f tBe viaksen ﬂgowﬁensfam hedal with an anti-reflective
i r atl
co"]sgﬁlu]gg @&gﬁu% nlﬁ-‘ (gnr %@g{es@ﬁeﬁ)hgﬁ%&laﬁ bY %er a @rllheémcal vapor deposi-

tion VERGV DY Bt EteSonmntdf s bmeetsmsethe Galfars gre(dﬂaﬂ:)m bparation for subse-

posited to t hi ckness of approximately '/4 the
o PR 1O S B O TET o, | AT o1 ARG

appirhe 8N QRti-fekiectiel dosiRXART s deberdy Bl é@nckﬁégsfoﬁ ?proxmately Ve
color. The ARC m ni m zes the reflection of inc

theyWatekmethheh Hishy i risrghm ditep ARG avnligaioons they eslls wghlbn a deep blue
u% & . %Mﬁ@%ﬁ@%§ % ?e?fe%n L@ﬁeﬁﬁ@@aﬁ RERRS wavelengths

y m xi ng silane ammoni a,
arownd 0 GgmiatondN2, gases in various concentrations in a

i STBETAR oS Ol (e b G W PR e, Y S sitane, i,
amSidniaC OVH;, Vil epure Tdigodeyid Na,ggﬁlsehaﬁ ariowy edideifttdtiols in a high or low

effect .of repairi bul k defects, espggially in nulti

FreGney UMY el By PO SR % v saniflgreo the siticon
wallreThd RHrBRinehaRa feber@btol L ERTR bN Rphifigl PR d4EGY Q:'S}?b%all in multi-

cel| efficiency or power output. rlng subsequen Ry

crysfaflinggmiteread. bEleodgfects ey @ans where piseirant e paits by ecombine thereby
red%gﬂg>ce ekﬁmafﬁg% Hole: By gp@ gﬁunﬁ%o smsééue&ﬁ;@ﬁﬁg% g%g yb%[og), elevated

short “firing tines are hec
terreeatant (dbloive 4&@’6&) ogH reahseothe ‘hxydltoggamsdlffgse backnout lo€ the wafer. Thus,

er..lt is best . ro IS captured an )
shopEhe e S R 0BT e VR B el BRrse frofithe water. 1
bedt @€ thRfhyddQer s lchbtufed W5d edtdihdliowitfs teibalk) matdhid (BpedialBfin the case of
he so] ar ceII is covered with an al um num paste

oty ghys CHBFTREd by a screen printing process. This
A ?Q@Edﬂﬁ @f i:h% shiaf 8di1 © Eb@e‘ijed WikEhh athrhnG8: pak(d c@ﬁnlggarpplied by a screen

furnace to alloy it wwth the boron-doped si

. priptig REpSess. oF i A caanngas; farsg dn%d@ﬁ“ﬁ@lﬁm amlR Brwest &0 glloy it with the

bogogﬁd ?@cf: ls(lllg(#lr, ftﬁ‘&gb over rﬂ%gmbg&s Elsfaces ﬁg dl” %{gﬁnlpfbﬂ}e back surface

I Screen- prln
alusiinifng pastanis tdhed 2hen the wafer is flipped-over for screen-prmtmg the front surface with
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WO 2008/ 002904 PCT/ US2007/ 072096 sil ver paste in
el ectrical contact patterns which are then al so
dried. The two materials, back surface al um num and

wh8iloosi f ace silver contact pastes are thenGhrchin %006
inasingle firing step (the subsequent firing

silyqsfpaple dul-clegtrispbvenfact Phftesn whichrare glegaamsdmﬂde The two materials, back

full
IERSEARH 54 S0y HUB-AR: SUEERB AL 8 LYl e s
(thé sdrsequept ﬁnmg‘ @iberetigo simvel ril“l:msrcaqﬁleng savésdone pkdcessing step.

s 0 o sy EPipRonE O vt e R e LB oG 5t whil the fom

or Wptsbiﬁbetlb’l Scré@Hrtedvifies ﬁﬁ’d“ndﬁfvoﬂ(hﬁ mﬂkFé?—%ﬁ&ehl'h’ﬂgs cAaRe Lt larger buss

Si emtter or near the surface. the same tine, th

copugiveste [Redsqtbitee elsetrpraresaerpisd wthen thendaplesedeteafosr oft the underlying

- do é?lngleé'rﬁ'tt&noro cak i EurfaBt %techpg Cihd ﬁ{ngeytheéhf éhgg ﬁ£$ﬁ§ open area is left

ast es have been dri ed, are
ungryeked Sor tha cenedrsion nfl hglallntgwéecmtbfeAftﬁethéseqmstes bavedmen dried, they

t »S n ed 0 h| ee
eltaaC% %F%t u?}ée 1|E’ancli{c cl)lﬁ%ey%1 L i n%lg %leg%, %D%tr%‘gt?ﬁe P3stis sintered at

hlghhfmwd alﬁﬁSalt Etgaﬁetﬁpﬁ*@tﬂfﬁiu Q:b@fe?oxoﬁﬁrﬂab& th IfEn gﬁbkftﬁ,&lﬁgr dhinic resistance
the solar ce The instant invention is directed to
CORAYEIRTSYL e E’Pﬁtg‘-‘uﬁfﬁ'?%%ﬁ Releri ng processes and IR

fur PRC Gsitdh® feltel
pr oo Soten® (BT Ll 10 S RHfMEf WIS Eing progesses and IR

fumages o ﬁu@bcﬁﬁmﬁ opr etheroipidugiiai proessiasg Gurronibs gezslahlavﬁl conveyor

e ORGSR s i o

numben nfmegnmt Emhtfﬂgma s mmﬂatéd):&m thoef outmdrseﬂvabnmmt wzth various forms of

. C ressed i sul ti oar bei t he

e e

jus® Msida ﬁﬁ@eﬂtﬁm&#@ @.hplﬁié'd Withih I@rgleﬂﬁlﬂﬁlﬁer 113 H‘Hﬁtre@f(IR) lamps than the next 2

i nfra-red é nps than the next 2 _or .3 zones to
of BZOPRH 1 TPIH lwe&%%% e ‘eRpaER of tBe frcoming W@W’«ﬁ@w to approximately
42§dd ltd: Q@Odﬁaf qhi 569113@1@%&95@ HEY §bY the AW Zél?&‘:% stYifze the wafers’
tenperature is h for the next few zones t

tergpezdsiviei and inthiee verples' btmmoufefrﬁﬁk aitganie camuomeﬂi§u¢fethe silver paste. The
n?o gﬁrglgzg Lérarjl clzﬁulgon %ogg J[ wﬁ[u?gﬂéf-n S%n(fgc@ o %ﬁ)gn 9 161der%tood to increase |

cmﬁma&emﬁmmmthln the contacts, as carbon is understood

crease 0 tact resi stanc Fast firin )
Gen RS T EepgaIy Gieh ORTH S ATLLS BEeitssie EHBttes do not have time to
difER it tHeQSnifQ. AfighAMen iR id Qitichll ds iSRtivaioR eh y for the impurities
emtter. A high rate of firing is critical as t

to diffuse antp dhe dored g emitter tregion ispaenerally dowep shangthaf; for al@@nng the silver
t I | 113 Lh]
pltlel (REpHPRE U AL bl S DS cBEP bt TR BAEYy spike” zome
whae@ﬂhemfdrﬁ |t&npnrghref is ginokly raised intolthe wage pE70nt 950"@, and then cooled,
tenS|t zone . wher the fers
by L AsParhPere i h PR dCRE ARPRS, e R 5 Roigipid ot the peak
terf) z@ureanla’lamél? fheC peakedtidth EhouRl beakdisingl, Qhatnieaﬁlﬁ dwidlit dhlort, while the

) rs exit the furna The wafers are not held
%ﬁl@ﬁéﬂ%é@éﬁe@t&fﬁ@@?@&?@ Lﬂaé’f:ﬁ?f’l’ the peak width

S houyt,dc08, [ Mk 'E&lrent tsﬁﬁet of the T ARnAVGLIhah Qt%ﬁlderéﬁﬁ 'al'eenot met. Rather,

he 30 ascendlng descendi ng rate sl opes shoul

' thcbblgb melplty Hpike \rone i fﬁmpheﬂ eqpyradribe Hrsheencovhargia lRFkamps are arrayed

a::{oﬁeahi e eﬁgﬁ eoeﬂeﬁétg b ePar il @elm tthf{Tﬁélt a:ﬁﬂtg' @ﬁo’q_pog érstem As a

Si't e zone 1S
redulir ik cames aN’mffersrfrathigh}ypnefﬁclemaer aﬁéﬁ IRElampsﬂlat feet the wafers in
waf er transport belt, both above and bel ow the belt
and its support system As a Yesult, the current art
suffers fromhighly inefficient use of the IR | anps
that heat the wafers in 3
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WD 2008/ 002904 PCT/ US2007/ 072096 the vari ous
processi ng zones, and an excess dwell characterized
by a broad peak and shallow rate slopes tenperature
t he spi ke zone. Currently avail abl
ws%ﬁ%%#@ﬁo generate 1in the range of from ggg‘H{sg@%@%o%
the Yarighe DrocaBg/zoaeso Andl pmexcest dwelhplenatanzed by sebroml pdak and shallow

k_t t
rot§ DS orfifliurc oo WISORESind. STRELEY ot B PR o genorate
in dmrranmf fmm\abymr 8(J|t°|can lsabomtt 100&C/8edoad| uage ﬁs tdnfjer e Kfrse in the spike

Z O si ca on C e noves a a
0, e g‘f Eﬂﬁgé%“ e st 91935%05 @PB%E iheettirepity andlable rate of rise at
thel c%ns'ﬂnﬁ%oﬁﬂ@of 2a8porl Be ?eﬂ@résotﬁé Spky 8421934 Hfs?d%lly long since the belt

characteristic process l'imtation of curr
moxGeat [a gonsant fpaefa & be dwelkpagk oé purdnb proceskdsdg also tm loge

rret h [ f i cant I )
", SIS BAEIRGE LS AL R e
ﬁlrsadwbas elsterousyeficcal ¢1yﬂmeanaais¢cmmts biothe tpihaséke vilich significantly
rrier, for .the

hm(ﬁs Clgﬁ(%} ate§ gﬁ@ B ﬁ%hb‘f?‘g{af ﬁreg%qséémlgaﬂgrfanmsts of four phases:

n O I’l v O| allh & @cHiclk phme Swhlcﬂqfh@ts&‘a@ la \6@He B 108 URHNALR aH¥ EddiBits of volatile
the drying step and the polynmers are renoved during

t heSoYFhi-a8¢ powe‘aﬂleweweé&, 8535015'@@1@ nevmfzm @%@@MM@ and the
pea,

oA kit 3R B AP e v e
15 mbéi@‘maﬁ@pa di ssol ves the netal povvder and pr ovi des

adhesi o ate durln f|r|
funct i ond gcgeé 21’?5 FRae rgglPtl ¢ gless tﬁgtw}g&i hajds fhg paste to the

Shaspma:ras daﬂmldes tipheres poatderaand pakRIS) adidndn(t8)the substrate during
n‘deLfI ers (such as flux) which are small anounts of
add't#&es proprietary to 20 the paste manufacture

but whi C(?Lh%ﬁbnatl hBade QBidtalIROpdri@Es Wt e eﬁﬁér %hé;ﬁb%@% kfdall spheres
firing. e solvent is evaporated conpletely i

dryerasfiekesy; a8 firing. The resins nust then be burned

out comp e

ot netEpRieh Kby SR hATkBAES bPLdes proprietary o
Th| the psstamhnldaweéoubwlmdh nﬂﬁ@ tho retf(€l thagnd pefile used in firing.

erature con t.ori in t firl roces
T SV B e bt R g Taficr PR tge T 7B B then be bumed
outt qu:leaa?e@pre@?nt:dﬁﬂ)oﬁ rfﬁﬁeﬁ}?exﬁtem W(éiﬁ} 1?6 eRbtrichlequality of the metal con-
conposition o e ss frit and its gl ass
tacis gﬁ% i‘StEiCB’ﬁ"?de*i‘%B'érfda‘P%r@ to 430°C{ 4% the dsmresane cgpfinugpisytise in the firing
pr&é&@tthg onsd it li')@élhs of mElb eThd {ebnpelai€ of thisHsp&O by gé gr&%ss depends on

I'ver "particles. Tg's are typically around
the@@m@ommn iithe plassHiit gardaigsselsss iansitiemisinperatuee, . dmaé oxide | 1s an impor-
{s h | o
oy AR IR Lt RIS s RREmb R, 5 TR Bl pifma s
- 600k at which & glas® &iﬁi(ﬁranangm fram asbhd, emotphgead hmicturd® one that is more

il ver rtigles thus,f | ower resi st o
e o B e perpudtes i, e Bvest GOSRG Abi 7 ARG — 950°C ramge 10
sin®€thg e eahelsiivekbattitied theehahily allewedBsstadek todduclhe frit
glass must not flow too much, otherw se the

scrBénIpRarREE 2cspmBlkish thisrequenes Auigklnder several rrasqapy First, the fit
gla.gs?lﬂﬁgt ﬁottﬁkﬁr ﬁ?fof H Miﬁ 1Sl (R 5O n% cka){taptl %(gv??\évnm%ﬁ G@nd thereby

ace From ncidert sol ar

redgeecthn ctlﬁjtcmteh@allgd:taslsarﬁa by biieckungdnoretof nhmcdl stinfat:h érom incident solar
I gt_ext.en nce .t wi | | ,

rad%artllgr easg‘g‘)%s rlghesgSl ?Sesgflr Ié%’r‘%{g of™ heﬁlc%lﬁtsgg TP a‘n}‘—c’Per? ?Iaw great extent

sinad thisofvill intieasrekered @bistaist ofeth€ bontdets. Finally, all of this matetial must etch
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WD 2008/ 002904 PCT/ US2007/ 072096 through the Si NX

anti-reflective (ARC) coating (about 0.15 mcroneters

in thickness or t/4 of the 0.6 mcroneter target '

h for reflection mnimzation) but

W@%ﬁﬁoﬁﬁg‘ho drive through the "shallow', dggijé’s%’.”"m“%
threwphttheBiN, apreflgptiey {ARGS) opatingr (@balit Byl Strierodictdraimi thivkadss or V4 of the
o G teariorpienlf PrgEREan fjiaPptpg) Ty abdRtnue o arive throngh
theMsEAIRAET 86pedi 1 dnflit&rBRS Sprefolly furhadl b9 he iftikioh Bf hsphorus onto

generally in the 0.1 to 0.2 mcroneter range., Thus, . .
thettep swfce of thetpelype silicaie Frmitters pre 26nasallt 0. i P.Siaicrometers in thickness,

. hot [ & aor nchi ng,

but?sﬁglgh %Fg’?“%%ea%% tF%‘%‘I@‘P gsll on of t eéfesfir%%r particles

i nt Bhusheo sednirob the etobwdeptth ethe ndintere must dermjwegched both quickly and

cr allites fter_etching. AR.coat i and. s
o§PEEbE b6t B BBl b A0y RS SR s et
theSohidrI(ffr@ingatgdtal bR s)atiepephihg the diIbyoatinpaad creatirign@od adhesion of the

This is critical. If tBe 10 Sg vgr drives i,oo eep ..
glapstoothe (5Hlican subsirate, amst P pcqemplished hyarapidneaotipg Thas is critical. If the
sil&??ﬁ&&qoo I&g» hSH Hoped i RAbtter id)8r, 8 jlmdtRASE Shorted. The result is that

efficiency due to a'short circuit path for the
theedetl dbosen sifpriandy clud .to Thihgrticdrcuirt path flon dwneleatroas powuced. This is also

shunt_resista [ [ cell. But in
kn%vgh?sraalawgb‘f%ﬁ?sgl Y g%g é%ow %g‘{lﬁy necessary to sl ow
r apBat i@ @ohiratiction, Diddso tielgmeesabary thdoglrasd cpdlngdn tooder to anneal

I nproye adhesi on. Taken et he he cpolin urve, . .
they Bk T e KT TEBO 0By T S5IE E e AROKS Tk this: rapid
codling! A8 tBORRAIA WIS thipariaret to/AHdt 706°€N 1EdnON & QbR for annealing

for anneali ng@ﬁur poses, then rapid cooling to allow
putpheesyihererapidocaaiing ta #lov e maks taexihthe dipaseat @tenpegiure low enough
to GEBHER L BBt ARRRA Wk ol Rl SRR PR 00 G2 o P e waters of
thetthevimpednngyos ovitheyionarving hewtriarar ri ng t he surf ace.

Singe there are dinensi I I C: : o
conSEFa e ARoaRan e et Py ey fibasig tamp dgmicy m e
Spik® BéheliSndt@en@eiies dabileaolutasi Inladdisiob,ithé paak tdmperature is held only for
addition, the peak tenperature is held I or .
a fpwpeoadon die pikeqo8e g dsbending fhe Pf&ggﬁc‘?é/ﬁﬁ tq e Sharp. Increasing
TadyDEEARY A 8 dibB5OARAYSotferiRoSRAYTE) in TACHE AfkdiSed deABY casily results
ensity can be significantly counter-productive, in

in & hragre tgheslupingdepeadusdtodbn seflegti@netf|the produgtiagd the,inierpg) sarfaces of the
< 1%I:adueal sl ope due to the reflection off the product

PRREThe internal surfaces of the spi ke zone. 25

Li kiMestse, inoereas tha gowhetopieeemps & toheurteatip $easiblerteause higher out-

pof {Pouge b o e G PRk RE Rttt oyl §Batiisubes. Mot

fur@¥de8 hRAtheratRbie totiRlled Misde thé IR hage Sr@piaced side by side, on the order
t her nocoupl e controlled. Since the IR |anmp

S are
of J123¢ @persi cgeh by heds adjgrentylamgs.dWpen ge ?%m%iﬁir({e}ect temperatures

ap?ﬁg@%ﬂg;?etﬁéﬁmﬁ&hﬁﬁﬁﬁ‘} cdt BARSpoWAP R thE Behps. This results in lower power

es ‘detect tenperatures approaching 900C,
dendityy clmugesria thiecspesisal outpubeidhke Bolear amustidns (hawp g lowdjegergy output),

results .in | r, PO ' n i n- -
ol 54 B b B GRPRASh sBOAGES i focesing. 1
thik easelts @il eficpinto) the otherlzanes sintsthie ivelt isecontmebus and slowing in one
sl qw down t he conveyor, bel.t speed hus .sl.owi n
2ofs FERS B 61t 1 211 2 5o thap Rt st Bk ] A% josopensate. In
tuin§18winB SpatABY orZddN@Streatd AMEs AffRishRd firihSzBRNOVbOISg of lamps, €.g.,
and slowing in one zone slows the belt in all zones,
so that adjustnments nust be negle in all zones to
conpensate. In turn, slow ng upstream or downstream

zones affects the firing zone. Overheating of |anps,
e.g., 5
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delay or failure, can cause the |lanps to deform sag
and eventually fail. This deformation also affects
WH%&%‘{%;y of IR output delivered to the pr %Etﬁfsmolﬂhno%
I mportant that the atnosphere be controlle
duer t@rﬁh@@@cowic delaynen jailues, grn cattse the lompt o defown, sag and eventually fail.

S [
Thﬁ?ﬁ%)g&l%tg@ealnus{ @%e fela |°$e y gpcon SH %gsmd et
I anitnaimertand thantht aymdsphdye be nbntrcdﬂsd umﬂxarﬁmgceaWhlteanany metalliza-
articul ates that ubstr at.e

tl()% Ogeggselgwaasl operaie in %%Lﬁ%ﬁt 3}tx ‘EPP erg Hpust be relatively

corftfofleld ghd Mﬁz&ﬁﬂhﬁmﬂﬁfy&ﬁﬁmﬁﬁ@ aid Sﬁ:ohﬁl@g’al@'b&l ﬁﬁrouﬁéey articulates that
thin, light and fragile, Dbei on the order of

comyginalg: BF GHesiBesSERERSk and jpt mb@}?ncea@amfhgwrb tie” product substrate
u u Sl

v AL o DA B0 M U D o 150 — 550

migrpmetethuthid, dmta;iduttmn 18 mghacrdpmghgcs, inheenad tudbulmeal et causc lamp

..heed.in. e.l.R rnace .and IR f cess art to

visgFER iRkt e RGeS R e Fal A LESRE° S e of
CoNXeitkdiffld| tHeMSan hem@r seetde thetmeﬁmﬁwtaﬁ@ IR fefd process art to
thermal profiles_in the spike zone,

m t

SIgRAEIUY dEPEYR OIS VE hafing &g @?ﬁ%‘w%nt\?p@l e to provide better control

and@hERSA Wfﬁescﬁnﬂé 51519@ Sonel B HAROMBrANE RGN Gf ¥lace temperature and
anneal ing profiles, to |nprovethe uniformty of

atnipsphere epridiffongde | lrnm@é@s quenpking and apeding nreflew ¢ poprows the uniformity

or RUER AHERRERE bl R SRR Ao oSyl SR s
goefﬁmmyama'hﬁedmélﬁimmfmﬁ-pdmt ected to a conveyor or

batch-type IR furnace having a plurality of thermal

heati ng zones, incl udi MOHBUNVENTIONe spi ke zone, in

whi ch IR heati ng elements are 20 isolated and air or
Sumgsy: gas cool ed, resulting in effectively doubling

t heThe fviemgbar @td%e&s&iuf HCHRESoSO8RESIyRITR. Mkast@aVing Of plurality of
advanced materials, such as siljcon, seleni

thegpe nhnﬂwzemgmcmdm atgast @0 SPike 2089, |in yavigh gﬂ bepfing elements are
1so¥aﬁé’c§a%i'aﬂga faert 's%&gl&fi Fsul ﬁin% 11?5?{1:%%&3{ ﬁgﬁﬂlﬁlglthesﬂe%lgé@te and furnace

roved SO pr oduct ion,
pravedshpdhronghifut of adyatedastierile siapasclisdn.etlentine geynanium or gallium-
sal @r c<1=.ll I% as a result of 25 better control of
basgsfl 5elat el ¥RIFS | ons characterized by sharp tenperature
as c gngin@naichisemeRnek aimgotessmmm syseentLhitclsad 1oeimproved solar cell

sharp peak and, precj se cont ng an
Progpiéan PRY thet *@?Fb%?ﬁa‘%fﬁl‘élgﬁP@P Pissmpraed efﬁtgﬁlww@b fillscs @ result of
beﬁ’ér cBH@ol'd?‘b?d%és%e?aﬁBﬁé@ﬁmhﬁhﬁé&gﬁoﬂﬁrﬂ BRpbidikOblcending and descend-
ke, quench, stop-quench and anneal i ng (tenperi ng%
mg mmas:raftme wmsmﬂ gom aeak pedt peacise rcontrple ¢ @upnshingfand annealing
dr.o S t
tem erar%xg. e(%oi%g% e’lgll%ol%{ppcgfgd \sc\gﬁd'l Qe tﬁ% gxtvgﬁlo?lo%%éﬂgmxguﬁﬁgt the burn-out,
sptkf: @ehth, GtippqienchTivel anmedivg (Vﬂenﬂeang)) zaned fori ioproys tcemtact formation,

i) RIER el ShS TRk ey SRl esion s vt

lmBﬁ,\&b{{lgfﬁEﬁh@}éﬁbﬂ@h?ﬁmd s, centered in each of which
I's one or nore 1R (s) The channel s are covered

wi t Aheinveriverlamg w&e@ﬁfl Sysiem srimplerRRtcd Ryt et XamRledy a spike zone
m@HARY bvingVh gﬁﬁerhtﬁw rdPERX eiegﬁﬁ’@)ha%g Hahh®E] Eiafhels, centered in each of
tenper at ur ass, syn-
which is one or more IR lamp(s) The channels are covered with an IR transparent transmission

window, such as quartz, Vicor, and Pyrex, Robax or other high temperature glass, syn-
6
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the 'li ke. The heating nodul es are di sposed facing

each other and spaced apart, one above the furnace
woahhéR¥Rh4 Pel t and one below, to define the

processi ng zone- there-between from which tﬁgﬂﬁ%&hwwnmm
thetin sappbivt,i ang the like hﬁhmhted;mgmmdubs laget dishosddhfacing each other and spaced

| R-isql atij of the revent ent, | anps .
soap} G St PG ABar B oV PR R tas i prgcessing zone
thefetgReddf frodh OBEhIRCIam@R ahd @RUASAIF tieBnels Aelidaliry
squar e rect angul ar triangul a sem circul ar
parp%m ésolggipn tqﬁéye Rh praYeR)s _] lagph om heating each other. The
429008l » wAGS 3803 @foss-Slclibis egalamfeQr FEdte tan
chalglﬁanne gaeorret rg%:gs sel OS%t é; t ooédl rect heul ;Fggr ?;lqdu"ﬂre rectangular,
triapglpy wemboieaudirs parabglico duthey tipmy @mguahgentmzmu beragenal, oc’ragonal or
elhggorfﬁ %otjinsbg'ha ]I:wélﬁglher m%ﬁgns %?e%%ééilr}g c%rgéeta{ﬁg gf% L c?ﬁ{t’ %%%%gy toward the
prodpfiogivesimntds fuedacé Rbedeyon bélgnethex ﬁaluslteaﬂﬁg edjatdnndamps by direct
gas flow Cooling gas is introduced at |east at one
Mof each channel via a manifold, and is exhausted
at TREIHNNAL afNGhenOkt tHBH bdsiHe Qhds! he 1ﬁ@l9%r/anﬁ"'é>§1aust of cooling gas
conbi ned | R/ cooling/ process zone isolation geonetr
flogf Cppling mﬁeﬁtmwdu@e«htat Fegst atopal ddrasrh shanaek wigss mygnifold, and is
extilSePRIRL o S ARk GeaRIaRLI &L LY Tul] rating.
'S resu rease In the heating rate to
fr oﬁh&@ﬂblmeomﬂ@mhng/proam Lzonﬁﬁélﬂ}ltmﬁcgeotﬂwa‘y dfsthe inventive heating

ffectlvel doubl the heatjn ate entio
models A SR DE D PO HOGE 1BOEL PRGNS Mgy f Bl resuts in
incf¥Nin §RWMeaVFatO ko B8AOLHTRE 160PC/seh @ dblidt i2005C/kdde that is, effectively

inventive |anp isolation siotem permts increasing

dogtiliag dhnbeajing réfeof cenyentpigh0¢ Walteigsh lamps tVﬁIbSHTgWﬁ‘HEm%F! lamp turn

doWh OSHE o @R e YdeRbrfhatiBY, WRY%dGtion, Sha M RLRN lanp WHREERASystem' permits
currently avall abl e conveyor furnaces operate at

incveasing Jor coppesed elb spepd apbBierchy 4o thonghpub of praduct and yield. By way of

T SRS P8 Tt SBh0) RS SRR PEbBcor cs o

abblﬂQBB’aﬁﬁth&’ aliceinvantve hegingeslanmeme isoldibin tyeshqne patnits eloitipling the rate to

e range of C 40C. Wi l.e so cur .
s DB I i A E86 T PTG (05 S8 R4S in the range of
90bHL 1 Q0°cabotile 268e biltkdhitly b AMbRABAGyoPRGHRELC SN 13itgdperable at up to
power density. The inventive conveyor furnace

abew 2501/ mis theyifernstt Aperale aKHEN POVSARINY a chanber 25
' ns;f‘&qgtlﬁge%%g:ﬁﬁ‘gégféf Q&a%:orﬁﬁ{s@? flodsﬂr%ublatshéﬂn fHd} a chamber

) ire brick i nventive .
induisaddi wigh rmnimehua@m) fbmisa@felnsiﬂ@;ws%ldh Wb tﬁhcm ﬁfomebmd e fire brick. The
i nsul

in\feﬂ‘gveblgeﬁxgpg 5}9 @\g‘s.[a%%g «%/ %% Wq dluﬁhe %uter m%ﬁ‘ltg%g rsgcﬁf W?o%veyor belt is

loR@\MEketREG SRNippet and Yeb@ Mkatiiie mddtﬂ(egraiideﬂ)pmpﬂatee;)ower and control
furnace system The space befween the wi

SY$eras arg adtagrated gt the ﬁémwrw/%%r eﬁlp?cecbgm?rl%e ‘fqalgows % passageway
fotﬁ%éag&ﬁzg varRh & cakHind YRS w8 Eﬁ'tc&ﬁlsf dubSiehtes TBéifg iffed. This is the

he 30 processing. zone; the exenpl ar£ processi ng zone
pr@mgm the examplary neacksing zare deseiied dergirfinctiong gl wike zone.

Qg R%h&iﬁ § ﬁﬁ&g@ootd% a%hBJeLlef e%+&§s,g%é&ams&es,%@me furnace

a ZOheS ur nace can enpl o .
can mn@h)tyl themvsmi\atlscdamdndmmp asssmblyl yFor Fapid thaphal diffestome(phosphorus or

di ffusj or us_.or nd/ or
bogan) 38 % p&cﬁﬁwpﬁ% PI? gqicgnoodng gérf £ PSSV, glg F$%1c9t?%n%§he inventive
fadt @ BROdnNéRan ba Sdcate@ BhS phtle@ic ofe 6aMach @nd deafwelitfiof zones can

the ‘entrance of the furnace and the plurality of
zones can 7 7
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the diffusion tenperature or oxidation tenperature as
the wafers are conveyed through the furnace. Radiant
%5 om the upper and/or lower infra-re
ocusg)écf%y reflective backing elenents (re%dgﬁgg(?’og&o'?zo%
be pised ¢p apiytainf thapd Hiview tempesive gepxdddtionngmpeiatire as the wafers are
H@Q 5 facing transm ssive pl ates
Co‘ﬁ"\%dgwgdowsu%ﬂand |%{;0 the process heating tunnel
t hr Badihmudnetgdyefremt the @pperamdos ioosenfrbet Ritps is Podased by reflective

i e S SOme e FLOVLE B VELL LDLONSE, ugh e ot

fa&iﬁn@&@hﬁs‘éw@ Redict @vihddwish énd ﬁ‘lﬁgﬂle %Eocgigggaﬁ%d%%gﬁdcﬁg&b t the entire
u [ y

povver top and bottom ma
PraSessiZaney Ut wileamdeien hém&og@s teprpwida e Yewy igleasti heaking environ-

m P TLE BivshflRpA0 0 (SRR BAEnar kgl o -CR 1000-c.
t enﬁanptpower rtqg ahdbotom, cmawbet adjgsedcimdepentidraly grawemroups to achieve
| at i ul.atio olta controlled powers i .
pres Rg PRt Zntent Gy Y if fesh spbP B RETR s o PR i ffecd using
cith® ! SeSRRsiRt-8ied NRAIAGE aspllitiondve vbﬁagsaddﬂ&smaﬁ %w@a‘ regulation.
stable | anp power, and repeatable, definable, and

Regyptianabit vglﬁﬂege-tcpﬁqmlbfdtw ity pigfarred apeié givepAbe fastepinheating rates and
I,

mdrd Qlllgﬁ%n}o a&%;gt eg?sf kg t(g t%%tﬁé:%%%% .H’f: gﬁa}:r{/é 1?%@ dﬁdtﬂ’g&f L repeatable,

defﬁlmbimeﬂati @omstamhispiotml outﬁutaartcfél fimess t Tbataisu it ycontract an ﬂuctuatmg lamp

| mort ant he | t| on roce
ou%png WIS AN FSpOnse i(? f’lﬁjd%%n n- at zflrff ?’plé}o I Fse%%a i t%nﬁ%era € mamten-
anf@OMBdtionalt@l | ng syst ems (cool ing air flow rate, anount
and fI 0 at hs, and_ _heat exchange par ters
bel & ’éfgg’mﬂrﬂsf"?fﬁ P§the doyegier &pe 1%8‘??@%"@?&‘?"&?@%@%8% operation-
a11§@9£ﬁg%hg khe p&w& @bEfY §3@teﬁ£§r(l:do‘llhg i dlow it hmb@iRsd flo® paths, and
achi eve a wi de range of thermal profiles
hﬂ#@gba!lg‘ﬁpﬁamﬁ?fs?@%ﬁféﬁf@e‘t% 80t AIET0; cangel FopesessBarptely from each other,
bup Ql%s? ot J.:Hn ﬂﬁﬁﬁ&‘id&{‘ %Uﬁe\?eoep grgn r&QHé}ﬁlaﬁﬁxloﬁ&s longitudinally
cells vv| s1 gni y I nproved petrfornmance an
alabfthemetecdils sprocﬂseﬂmm ‘pahtthmeghoef the vrooussioaget podire delar cells with
ee. feat ur hat perm t..operation of comrerci al
S‘ﬁ“%r loAnt DIove ,peﬁg H 29 HARDm per mi ssi bl e power
| eveihs, invérdtheUtefetohi shapdsaprovidee tper dtdines thety @agdnit heperation of

safe operatln tenperature at which the artz |, .
coprEr R JTBRLA1 BN i W IR, PPBSUbLE P@W%ﬁulﬂyetl ol pyshing lamp
terﬁﬁ(e‘%&fntéé bé gaie' safclopertBy feRldeRflO bt vIRANAE lqustBOBIb ledvelopes begin to

ts I'n focusing the output of the IR1Tanps into a
sofierg hose pgidey, soeand efenmndy §i: di rected into the process

oPh ke BAsEHREbE HBRRCE AN SASHRL IR, e b I famps mto 2 high

Cc hapoetisbaaresfentr gy atifpsted imsontheaabdesyzoad erxcsaxpencbratspiﬂe power density
30 confi ni ng and directing the IR radiation toward

the“bﬁ‘ﬁé’é@g Z8M%: 3) The reflector is disposed, in

CONJTUB GhedcBiy 1TWstHRtWRE alijaddht BhaBiBelY Brelén® MmpM (RN Weaind adjacent lamps,
the IR _heating elenent to create Tgnd defi ne an

anngPaiiRbEIdECtingthe o adinfiPR B hige PSS et h  of
t E)g Tlh@ P iR Mg Boﬁ}@ehb@ SitBidhe/ 18RSmisSive %ﬁﬁamdow and the IR

natl on of reflector geonetry and the w ndow
pr O\hBaLimg denignl o ¢rsatk and defireiancmpelamgaolant paspagegsurrounding the length

of the lamp thorough which cooling air/gas is passed.

- The combination of reflector geometry and the window provides triple isolation functionality: 1)

8
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coolant gas or air to individual |anps; and 3)
separation of the coolant air flow fromthe process
he very light, fragile wafers are
wéfig@{??%e% by ot herw se turbulent air flow I}?:t%m§2007/072096

IR fdotagibn; ael)h:?dllaj;xegms ,or anad imldyvidiat lh@q:spahdaag aephrfitﬁﬁatce" hef :Eo@lﬂnt air flow
one end of t t.upe t he ot her, e
frogiie AEbeeraror LR ERbLATCAHIE "fEs BEarT figtared B tfespise tubulent

airfilo@m a di stribution manifold through inlet openings
at each end of the |anps toward the center of the

3 Prsbgmbodimenscopling air{gases &y direstesd faem gne end qfdle lamp tube to the
oth'ép%df:ﬁm &Eoﬁ gxteka&reﬁ%tﬂéfégﬁ%ﬁ% %fést%@ﬂ!%am;r % Ré dﬁl)l#ﬂé cflgﬂlﬁfbutmn manifold

ooling air r intro
throwghpniesspedings At ol mdaof &a tHmmgoward ohmcreates of t}syanpam an exhaust via

hofd Y 18e S ot DG (RDGetll §F e BAEAE: BENED SyRledly e cooling air is
intfod Bkl @b drfc lahg endxoffdiA b Rompigsed Ao lce,tdieh & 4 cotiifirbdsod dystem having

IS |ntroduced into the cooling passages around the
a filtgp30d drithe  prani fol ds are typically equipped with

i nt ﬁ@&mﬁg guu*?@g}; &y trlrodh@h b metlsmb feﬁdscag bl A GRSER that contain

even to avol d starving sone
an@v@mdpthlewmgntdtﬂhes snirofihesdcints] thqgcoghsg @assagﬂs assundsthe lamps. The

mafRaE ARG ANBRL S D OUAG SR AL L ARRYEE dRUcBinLases oventy
to #vaid mmfg ls&rh@larrﬁfs@vﬂﬂle @,aﬁrafppgﬁmﬁg akérsat e% al onlg t he
rocess ow cente I.ne e zon e Coo
Sas&e cqgying 8% %ot ex{m}’eﬁ@f’ anselsdbipen epiral rhaft hojps or slots in
thel 1511%1}( (o RY bhgork EEEE Rdteb¥r ﬂﬁﬂér@ Q&di&d%%al%ﬁﬁﬁhﬁﬁgf SonBR process flow

ot her zones of the furnace; such or exanpl e:
cemsertineaf thagons: dHe ceolingtearesney 1eVe hotymay be coléq%ngﬂyd exhausted, or they
Sth&AhdsQf e f
mdy SR IR D e REME bEHaicls HRSORESQAMPHRIED euitds, for example
prdhhalrngdun’gcmca’tngsth@funmqungv eccapitredy fereeli bask upstream to the burn-

terials; n c.I "
o B b SR otRL B RETRLD ARGHR el 84S o snsice e
fragiMd SratefSly.dr Eozc’sﬁmblb eerh@s&ﬁgﬁtgmﬁﬂ tdsilge ﬁ'aﬁl theﬂubsﬁﬂem beher parts of the
efficient use gl‘e g{ To cont ol ? etch efp
precges Shigreyclgel ?‘i‘?hfl& AT ‘28‘?‘?& energy.
quengRegtd Qﬁg‘etc}g&'épﬁk lite el dVelo |tive sr@d;’eibfab ki@ be quenched both
that is, preventing diffusion of the silver particles

qwCMYCﬂJIdhhorowhlbr cQnretishingyihete reeHepting diffugippphtic silver particles into the
t aI I t es
sy BB b Gl Lo BB FNR, Aol WAL o0 Ring and groatng sood

adbeshmt ofahe glasaimt thbeiliace eﬂhstrats,l“mdstb); aceqmlisbabby repid cool'mg This is
This is .critfical. If the silver,dri t 0g dee

it 4R v den BiponS ek amter vt eGRGRehd Sored. The

restit€s thaQBELN ToSsek Belcidnbe dibhla shor@ SRGiafaft ot BieGYectol® fréduced. This
a short circuit path for the el ectrgns produced. This

is glso nosen ag adow st sessipesproprrtyrddhetelince property of
therg Ele' invenfivd E’%térﬁ“!xﬁ@hfo‘é@ss SHR! RISh ML ﬁrae&ﬁﬁalshédﬂinsa quench zone

quenching 1s acconplis In a gmgnch zone

cherheterat diyi the dsehyf anirar kil asserzhly Hiat usenichrefidly %mliﬁd compressed air
es.Saneliuhd, e

Voi}lgil E%ia ﬁ é@tegf Wﬂ{e%ﬂ %%/&%02?) cgfetﬁl% \rNafer io Cﬁmckly drop the

P ahes arr directed
teﬁlﬁ&?atbﬁtﬁc@ﬁrﬂﬁfpeﬁmmmg tdn@pecpinire kdtqge df trpmtabheut 800 °C to about 1000 °C,

tepperature from i 5
to paRng et oD GPE08 i a0 pieHion S O QYT E APy C withn a
seddi@ of arge of from about 500 Cto 700 C, typically a

drop of 200 C- 400 Cwithin a second or two. 9
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WD 2008/ 002904 PCT/ US2007/ 072096 In addition, it is
also vitally necessary to slow or stop the rapid
cooling that is produced in the quench zone in order

wb%o@%‘ﬁ@i the gl ass phase to inprove adhesi %&Tgl;ggtiq’?/onws

I'sacconplished in an optional, novel stop-

zong ddatRae] Rlieilyo fiedllyastdagary hﬁslél\k}%ﬁ stap FldeabﬁngZﬂaﬂﬁs produced
iincludes a |imted nunber of | anps, typically on

in (5 GHENCh RENCIB PSR £O FER] (s LR serte ngrom adhﬁxynsﬂw isgecomplished
in il Wptleal| A5VRE sl A¥hhhBonbahRlcdiatel ?ollb%ﬁné’fthet ﬁﬁ‘éﬁ@h zone. This zone

| anps stops the rapid cooling, stabilizes
incluglep @ Hmited vurhbar of {amepsy taprgellymnlﬂa@vethe cm@cﬁawftﬂmvafers, but may

o R TR PRI L B g B st s

the(]:emp?ﬁﬁnéluﬂ@\ﬂm ranga of t4S0Er-at700 ECisn thitesiswngenpefing coiling can be

0 C-100 C at th t d th f :
PO 555 PP BRSSP fOB BPOFASD C  700°C dow to 2
terhpekdt@e e B ranpk Of FonSabSOI- QU TINTCZORR ekl chdBf @Y Gurnace. Optionally,
control of the 10 tenperature profile. That is, it is

and piséveip copbing ey BitodRred deg| this gtopiduenghdzang ip émeigve control of the
B0 o 3L R0 BB SXBA RS fompggo v s

littlei deenot mlmgrmwrehmt [ foﬁbwedq hﬁ adonnatbaok €1 atuive rgessraiio lshaped like the

" in the annealln The result.of the_cont
mag)qeﬂgag% s&m@ Iro%ﬁ)@ezgp n ? rL{qlre {Hﬁtrté ﬂg}g zoB%g[pe resu[t of the control
SMENGivaREd 4R Tﬁ’éJﬁBé%r‘zdn§s %cﬁ@ Qﬁ&cﬁ%@ @%ﬂ%en&ﬁﬂ a sharp ascending
descendlng peak with short and snpoOth curve
and degesiding peaknwish tshert Maandngnm gurvg Brageiiips tinte dhe efinealing zone
h The wafer tenperature is held
do of e%%%ﬁg%%ﬁgcﬁwﬁangwgve adhesion in the annealing
z o N&he wafeel tengaratdrh dés keeld for tidmpenaf e snpame glhedi@din the annealing zone,

g%% %Esx}tgl? o‘rrg] Fgeaae? éo&fq@etﬁrqﬁeg%mn? ggapgﬁgﬁ{ nL 0°C to permit robotic

pidRers 9P Bt hirdlihe epMEmEMer WadsOriril f.or ol dthe RTINS YRk B8 lcbnveyor belt
and/or fromto a marshalling table to which they are

and/pifiemise ¢ BarSaliing mblaje whichtheymak Banstesigd oHehe belhe
cooli,ng Jggéﬂg& ﬁl@%o?ﬁn Lared Ll e &Qéﬁﬂﬁbdn%@ll&@ 1;cf'jl selected and con-
sel ecte co I gured tenperature prof

figotedj teopergroquesichd i swg]ebfomrhceh@hmnﬁgbcah @efm@l and goolmg curves in the

o B B o 3Bl OB My Eob RSP e s e
doafsireathomnss g@aml];rdaﬁs Hkgethés: adpid/ hd:anng td alsharphwsli demdplshon dwell

BN O T I N
40820Ut 50880 then 31&5 Qo&ng%ﬂ%n&ﬂm@%kﬁosé@mﬂp@na@coolﬁ@Q@aHOW the wafer

then sl ow cooling for annealln? purPo and final
to exibihi figynacs ahp Fomperanareday erough 3K 1 Oth) toherhsadled by zobotic equip-
TSR %oﬁ.f%n%&g%% (2L 1 000 48 b rr it o
mmmgthb eurfickt Thdwhoﬂwdse pSthekivell iepaab tampgraton vtbgttas, the sharpness of the

v e g PR A R TS o RO LR g b0 oo o wer
as sélectivegalfo@h@fthé Belt @ﬁl&d blﬁe @owtr 10l thditid@aldamps regie peak zone and the
possi bl e bg t he ablllty to control %he coolin

cobigna niyvastiese) axnssyRaTyCrginde GHEchapd S?ﬁe‘lé’ﬂg"ht fRmes as described

abBeIfhe t i@ydnidé ViGH& stsBP Sohtfblleh € @&ﬁigm?a@&efcﬂrﬂl E&fés as needed to
cooling in downstream zones, particularly in

projodsrrcpreasiected Bropl prafhe @éﬂ@@aﬁyulaégr@ém% &ing ébfzsi«e The
|nv | Cc I f A,

or 11| el TR FeaBiE R EF e ot A BRI fieh reflecance
thernal profile for the particy ar product being
fired. . The inventive IR heating zone(s) is/are
characterized as having a high reflectance 10
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material reflector using any of a number of
geonetries to encase and isolate the IR lanps and

wbﬁf»dsﬁé&%oﬁnd focus the maxi mum possible IR |y g?ﬁuszoomno%
through an IR transm ssive plate material,

ceraniich infidattdnemseniad ecfiector gsiog amyorf dvaaben gf gd:mqmmsda ecase and isolate

in essed. .The reflector i Loned .wi t .
the 1 0 e i Ay PR R B TROHE Ol R rensmissive
plaf® nhaARS, direétingGl 1454 @i Proceds rég@diDfr hddtiag trfpredict bEQng processed.
cavi ties conprise channels for forced cooling air

( or Tkt Fedlector dt designgdsyith dodividual reflsohipg cayigas &ddqh howge individual
lan'%g %G Fb %‘f%ﬁ}gs qﬁ@ ?éﬂ%t:tu%o(!atvﬁzes %dmﬁﬁ&r@hﬁﬁkﬁls £oP £6:88H cooling air

|ng al r- exhaust orf one side and cooling air
{or ethier process @ns)ttd passt ¢ither Sowl@ackTing to eentesrlocatscherpgust ports, or from end

to E@Hbéﬂg’:ﬁggg%ﬁl 8@1,5@% %gl Igg‘? Sid T%lr% Cg)ﬁl\{lriééi{ 8{‘[1‘311 §on the other side. The center
exHaig RBinb6difieAsit pifdrtedt he |R 10 transmi SSI ve pI at e

"wi ndow' . to form_the_.iso ool ing .ch
mai ABRFFILY RE CRBBPY waﬁglgﬁ T dJemeny gl %Eﬁt P with the IR
uaﬂsﬁm%?ve Mte g\gﬁﬂm@'&% f&h%fs@lﬁhoﬁr&%llh@cﬁz{nﬁ&&} Wkﬁcﬁﬂ M&ntain the cooling

ressure/ hi gh vel oci tﬁl | anp-cool i ng
air & ¢1¢@asommmte meelmrmgfca rgdodjh@t tregsifeng ThenlR Banseissive plate keeps high
preBnge 1E}W¥e{1 81% ?i#q%’h (l;og%ﬁe %39 q{‘c;né %ﬁ%ﬁ?# lah& lcegsrtl\ggfnﬁrtﬁe process region
thréligd Nivhich eBe k1t caall mhg)ngamﬁﬁ; passbavhllseaﬂ th@ same riiraé permitting large

SR e A el

Nt/ qtir BN drSREHE tplki® TohisoiS SR Portia Bs Mdst higoRdperafire glasses such as
onl%/ usabl e to about 970 C and quartz starts

“Relph} em iy deaito0n ORI B B HoBELSSTIng s LPR-C while the
protcgss 0@& éj?lﬁgg {84 bod 18 i bl i {gzz%ﬁ@tytfﬁ/ogﬂ??é Iu}fg higher temperatures

her  tenperat ures rive
“atttlneelaplpb tedisve thinpeocessy Eris inyentin adiasys @p@‘ﬂmri rihoptangs at power levels

o B BB LR SO R e

| f &n sdai, as?ﬁn;lrevaﬁkim mdmnp desigmT oaterisis brsd pastel ca)m:posﬁiom (both

oo S S P, B, OB eS (O0L P latin

mdaﬁféb Iwﬂp &1l r&céd&ﬁnédﬁéﬁu@h adVaBcds iy ﬂﬂ:td:m/@ irovill@bétd improved processes
nodul es .w easi |y accommopdat e such advances in the

antémpretﬁfﬁtpﬁré@ﬂléﬁe bot h i nproved processes and nore

ef i ﬁ'ﬁé %ﬁ%ct&eéﬂaﬁneq I@ﬁx’fﬁu@%ﬁ?ﬁ&g@n@%g ity E&ﬁeasr@a)‘abohc or a higher

| Se any I Cc” or hi gher
or%smfadere §,Lanﬁ;amel se}mg:n;cuhi Itlllzpigulaalsgu@gmcm‘gpbuloan:mpezmdal

tr ul a rectangul ar; or trapezoidal .

Brigf é’i‘&meﬂfglfqﬁuﬁ “PE¥he Drawi ngs: The invention is
desthd Reehtion iBdseristatiaioraddidil Wit efearee td the dhavings, in which:
dr awi ngs,

i ngs, in which: Fig erjies of .fow side .
el eVig: 1 atserpngl fervasmf‘d%vag%{m%a“’fﬂgf showing. ﬁ!& 14, 2 schematic
sidh %Tﬁ%%ﬂ & thé eeﬁéﬁfab@éhxﬁsylh@ 8t TeslY ORS IsBRibN héh%g zone integrated
nmpil oyl ng at east one i1sol ation heati ng zone
in iarivuegoet 2de, 3Quéneh optransteprueneh @onepangeh gneglingezong; Fig. 1B is a
uench

e B S R ARISRL 9 TR i b Bk e

peﬂlCﬁnﬁg aonee tHeI qehcisgetiand thd ﬂvp tihencly gbnet rewelpen ke transmon into the

zone, uench zone and he st nch zane
angelin phieec g 11 Shicrerrta T R RS B A o8
and pigh, @. is hl3chdnAiciSdndi@lieweart tah @ﬂemplenw pehk hea;imgtzbﬁe employing the

anneal ing zone; Fig. 2 is a schematic isonetric view
of an exenpl ary peak heating ziane enploying the 11
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el enment isol ation nodul es, top and bottom and show ng
recycle to the burn- out zone; Fig. 3 are a series of
el evation views transverse to the
?(‘2%%9:@ showi ng the refl ector channel georreﬂ%g&gm?ﬁm%
invidtive hektirg. cléert isoition meeiuids Stop fand B6Rtan ghd sfowibg recycle to the burn-
channel geonetry, Fig. 3B shows a triangul ar
ouyZ@Rt:ect or channel geonetry, and Fig. 3C shows the
pr eﬁgﬁ@ Efle RALRBOLF Qck&ﬁﬁﬂ@tefe)(raudﬂ Giewd tt‘aﬁsv@rsE 188 Bt flow axis
tic isonetric view of the spaced ai red
shoh@ag ihegrefeesor phannglsgdotetrpn imptiichekigs AW SEth lAesquangpor rectangular

G S R S ASEE S Y30 3 o

thepkefbredd parabelie geontkamn t he axi s of the flow path

i UL ST R SE A L
1sofaﬁb@§ﬂd€lﬁl%9'sﬁo‘kﬁ’1g th arhP RMAYHe BRinks ahd) IaMsChisdricd. inSveral of the
shows a first enbodi nent of side to side cooling
chfpgdey, and Fig. 5B shows dual side entry and center
st . fl .
SISk gl AP0 8 e 1 Aty P st e
relationgheys bh@rfslm thertgating a‘lembnt crIthuIbS th¢ cpolid psthevemd iﬂllBlI' relationship to

e IS T i GBS U ah TR Lo o,

FigS §B @hlvs IaB{ias &fte) MaRbRed d?(ﬁalfst fibw ?@‘h fbri e cobfing ig@sgvs in
side elevation an enlarged view of _the end fittin

- andVigi §1s FBrics ohfigwpsYiptng 2legmrtiva iR famn dgenigHeg fiftiges. in which

Fig BA'shb AURP iS008 8fvdifdn e PN Ao if Mkl 2 fisf Snbbdiment, and
'ow s eet 0 e configuration and nethod aspects of

Fig. hB Shmv&amtmsommtlm @ms@ p@@ersfldmtngng:@nn&ol par amet ers

an ack.l o [ . . .

e R o 80P i PR SRR R 08 g i 78 i o
isodetraldfdfd: fdﬁﬁgsralnpthedmaﬂ lbﬂrlpsdlslaisen‘slntﬂmcharMnbh@n by way

ggu )(a Maglogr thﬁ?tyqlfé}lepi\,/ | h%éﬁ 19 Iag)%@t%-gﬁ%%&%benﬁve process
shﬁﬁ%édnﬁhl%ﬂaﬂé&ﬂsan@f&%ﬁ&d@@@' e one skl Iled in the

art to nmake and use the invention, and descri bes

Detpilod Descrimion s s Favention, duelpding thaBest Madeat i ons,
al t Iy [
ohof ST BY53, B SEADll ek e 6| 08 et 1
Way: af hymtammmftthe h@pcmqemalems or pringiples off rég ar»@ntlctm elhis descnptlon will

vention is ustrated in.the seve ures
clepdy BFaPee Sl 17 AhEHE Py ool SR ey g @Rlhoes severa
embditlu@i&ﬁt@' z@"ap@ﬁ@rﬁl P&iationg aB&i’ﬁatD&ﬂ’andl adcs Of shet inegnioh, including what is
i npl y cannot %full |IIustrat in a single
Pl"eﬁf‘d](ﬂ&rk?ﬁh‘i")‘iﬁ@ b thgubeiy moggy of CPAYRE YU s enesss,
seVES fhs Aoafah Ghe3PhvEkiRN RGRuRRY ihths AR A duresOknd is of sufficient
omt, parts that are not essential in that draw ng to
coraplazsgcﬂlatpihp onny phrts igenrelattonships, faeéﬁllh*@mm@qé@m thggeof simply cannot

be @ulig lﬁ}l&'a?ﬁ‘tdoﬁl at J]lgﬁ_l({: Eé’tgﬁtt}r}géq%lg'%:%? g%ﬁéﬁﬂ coﬁgi seness, several of the

dramxtgsehdsw anschtmatic, ghbmit, fmra kKieed awmht bssélttlabml ﬂlmf\ma“ﬂbgiq’@descﬁpﬁon
conventl to those .skill IS art
of § Fttilek fittie.s et Q2 Priftle oiih ki Bie B8 ooy spample, the

vari@y BlectibOWand Hneifatill @vhrgtiondNeb ﬂightsb&ﬁstkcﬂtﬂﬁ Gft bellows, being

anot her feature will be called out 2b )
conventional to those skilled in this art, are not shown. Thus, the best mode embodiment of one

feature may be shown in one drawing, and the best mode of another feature will be called out in

12
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WO 2008/ 002904 PCT/ US2007/ 072096 anot her draw ng.
Fig. 1A illustrates schematically a conveyor furnace
10 conprising a conveyor belt 13 transporting doped
| wafers 12 through a process zone h
‘Wﬁgh%@%%ﬁ£uous through a plurality of furna@é%ﬂﬁg@gg?mm
anorheeldlaggngor sections, including: a burn-out section

14;_.fo b 5 k f|r|n ec 16

10oeih oL L SRV 8RR LU0, SSELLAD dfiriing o comcyor bet 13
trarib&'artiﬁ% 8épa-soRit €EIL WafefCtd Mifougl;a Iﬁﬁa‘ésﬂzdreﬂp&hatﬁg c@itinuous through a

annea

ing section 22, the |atter air

pluRkifvedt fermase mgcosTmedilas eertians ipf! o o@%%ﬂ sﬂ%ﬁ faflowed by a
peaﬁ% f %Ef‘@rp €s: Sm%% ¥ Qﬁnéﬂ" §n @@cﬂﬁn&f are t@lentl ‘?s&dtféﬂ 18; a stop-

t hus, m out’, peak; quench, stop-quench and anneal
quehglo sestivn 26f emchab@npcrmg qrr@neqémg@@@nv?&, ieelatter eoplRying air and/or

h

walll ok i BREGEH 0L pREGS HREPLEET B0 oS ekl skes the name of

thabgdctiont 3huss Ibommm,cpmmatmeneﬁ | syap- quencésaﬂdeimleald‘zon@htrefandmﬂl to the

o oS A bS5 S AR e i Bt o

that REigections or zones) as well as the |ongitudinal
direction; thus, orthogonal to the belt travel is

def Theeapnzeyor bele | 3.shewa schemeieally gnovss left toamight ad defimes the horizon-

t |
o G TR . ol g b BEERA LRl e s
or fomks)am oeellaascthe pingondihal ebtettidna fivs cathpdenal Bathedel travel is defined as

ed.at the entry.and, exi t. ends of .t.he furnace
e uRRERREIEN o7 ReR NePHE i SpEMER 1l ot P HHORRS Gyres 14, 16,18,
20 RRd 23hWene theke@ndretl it @awalf EaSance agd opﬁ@izmgm baffite D4a, 24b are
16 and 18, may, be provided, The bum out iectl

dispesedt aldes eatrqbwaﬁ &I} ERS S thenfupece repgRiivelye Wﬁadlyrm%rml%gn upstream
drylﬂﬁofsha&ﬁl Ir@aﬁledfaﬁ%amersl @% @e@&één%nésn@ akiﬂ 98, RAEOFrovided.

nore spi ke zone nodules 1 Not e that the burn-out,
pea”Rhe moumctgzmpclq@ﬂgm&mm of theeecqg fows depting modules 14a — 14d, and
I t
the, ﬂ&‘é@%{;ﬁ:‘éﬁ nléc‘r‘f;l egBlgégéé]}e&lé’r% gﬂx}c&é@'@%ﬁ&g %lsgfgorﬂ%k‘ k2%urbut, peak, and
stop-gquarrh inveluies cha be die inyqnmve otpsion TypedRdahB leehtig mhdmes, or just the

he rec at I nmp ved energy efficiency,

Spi ?mﬁﬁP“%H{EQA% %ﬁ%?ﬁgégbeﬂ%”ﬁﬁﬂgnm30latlon nmodul e
16 PmsKILAIRARA TBHRI $Ho® thb eechel} fot! predidn BnprévedldiRrgd dfficiency, of hot

exits via Elenun127a as exhaust. air 28a out the flue

ait 4¢ fqoweﬂla&l wR RIoBmadyls 1o \hariaBRstreqh, e the Rim-ppone 14. The air
Al Le i Ne
o 1 517, U 00 O ¢ e .
additiert, a'mmtbccﬂmi indhe q@dch Zave rl 8 dulrgts frraqienuine Bats tewhausipir 28b. Fig. 1B
p; quench zone .2 d |ntr fEO
anéag /sggw gtfag %%1%18?‘[ 2%11‘,] 6 énnqrnoe e r%m% @%e g i) gpo;%qq?en%ﬁ’%ne@@ and intro-
ducea lﬁoﬁDﬂhe (Bﬁttdrh] end/efmwsaf ﬂfe%nmmhﬁ@ dre 22npetrhﬁls eortrah ©8the temperature

te in a|r 26 .iptroduyced .in, the
ok B2 ]%th B fodicin g iher e T Btom of the stop-
quERRYER0 ek Liadae céxﬂfeird?%eﬁ %ﬁ‘;?uldthé/ psiRIdiviadrl wallOfRle between that zone
bet ween that zone 30 and e annea ing zone 22.
andifhe @ppegling wnet%eAgpm@tebuﬂlﬁ SHPAyachZong gp casebe separately vented by its
{ )
owtﬁ El‘eﬁ@gn 1S a(%(xmg gﬂ%@%ﬂb‘g%omﬁf{' tast: i%éeégsr?&?gl Fl? hﬁW%, heat é?(change system,
e. ghe@er@x;ﬁmmg@ld; my é)musedetogi,ssmtwgolmg (m g;ightm:mtpftbet gboﬂmg air 26). The
e us ass | in (|n ian to the cooling
co‘ginlg a7 engﬂﬁone VH g al ?705'8 % sag zzgne 22 via plenum
27 c Tagingpdoaustmaet detdB o FIEUIR) thig show innonpitudinaledeatidn theleft side of
Fig. 1B, this shows in |longitudinal section the |eft
side of 13 13
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WD 2008/ 002904 PCT/ US2007/ 072096 the burn-out zone
(the right side is symmetrically the sane) having an
entry in the left hand zone divider wall 104a for
yor belt 13, which is shown schenmat] I
ng\‘?ﬁsﬁgg“fl at arrow. The conveyor belt pat h%c&%ga&é\;ﬁ?zogs
thebhyurd-bigt 2one by aight eide éy smineri@blyahe sémd)rlavegsasertiyein the left hand
d bel MIth bel.t

: zoégtﬁﬁgerts\ga%L(fﬁtattﬂggnlrsitq%g}tﬁemf‘ga‘éﬁﬁb W. mn BC ematlcall%zraes a wide, flat

arr§® MENBdoh $&ot YelBpatRad SHowhn Hyuhe aoraaagdorwén@r pes 86 h@i’d t@0drSes the zone
in the figure so as to not obscure the air

tovfaech gy @ghtuﬁbeve andd) belgiethe Hiekit are qoite 188 ﬁ%ﬁmpmoa\sofsmyps 40 shown
sch@ﬂl‘%(%g& a.ﬁ%%?gndr’%ﬁg g&'sr]ﬁﬁl cﬁ% s {Ofhe 4s B 0P Bbscure the air

ownst ream peak zone, Best seen’in
flowifeatur2. Upmr adﬂpmohﬂat recypmesifdds S ok S4LrTne spraed @Briures 47 for

nmay. be, i.nj.ected throu I S assi.st. . in. .
exie 8 b e S ComofhS Wb R o8 bl I8kokeeh T Fig. 2. I addition,
conipresied hie or ARl 2K mayﬁblmehert thr@aey dines ¢ to akist mmﬁ;m&une control

as f or ener.al | stream. as sh
ogiumeéwa v lsm&%éh % afr#leﬁﬁ%r@wl%r gqniro & gas forms a
geﬂeﬁiﬂty lami‘l‘ﬁae&?eahlt af §EIEB%H§E% tHaUbrgh ! ti‘i’?}bf)ﬁ ye eﬁ@ﬁ%ﬁ% k’x@mzﬁgﬁ to upper left,

and "t he flue éﬁg as exhaust air .
whersrit ¢xhessts aibtha Stue axamifplddifn pibthe iﬂghplpé ATicxdrust s 28a.

bu u

of "k 1 EAR R o SRl 9ot BE iehCinl of 1 thllot Sohe Piidhown on the
lefz anide (tbﬁ\/elﬂelf theadnhealing eone 24 beginiing ngiﬂwardg}ftthe Zssie divider wall 104e,

befor nt.erline of the nve s _sho ...
ShTd) e et (A7cPaTviE: 18 CHUERO JBETERoY FbUGHOWD gt PprEiting the
burhQHe zdhé/w%owi klofl @A bonet igidBelhll 184b, GRS byl NG, Bdrﬁyﬁiﬁ)g:broduct cell
cell wafers 12 (not shown for clarlﬂg%pln proces

walesn 2 (not shewp dersclariy) i@sacessnne 15 entrr thépsak Z8nglth Whach is shown in

ot D Sgo8 0 pupadc o The ppaludencie grot

rapidip fotrhibe bummait temmrqmeammﬂy inythé vagd 9f 440°C he45|0&<a,gte the selected
f._400C - 450C e r at

e bR 7 S0 o B B Pl BRI P Bt an

sintefigg tedek aadbliadsy hadadkGid pakter Thﬁ:g)ehl-t'l’eﬁpbmaﬂdelected based on the

al | oyi t he back side paste. The ture is
e poe s 1 b@ﬂgpasgerf@ﬁmoﬁlﬂggs B ffhcdong mpdutes of te
insRAE lavBAh Sa QYIRS e RBS cell hafdrsghrElOR S |fan?g@rd)@ from about 750°C
nodul es of the instant invention rapidly fire th

to ahoupPSAE | rajgsiin pgangpn e3aeps/Of 0 6/see updn @@%QO‘P%WF» preferably in
t t I
B L
thel amrrenﬂfarnaeer@pauﬁy ah@wnﬁbhaatm@ &@@/as; ep; tdt the atagimum Iamp power rating
firl. S..0n der of. tw,cC

GRS P ot PR R B8 Ba o rdeh  B e pblipfrsotar cons

withadr@Serddpetifing OfficRcRBXTHELIRVEn&RP L@ \Rblatiel hidgule Whishgbtides a high
undue lanp failure, while providing on. the orgfgr of

ratg yof g?re%ﬁr%qmt WPGEGhYORS FRickgprayenisepicess dgeptsing: ok Hydrogen from the

sul%[%% ki Mhe8hpCinlGI Bfe c&hl?e PORERLH 1h 4Bb-LGHER, drSREIMLARY power-pro-
dul'e thus provides a high rate of terrperature

grarmmdeeast,bat Hleqsek wmp@wttm evearbed rsee e sxileeneghvidey vl 104c.
g)@a.l{) 8 bﬁlt b edﬁ}?cle!r Wz;[p qOJl Béi{ Swith product
zone C € pomere i n"sub-zones, or in ual'ly
mpmmmelyp eters e guuEnnie zos® 18h atkfindfde bpevatn tve!hlpéﬂfm ané wal 104d. A
d. near the.exit zane i der |1, 104¢. The .
el BERSe3 in 4T Hrh s BERG P AnE 98 CHeiicne P iph P e Pl o bes 92
hatihe siRettereid ik PR abCHirect APRAE 6 £ Y @I B Drddict GUBOBAL. This drops
zone 18, defined between wall 104c and wal |l 104d. A
conpressed air or inert gas knufe assenbly 90
conprises |ateral spaced conpressed air tubes 92
having slits therein that formand direct a plane of
air 94 onto the product on the belt. This drops 14
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WO 2008/ 002904 PCT/ US2007/ 072096 the tenperature very
qgui ckly by several hundred degrees Centi grade,
preventing the etch- through of the nolten silver

w6 kAL, into the doped emtter layer. The 98“9)[1"551197/072096
curve slope is equally steep, thus permtting

the GeipdrBfured ery NQuidilAHy @fvedah @uieD Ae@bel Ceipiat®, PRAKNtng the etch-
that is, the .dwell at the contact nelt and_sinter

thrqugh ﬁéﬁ%ﬁok@hﬁ@%ﬂﬂ?‘%‘ﬁs iy eeiioped erRister E‘Hﬁ‘ posepoling curve slope is

oquiIO], thid Rerhlifin Edtirof P TaePfhf DO AR brar bR DR, that is, the
guenchi'ng, ‘permts precise control of this critic

dwqlbatkhe ciwtdct mplt eué sigies famatidthtempeafuirs J ogether, tietlanp power control in

exi;ting the knif.e econmes heat ed and exhausts.ouf, . ..
the S48 2 g B son RO Bend it bR S8 Fin B i gricicat ek
dwalf protdse stemiThe sbolagnir, aff@rexing ithedmife bev@yuey heatep asdle:dndsts out flue
| engt h of e quench, zone betwee one. wal | s 4c and
plenh nd stk 205 ot BECEn 28 FracRGHIE b oleb ot SeUBT17E 2D conveyor

speb®BAd RinbAifahd ?uﬁfcﬁ\ébﬂeﬁb@eﬁr}éezpﬁcﬁmsﬁilﬁcmg aAdPOA, tRd compressed air
cooling for a 10 particular industrial process.

temperggie andiveluee Gp cotrolige te grostsnyiRrerprecied @ppunt of cooling for a

prB SR 0, YElntld ot USRI L0 o ey sconts v
. g,

entiadiy erithad the chphbiligr sfibboinventivh éurgacench is st opped in

optional stop-.quench zone 20 by.a.gonbi nat. gn of . .
B e LR 8 5 trmsPO i PoaBe SETRGOL) B Giench s stopped in
optRRbleNidpIGuertinzda izl 8sa EdmtihdRdh @flantis 400t fefonkladiRiliary cooling air
zones, the_power to these | anps may be 15 easi
26 gRIPRRYIR éaff{ié o igle. ARin plGElrmpZopRsathe RoYet Hla%le%eﬂémps may be
r ipfd h ' "
cosff NSNS h QAL oS ROLTDY DL, Tt B AR, Pisiigns smoothly to the
anrgalirestemperambd wwhuiralke sempeacad promdiegoodradbesion, gvhihriekes place in the

oGl 158 LSO B L HEAGRL Tt e

slos bapreep @i liopuqterah nemd | anneiezons ib darge, pepeitting thengr tddlow without
air to flow w thout turbulence into the down-stream

turhgpee sg0 ﬂf\(/goﬁ?‘@g.t’e%z?’?q trates the annealing zone
f eakisl @D, illubrathdi GB dhhealigg|Zofe Maturdie lirdl wiichathprcels arc held at a pre-
selected tenperature for_a_tinme period adequate to

selpgteshismepersie P A, e @RIk AMSISHE 48l FrRpote AdRFRRRy aRg then cooled for

.oﬁﬂ)gﬂ@?tdb%% , bR EheZRRE &3t Wall@bdr 1Pk 1ERBefaRIP PEGHISKE this zone is
pro d by a

l'e in this zone is selectively controlled by )
seledivhiyn@pirolieddfy # ebmbinafiqn ofsinlet airr26d dreducer thrgysh bottom inlets 102,

ottominlets. 102 [ar .S] I .
ancly bfgh 3i6F Wil A B el M i bl and i x-
ha@sfid dus pRurd 3 7Hasisot echansttaindde and Ry mag e bartrodied antsdssisted by use of

air 28c, and this may be controlled and assisted by
an [3&angk00. an E:) fan 100. Two exanples of metallization

fur '?%%%a&@@s B SBalighiRNruefacnet h@inCofGBbloSolédi€cells are shown
shown 1 n Table 1, below, one wiihout a dryer

in deblei lorbelamy ams| without andryemeectipn. HExgmgley br andepnq with a dryer section,

ag&le 2. 30 Table 1 Metallization Firing Furnace
i"gurations Exanple 1- No Dryer | Exanple 2 -

Wth Dryer Process Furnacqagdafli guration

Metallization Firing Furnace Configurations

Example 1 — No Dryer | Example 2 — With
Dryer

Process Furnace Configuration

Parts Clearance (belt-to-upper-window) 20mm 20mm

15



Parts Cl earance (belt-to-upper-w ndow) 20nm 20mm 15
WD 2008/ 002904 PCT/ US2007/ 072096 Entrance Baffl e,
24a 200mm 200mm Heated Length 14, 16 2000mm 2000mm

W@EEEW”@‘I Heat ed Process Zones 14, 16 5-6 5 é%@?@k@m’%

I ng Quench/ St op Zones 18/20 ?anm ?anm o!
Entpinee BiflepP 1185nm 1185mm |G88Mihg Heat Exch2Agmm | n
Hed@&) Lenp86Mnid185nm  Max. Opdr280imm Tenp. in PE&R0rEmne,
NuhberlI 02ated PORESs Admyet4,nbi nd 3Jdpst r eam Entrangeé-@Baff | e
Rapid CogRiiNQtienti8tpF.oneN /0 - -|-25BmBO0MM  Exi t Babbhe - - -
CodHM (i52P) (Detween Dryer7TFungges) - - - 400mny1RkimRer
Coll ncnﬂﬁyéu SIRE 8 27) S VBXi MeERE at TNy~ Tempar gE gre -
Mag, Oporshing Tertpoi Baak 2ohd 38 1 1[LioBRC T 0CeSS EXtraphoer

OV\AKL K

VCTITT [i]i I UVVCT VW TCTdARN =1 rodal OA4= O OKW T2 0=H0RKW

Drygeg £ SreRl) 75 ps) 614 LPM 1300 SCEH 800
Entpagpy Baffls) SCHE Belt W.dth,!|-t3 250nm 250mm $E8EMMof
He@erthliengty . 13 650 cninin. 650-cninin. Load/ UAi8¥8mm
Exi6Bafficon 600nm7 1000mm 600nmm1{:600mm Overal | | 200mm

Gap Segiden WrekrFuma4€0nm 900nm [3;-800mML900nm  WaHEOmA25 X
NuhBe B8 &snen. 3, 000 waf gr-lhour 3, 000 waf ¢/ hour
Maiﬁ%x@ﬁ OpGtine Tadfkel CcN mMn.. 2, 420 waf er/ houypoied20

EIG el IAGiics 1G- oL e Ba Tt -5t rvert-an for
.1gf|r|nn nfzh cells 12, Thé’ th

PO‘HWAKWDP%T’SWI?@ t.he r‘rm\n:\\rﬁ’4 % 13 in the 125 g,&q

| Clean ey Al (CRABUATPBY t he ar |4 LPREL APHSEEH 7 8A LMP/T,700 SCHF

Belt/@fidtheld bet ween upper _and ||GMMOE heat i ng el @fmm (1R
SpdedmPpLomegbrl’ on nodul es 34U,6584t/minespect i vel6§) cmirnioh
Lo@Venloai aied i n pl ace by (ré00mas1000mirhe si d&00@/E)(0mm
OvadR LemARWiah shown. The T sdled00aiin/oB0hes COR¥00EHE/S00mm
wWHE12S %125 mnRRREe /iR, | NTO MaRyFEARNe! S O 3qRY!vaf&hour
watdrd 56 Q185Mm G50 cHimh. Th C%ﬁerﬁﬁﬂf arn Qﬁz@{}vafer/hour

nore—TRr Iccll ap Luucb 4U ana thne operr fraces—otr—the
channel s are covered by a transm ssion w ndow or
pI aFig, 2 3Bowd piiraplified Mmmmemplaw/ hmting Raldale 3§ afSthis invention for

ot her | st
the e 7P 16 RS oF B 21 Foe it B Biection Bl isfipuvare bt 13 n e
prodés zbRd 8l ReHowwAbeithd hiyow.arkd ﬁ'@éﬁsﬁm it Befil?@ between upper and lower

5  heating element (IR lamp) isolation modules 34U, 34L, respectively, which are retained in place

by grooves in the side walls 32a, 32b, as shown. The isolation modules comiprise a reflector
element 36 into which channels or cavities are formed, each of which channels contain one or
more IR heat lamp tubes 40, and the open faces of the channels are covered by a transmission
window or plate, 38, typically of quartz, Vycor, Robax glass or other high temperature resistant
10 plate material that transmits IR radiation. The lamps 40 are retained laterally, and centered in the
channels by a ceramic centering and retaining fitting 42 that is received in bore 44 in the
respective side walls 32a, 32b. A series of channel exhaust holes 46a — 46n, one for each
channel, are provided for exhaust of the now hot cooling air or gas. In this embodiment the
exhaust holes or ports 46 are centered along the longitudinal axis of the heating module 30 to
15 permit cooling air 45 to exhaust laterally through holes 55 in spaced longitudiﬁal baffles 53, and
thence back upstream via conduits 54, as shown by the sequence of arrows. The conduits

include spaced holes 47 therealong to direct the heated air 45 into the burn-out zone as shown in

16



10

15

20

25

30

channel s by a ceram c centering and retaining fitting

42 that is received in bore 44 in the respective

side walls 32a, 32b. A series of channel exhaust_
‘Vpg&gﬁﬂggg 46n, one for each channel, areg@&&#ﬁﬁ%@mmm

haust of the now hot cooling air or g

Figl DI BhieRbald sEtht airtheated el spikdr2dre dJarys caraidtsindtha blm-out zone is a
centered along the Iongltud+nal axi s, of the heating

subgigpial Beat gxqhgngerngd ey Seens feAYrenithesnventiory haust
| atﬁﬁ RidetichD EQHBBP F6ESack JatP i3 RAGHH al 2BIbLEL ARl upper and lower
baffles 53, and thence back upstream via conduit

refl§gor blacks 66%3@%@?@@@4&9&@@0@@8&%%&%@ @mmmmglly available

oles 7 n di rec

cerhrgat egr bc‘?a? tﬁ1 b‘{ﬁ W oﬁ{ﬁ! ’%o%%é ggs %I%%i/m }umaﬁe slieé[ 50 at the ap-

pnMMMﬂﬂﬁBﬁ@D@gﬁﬁnBﬁiﬁbﬁé@ﬁﬁé@ﬁﬁﬂﬁﬁwﬁmg,mﬂwrihuﬁlmmsymbel4aml4d
of. .the air _heated in.the spike zone nduit s

or § it SRBb Aot SEe 0 3 4 SohShehen 2ape Hade 20
exChigndehawsl aRABAERE eﬁydd&ﬁeﬁ@mémlsqsnglﬁamam&ﬁbh Qfibws along the
An electrical connector for each I's shown at 48.

cenpgsbineect the furppner thegvgh |cBbrsran ynpey bft@t O ISRBLIGE modyle) or the entire
N

mog@%ﬁgé@fa ﬁa%pg e[qaq%‘;ammgg s ragg,ﬁa glagul%wg'pg af’*ya thebuter farnace metal

shei;lhe\showm a’t E\(D shy it ol néfmciwod mselaﬁwrt & 37 anthdéhd modale &4U is spaced

she 0 t propriate tign to.f ne of
belpRotiidho 4 sl 1Be ioBBik g oh R Dot T BFmopt 54, which
corﬁlﬁ&ncatés‘kdmh ed@h charfviel $62d . S 661 Vo the kBausspils 463 —atéﬁm‘ Eﬁﬂamps 40 are
zone, or_a_stop-quench zone nodul e 20. Fi

cenigreds rheach whansgh deAvingnitsannplek sprcs S8 throyeh quliarhe cooling gases flow.

Thé %Hénh@.ﬁ a¥d ﬁ‘ﬁﬁrnaésof&@atﬁ@l? sqR@RIRhdBuRl it Ridsf WERBR I Fig. 3B, the
hrough either an upper heating lanp isolation

chamda hrg shown ehgenersily aangaier imseoss sectiphdn this figeres the oghust ports have

bee%rbt 1t9 % g@&ﬁ n%?ugle%nhéf:] lo?ﬁlg%lnﬁ {0~ Ly %:Jogag %@ﬁo&?@n’t In Fig. 3C, the

reﬂaﬁtnree:hmtsdﬁ)axé siewsinat igoneraty ;ﬁ&bohcnm crdre sendidul e 34U is

ed .belo [ i,de t,he shell h cpol i.n as, 45 .
o e Dot 3P 6 S ko a2 - A IR B A PRARLE dense, rigid
cetdiniciRAGBare heor@trcf availablb Dibér sateiialsnabes &mpleyéds such as silica
46a - 46n. The lanps 40 are _centered in _each

fosgh slise ceramisa\and preferably haya an %aekceeceﬁmr%gﬁdw @hove about 85%,
pretfé}?ol g%x}e%ogla§@/% ThOWhankels B @M lofea ' mRAMI %o the board,

ively square or rectangular 1 n cross section.
€. gFlbg mlﬂBg midena)tlwalmeélveﬂm leghlh ovitectys materidl agucly as 2 quartz cloth that is

n.cr ect f t
Se%‘%‘ &0 gﬁ“’@ 5 Hﬁa\Fes %‘@e"ﬁfl t%rﬁ}%{?&é h% SDY Wﬁqﬁg%as% g ﬁg:nreﬂector block 36
nedd aﬁ’pbe bat nIab&ae;i‘Bﬁhdeﬂ*t@ﬂd: I(RO@dinsﬁ@sﬁﬁ‘qu B8riNotelthe kdpgrator ribs 60

, th flect 6 h
beeh A PipeTAFABBFS G PR Vo LA es SAeEr PPt odigop channels. Ths
thelkRGKisdBn bBieI8, b8 Qx'hfé?}r fifadd %amst:’tﬁérhﬁsm(ﬁiff 8@ gbflestor block 36, forms

typically a dense, rigid 20 ceramc fiber board,

thecigntationdfivagtion fenihe h@ﬁ!smé lanystfiy DeFENIERS aiF 6T EAsS t9ellow in the annulus 58

| X
o SR o HE0D B LSRpg 0. BhLSP SELAE RS sty T
trammmssm:)rablamt neB8 ot, prt ehayr hfbhaghﬂbabwe %b@mtboﬁﬁ%ieé[ Hie side facing the

refgahangl ggg’ag pzbege}re%st%) FJF %‘éloo as’ Hr %;m n negg Qeﬁmgy be ground.
hi Ih gFigy 4@6&@ & Esoehetrit lenglaidmas uﬁ,hr s p&;ﬁbﬂ&f thanfid] Gdntbodiment of the
that i|s secure 0 to t he i SI e su c
uppgs @ng payehaodules 54 36?} ‘%afe ‘fonaaﬂé%@ﬂ qeHiEe T "E&* iy 30 of Fig. 3,
Wh@éhqg Iﬂleﬁﬁesgﬁclynﬁr@féﬁe@ QhbBEmeRU In #RWIRE thOPRSRM}C LRarknBR 56 are spaced
IR transm ssion plate 38. Note the separator ribs 60
bet ween the adj acent channel s 156 provi de for adequate
seal i ng between adjacent channels. Thus the

transm ssion plate 38, being snugly fitted agai nst
the ribs 60 of the reflector block 36, forns
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the isolation function for the heating | anps 40,
permtting air or gases to flow in the annul us 58
around the | anps effecting the cooling of the

heati ng nodul e assenbly. The 30
Wb%(%;&r)r#%gr on plate need not, but may be pol i"&HEE2Y072096

ap8NBy @ibs B0 As Sh6\eS ; thé Redesédde oFakd palatidhe chh@fels©$d Rkminate above the
bl ock ribs is preferred to be snpboth, as by grinding,

surkate| ob B naling duansraipsipR Pigieoifrig, thatithe ribs Ghlang siraight, vertical side walls.
Seve% rﬁ@étriéxﬁ{;é APk tchg)hpfﬁEtaHé@l &ﬁ{&mﬁﬁtﬁ%g\g{h]l 5%?(%” ggb 40c being fully

odi nmen the upper and | ower
in plladec mct:lenqpr40§le)ut1¢re0¢te<ashqvgh¢m duflie iremdasitain@ibyothe Biadyfitting 42. In
fer re

. h
i oty ot Rt PR RE B e BB G STos, Gt Pricpipd wansversey
(paWDeIZﬂ)Qﬁé 6&32139141}(&%@’ ﬁaﬂi%ﬁﬂﬁﬂ b&ﬁ@ B8k apaticivnbIh thidEnadimeés, the length

the w ds arabol i c channel s 56
"fﬁ%?fﬂ’li’falﬁ 84155 ttﬁf‘eWl P#‘é‘@é‘ QGFSSt7Ee: (7 tHiigmps extend through the end
fittlriz RNSABNESF2QB ﬂﬁtly%ﬁr &&oﬁﬁecréa% tHeRectricBBSHR Q/lahﬁ%ﬁectors 48,
straight, vertical side walls. Several heat |anps 40
ar eThqwbméltlrdimi aqur@@rntﬂlrﬁeﬂWewcmmﬁespecmmf ﬂlellarnp%camdu varied as the

P IO%QSP %pg ﬁow %rld%/ sg%f”%l a gartag:lgeﬁgg% th Squareérecwngum

codling tdhagnell 36 ﬂsreaﬁil}t haljsstah’m mmunqdaﬂehhe epdnm@ teqpided. SThus, in wide

46 be, rect ref erabl y .orient ed
SPof Pl @b 5 O s e ten ok HTRL SRSITGT oGk ShaF 36 e parabola and
m@@r@%@@w&g 4 88 @A%ars ANy bedome! BiertRAIN GrioRBA redtzh@re By way of

length of the |anps _is greater than the wi dth of
exqmpé@ éhestriapgle in wisletspecinganps besquilaigral. i ugﬂosreh 8PasHg, lsosceles Thus,

oot iy HEGaI Yo <o e e WA ik Wiy be varied
Togrtlsdr z dretyabrovisdst Ere- tftuictimmr to speawit ngpivdrsal hand| asspistiatia ncontinuous
var?ali)ih arel()%lg S t?)sl p%l?lﬁftr% parr"oc 2 tﬁs? ?x{vgﬁﬁv%n%a 1r(1egg %01{5 mor?lﬁéj 30 is casily
corﬁ‘xguaﬂeé b eddearans dlindwsieial prﬁ@s@daannel 56 is easily

St to accommodat e t he spaci ng required, Thus,. .
%gdi%e'ﬁéep TR oSty 4 Y Escciecon aswH V@tﬁﬁ%g béing directed to

the%l‘g@r@& e&ﬁb%dﬁ’rﬂé%ﬂ'lﬁ‘gwhléﬂ"c&hﬁ@ﬁéd BN Sir i rRMALR! Be air cooling
and triangle narrower, the square may becone a

pasyages P& al daph end efithe beat éﬁ@tpadrfbrle lnlgwamfyldé& ’&)@a:ﬂph@ air passes along
t

the arrnﬁﬂ%; %grsg%ggg%m far S@g% 90 cfiféd ha%thggmg sgﬁfﬂmeﬁ Ghe reflective

surfdee 64 anddie wiagknaiksigropleie 360Ther}®|t haif 1Stdxhads‘&dmat thb utnterhne port 46 via

ol R ShaPEYer & BRAHE ARDERUdE fn et diebAR xPrglary doped

silie@édlauel) Svafdar? ﬁtyhbwﬁ Yiding dohtBe c6ARR@6bN B3, Ruforte® at its edges by
o that the inventive heating zone nodule 30 is

S
slidepdgtes 68 wilhipitha praeess gong Mi HeFigapBdhe mlgt ﬁé&%ff’]rdr 64)is on the right, and
theMHPERSI @Rhaull B the 1 HNEYRAGRA | 541 @rhg %&ﬁ@&ggl are the same

transverse section view, wth Fig I rected

t o Figob u%sweﬁmwﬂ@m@dloﬁmlmn enh ﬁttingctmwnlé)smedb of cordierite
or %gaq all( rf%aé%' fed C? ﬂp%&% %ﬁ% }tgerer%)afankn(r)m\cpqrg lelr r(])?ieriltggo S%gw?uch Fig. 6A
shovanbd lrain@SlOGﬁth amentcil rBlagv@y dtenma'slﬂsheaéhaml 56 b¢ a cup shaped fitting

l.ar .space all .aro he | a ube. 40, creat
2 ARE T RBTE S 30 u RS 1S e Pl otk S0l sphce for air 1o
fioanid thboblir pakkSR! Ron thétifet3Manifdle 6004n hRl fightSo the center exhaust
exhausted out the centerline port 46 via exhaust

mapielf P8Iy s pepish itthe gxlagstaert ¢ Hige 6B shaws 2 & embpdimgn of an end
l; r
T i B O halal 72 SR e ek 08 Rl Ay of radiel webs
supported at its edges by slihgle plates 68 within the
process zone 11. In Fig. 5B, the inlet manifold 62 is
on the right, and the hot gasses exhaust on the |eft
via manifold 54.. The remaining parts are the sane.
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Fig. 6 is a series showing the detail of the |anp end
fitting, typically made of cordierite or steatite,
that serves to support and retain the lanmp in proper
on, in which Fig. 6A 30 shows the
WB%QEB@ Piarrent 70 relatively centered in t hep%:?)ﬁgzoﬁf}mm%
74, Sfpidayly @ -cAlpteshiagme delftﬂally imgediar 76 sewhiekl theNahP tude 46 id fitted. Fig, 6C

AR G b i B s
a cflindfiedl ke tdp@feﬁtsle@%‘ﬂf Hatfi%n A BoMhold AMsed Pl %%ﬁ&‘ Yéthinates in a

exhaust manifold 54 in the center, via th aust
trangyrse opg pigcr §0 hewng i ieszular qut-out Eribrougimwhich @he tabe @ms fitted.

fitgln
borﬁlk'h‘g? gg 3 j{&eﬁéa&hm{gleﬁf d% sfu]f»v@ dla;‘% e\?lg%ggn Zounted to the
uppR0@8Y PO BtlcPOT bldSROBDY mmg)@ (ﬁwhﬁ‘ﬂhty tof fh alb leyse2 para&:hc channels 56,

ermn in a,collar 76.n ch. the |
cach SisBraiE) B PR g e WG A dhe it i underiood that te
sleqve @8 &Y inedited id 0 icoBR BdpoRdin € Béte 41 t({de FipsA 2 ahd) GWHI G&te he trlangular cut-
e 72 is connected to a cylindrical or tapered

flan
out $fz eg@e peansHigrend iifang 47 dose nweqi] ke IZIQ"%%@&“P@ witg Alje orientation
SR
of BRRULAI a0 L T L oy sl ERENHE, RO B S6Fuhler 1AY e since e
apek¢staf gt trigngie gre rgunded the lgq:adjien of thedwhes is eseamtialiysalf deatering. A slight

con3 QU SR s A 0 R e e

thatl the tibeSrestase thepa:fgabiﬂtheklﬁ han rgkswibbthere€ia 6Bms @F@é de®fben the tube
Ht

a rib 60, The de Il.is_not shown for c
mfﬂ? © i ARFT deflrsh e %!5%@%?# e glyganelFigo T, 1y thejsame Fepgsseniafion rotated to
shoWin tien<aSd h@ﬁrﬁﬂ@?@lrﬁﬁnﬁﬁ)ﬁ ef dé d@gﬁ%f 'ﬁhsﬂﬁeevg 78R4 tl%%ﬂecto block 36.
Note the triangular cut- out 8 the near sid J

Ther battormpf the aad ddting may serfaeiche dloskeer mey Ye apdcgh é@rmm,t fg., by 2 -
e orientation 10 of the cut-out 82b of the far side
end fitting (third fromthe left upper end fitting).
Sl e 8§ ber flop ehes simfwitdh Birtack el eondigeration metbopetdtional processes of

ogat.i on,,of .t he tubes,i nti all elf ce [ e ,
“figs Sty ot s PO S stial BRE s i o BE PragSSo el he nventive
furraegeysein dshowtl in Pigl 1.8%e phitkssed ur&i&ﬂyhh% tHeefuthacteronk 088k guration and
that the tuybe rests on the ed of the_ cut out.
OPEALR Ry TN Hetigny W1 &ﬁ%ra@ﬁ%\@éi Frp Rk dmplpmenied management and
furrabé bRERiAMAd iafhefal hglohPreberfedSHohe 6Embfe ddibash %fh%lscnbed herein,
- Fig. 7B is the same representation rotated to 15 show
are pypiqap imaplemented Bygoftmareras (campuiaseieputelfie insauctiops.lthasfupon execution,

1n1t1tg%, ﬂ?])e enagld%ﬁjtu%tqhé Bfmé{tﬁg% ﬁ)fl&ang?m?%c%%gﬁtgrg o per Formqge Blgmod of firing

illuspecdenid fdesanibied heremg The Byrver(s) of Gmemnvéntige s;&tdns n&yfnle Giplemented as
sheet shomnn fur acg zqne confjguration and

one 3 dPAE I GRAFEHr el SIYL SPIYAre JR MGt acerwre B s network, or

siteQn @ eterdet) Aol Sérve atatip) @dualls idBakatioadl fIGeDhAE &S §8frate and serve
t hr ough the inventive ~ 20 furnace system as shown in

dyngnie pages showing: eays sbeelarirdelilps pslyimangs, failpred de faciate the operations

andGBRhSPHERLBK OREBhidfH 112%95”5}[9 ieadd %”iﬁdx‘%chﬁ ace-operator
operators and ot hers, network-i enment managenen

requirethenfsu aira oty o pe rggdratnd aomd ther ﬁ]m Watesprinse go ymf.ﬁWE]SleIr quests from

aut#o&g?&g :qulﬂ{enﬁc%ei%eﬁes%%stag Sa%%ésg d des zéeglgtgg ala lgf)tcr)]p computers network

congputeey te&r)— \@bneh: utia@ki:leeklteﬁﬁat rhuk:éd dﬂlﬁ netwdilt MaP @@ linked to the Internet to
i nitjate, r and adjust the

Cutlon
enaJ i P A G RL A eEiOE o per f or m ¢ he
netiededhpukdrish NG RS ihvdntisd cah aft angicAesGhi @%9staﬁfﬁbmtecme for

The server(s) of the inventive system may be

i npl enented as one or nore cpnputers, configured
with server software to host a secure, private
network, or site on the Internet, to serve static,
general ly informational pages, and to generate and
serve
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dynam c pages show ng arrays of selected files and
i mges, tailored to facilitate the operations and
net hod descri bed herein. The dynani c pages are
wB%dsBﬁz?& to individual furnace-operator 30 PCT/IS 0071072096
réquirenents and nmay be generated on the fly in
exangig) ar 9ac bombreciewiet uahputens)cddisbaa (@D., ralatitred,imestata structured and

nioFERGY) UM oSO FOPRIC O BT < TS, g, Pepplfgg fnput and
out?@t 8RE @bt tdehk8dimpliBent eh¥RidterBid BRtddrRKesl dophR® used in the

~Internet to enable Internet-inplenented nmanagenent
invgpivesyeemttyRieally TReludesas deast pus) progesion ang mesery seundeghto a bus. The

o B6 Pousah <hael & B IS B il Bouifl g cihfPbus or memory

conimiler, sreripkaralc bugy udndr @ sprpcadsor adradusal( bugy using edryt bHrakariety of bus.

net adat a st ruct.ur and hieranchi cal omput er (s)
ere RIS BOHBFU( 3Fe ARarbhBieaNf Hefied y SO HeSid ke o RAM) ang
ﬁx@;EﬁI%dpji&érﬁbvde&mbﬁm—\&ﬂtdile idinptil ﬂ&\ﬁoﬁiﬁlatil&mémb@gﬁh gh&ﬂude, but is not
L enent the system and netwark. A conpyter used in ,
limyitg t°=i3‘@‘én?£§/“e°§§%t%ém caa%b 3%%195?%3 s 1y RAMDEaygfloppy discs,
miRLRRES TR 1AR4, Mﬁﬁ%b’sfﬁ%ﬁéﬁ @'C%Ebiﬁp%elﬁ‘d@ USes, bPcaP dRWS s as CD-ROM

‘be any one or nore of any suitable bus structures,
drivasc] giren®WrGDROM dnveseaior PVDedies.ghagaeto-optical drives, and the
2 per. - e ] . .
ik PR ALl BidBiors” e pRORECRE Mol 2GRy UK M, including
conigerriemiable tnspucidnky zone | dodfguratidra ttérhatee mempldies dor  configuring
. RA nd fixed apd/ or renpvabl e non-vol ati.l e nenpry.
inch i R OF 4TS O ARy C R HOPr B PO perans Systems, and
otht dhtd @Ed b9 theReMpufeb@sh cards, hard disk drives

including drives in RAID arrays, floppy discs,

) . 10 _
i nf-ngFverk dnterfacs g poupdad toNbsBYS o grevagesan ntyaratocthe ¢data communi-

caﬁggpl‘fe?wo& L Wil Vied/os Uit P eﬁﬁ%géj bt Y88 an¥lBMhe various site

i'ves, drives, etc.”, DVD ves,
compygeret oubps, i amgtlorided wess’s/cagrdiizatien’s [cokputinBhdewees] adb service/product

morvy. types provide far staorage of 1nfaornmati.on and .
s R mRrng! OFshifbec D%hubis. b UG CLRORER ato inctudes
at eayd@ne pariphgtal aitéréie ongiédiocthe buenppratids chamunication with configured
. canfigurin i ndi vi dual | apps.or_groups of |anps,
incifuet Spreterah Aedcesy s o kB ST Asp B i) e nsmkeypads, touch
padNGnoudd deViba! tdakiRlY SQEniYs, ARG NPUARE ShicrophdtRh WMRkHory media

interface is coupled to the bus to provide an _
readers ewfiangetablgtst ernetes, modempnstwork sars R dbgoenticl aydNIR transceivers,
mﬁﬂ&gﬁk@nd/or Internet) for exchange of data anong the

vari ous site -‘conmputers, routers, authorized

us en! wtietygd progedn codsles canphetsiangp dhe memoryamdiuding OS, server system

SerVvi roduct supply.,vendors for support of the
P M R oSG ebpl SR era iy B SR pibsaed odutes and dara
In b B6thd£lR8 edfrodinehe ﬁ:&g)r@giﬁn REIduRE @fadt e ididtridited athos@ WhleRd computing
to the bus to provide conmunicatiogn with configured

deyiegsicorRiehic theritpREs ard eegiag aeeded Wien § PRAgATR Hy Grgcuted, the program
is SHERt parRORSdedGRlo t&g g@ﬂg&cr #EMBFIEnd ERAHEAY inRARBons for implemen-

nmouse devices, trac scannérs, printers, ‘
ting leaderationali coupitsioasl, corepasttivetedi, sensedsigeal yalugyof gipagicular con-
. | et n S . . .
it 8815 S0P REP Ty L AR 5858 e, osifaon. o
ting aendetiyg, @tinfnggdaommmdidaden fimatidys asd proecisisricsdnibed herein.

nme , 1 ncluding.CS,  server tem,.prograns, . HSM .
Oy ot st GRrael e R ansias (R s H SRR isns) operational and
relRE@gipadimtre Soradh 8@l & mork Betd oN@EAMREM®ES] which can be configured as a

envi ronnent, the program nodul es may be distributed
anong several conputing 20
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devi ces coupled to the network, and used as needed.
When a programis executed, the program is at | east
partially | oaded into the conputer nenory, and

w&?d%/ﬁt%z@& instructions for inplenen 30 ting EE’?/Uszouwm 096
operattional, conputational, conparative &g é
relat;tpgai alltabase for mﬁtaéatm)rm igtazshiceb metwozk, we othst #ipe O;f a!nftab@e as well)
i 3 58 DL s e sy s i

s .t h
onePdniothet E@smd tccprm“etmatd mm idlmcablecmhuamlpa,r acthat €6r example, data
descri bed herein. The user, er at i o ;]@ at a
¥

records Hy onsrfable g ?qqgéqt%ton@rqqﬁ TgfOT |c61ﬁt§§ners in another table

andORecairbIofd oPRividual ak®h fs%ﬁﬂ%l@ffor%ﬁcﬁmﬁé %ns&%eﬁdpﬁlﬁout or other
one or nore sets of data records, which can

actiyiin pirgeang o the inyentpe muthalrnd Sp8EB04 PCT/ USZOO?/ 072096
rel & ' i
et 908k R85 0 e B 6 bt pri

indivrduah authodeed e ewthelgicated veerg amICDBﬂgIINﬂ ebdibi@e. ofSution 1nd1v1dua11y,

T L

aleft(@), ahd ﬂﬁsmb PSne @fosktlh@tﬁus faﬁrmﬂéaﬁﬂﬁﬂﬁ ,abRab adapt BRALGNLVO multi-zone
one table are correlated to corresp ondlng records for

furgage opayatiaspryiem ity the patticalar pegds af Sgiserprpdiet By prosessing dwmace.
or A0dioWndHale # .tslﬁbtv%ﬁée%k ﬁﬁ,!la%e% raﬁ&rg}%aspgoman exemplary firing

screen, printouf or ot activity pursuant to
oparatipenstich es rrbo o dn a“lablesy degins \Wlhecogijgtrmg] Fogesf 201, yyplcally via fill-in

ten- @nf : %r gjpe! dpmac{a)%trgll cr?&lpuf:eauapfe)lcyi l}?ﬁ&lﬂllecbai Is%@e WA onstant in all

zom@s! hs.hma btic &tcﬁdﬂﬂiﬁ)ﬁiﬁ thrbwphGanhegl0 @igdlland dive copfgat b dliermal profile
' [ il with, reference

in qt5eopy 45 225 bR i1 DEeIoEg ek BRI ORI BB fired in the
furlﬁHCQVTE’@ Pi'eoscﬁalcﬁﬂt f)ﬁ*)-set %Pcﬁil& "1'43 chdck&d afdit Oh SGhd] lruh Brofile (without

his ar easi |y ble to adapt the inventive
prortmt?t by Farporting ﬁﬁh@@%@ml%\thrmhs% fuspace do pragiuce and on-screen profile

| ar needs of a given product |R processing
cur?@&%%%}g As shown in the Fig. 8 flow sheet of furnace

opefationn cpritimes®n2P@, tharmperagon prografui stepsgthrough each zone in turn,

st B PRDLIPY Ry 095 Py NS ol RS et S e nduced g

 exHaBdfR, le@sphting pb\awe&-temmamwmi seRdER uhe thedi gpdndllow temperature

to sef the beltse%aij( which is constant in all 15
set poisondhe appelke Peakclinrg AOBUY RESHHH 20t Hlwe ﬂifocompressed air
mp(ltF 10%00fl dhe lﬁfﬂs éﬂﬂeﬂﬂe @Qﬁﬁ b&lHargg s& ﬂoli}% (@theﬂh@lfviduﬁlly bflas one or more
zones 14 2, IS pre-selected f
grosafr of lomipart® amtimwzmd) Waw@fqrml totthe frEpeiapusel mcmaﬁm gurve required in the
I
peﬂ%gﬂ%i& (seg- Iﬂ‘g{: ?Z é{?,utﬁg E}?Lgx}ch%oﬁ %ORE%@L& hfo lc]ii %Egﬁ?%hlg%ompressed
air ts[tﬁp‘]ﬁ poithd g kaife had Imhmip (retut4lr draff) or tIDefaﬁ}J ITha cStop-Quench Zone is

cotRE A Y AR o o et RO Rl Do PR th aiow

(wikib Qg 6@% £85%0 1He d%é}ifcﬂ amoShtetb lsioP ShadehcH) NBn B nneal Zone

Zone 20 setting the rate or_volune (cfin)

of
is qonBgyradig bbby sythng the&xhw&mdmﬁ drafiy g hegfrachapge tube water flow,
Opﬁc\(r%ﬁlgt\%%ﬁE%‘ﬁﬁ@t RSl BoTor %ﬁﬁsg%}?b@éegh and | ow
ratur set “pol or the The k
Fir Up@n Fofiguiagore mmlgtmne diezfQ@aCQWtaung metwd 24 s ehoswdn the logic
coql t.hepl a oI tage s

P0’28P notfslg%él thgfrereln Rdi® v?"g aﬂ? yﬁ%?naglg tgﬁ[g o;iprrl\élr e Zg%m“out Zone 14,
thegtheusppleofin kidnpmeddhitpun signalszopregentiog cawédtampetatitdevels. These are

tenperature increase curve required in the peak zone

16 (see Fig. 1). Next, the Quéhch Zone is configured.

210 by setting the conpressed air supply to the air

kni fe and exhaust (natural draft or ID fan). The

St op- Quench Zone is
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configured 212 by setting the | anp voltage, either
individually or as a group, and the airflow (which
can range fromzero to the desired anobunt to stop the
4Finally, the Anneal Zone 30 is confj
Wg%ﬁ‘ﬁg}@ setting the exhaust induced draft far?cgﬂfﬁ(ﬁ'e’gp"%
comm@:thhg?etot thb ectvymires, ahd ofnthe valned amahthm sot patadteteds, dhd lamp power is

mal T AL | UPSED of IBOrIEIEY POt (b ik deo s peFaiean o PID-type
corﬁibﬂlb@dﬂh&isﬁhé Bl ynifer D7D ﬁﬁiﬂtﬂe‘lﬂérﬁmccﬁ@[és Ir%@nqjmfer Jaluds.

(reference shoul d al so be made to Fig

nolie PoRkreng A6, AL HeHAgSCSDTST signals) meoztmelho uhqmpcouple signals),

e T
and nfemtﬂnn tﬂitﬁeseémedu@ngﬁ, ghe wolthge [prctﬂi@ lmhlmmeerQGV\Mhﬁlem; if not a PID

colfe BT HE! el bEROPALE vt T8 Y R befERic o witin e
prqﬁaaer ATEY el céhtRll of th enp 6@1&&& teffred el tﬁ&hﬁ)cbﬁ}ﬁe LR,
V\@‘r3 22%_}? r]fh t he T;lher nocoupl es report prope
be Quimeh doprdk 6 RATFEHITR s VPEaige Vi FReiing 230 and if within
pro%i'leg ARl aﬁrsﬁow( R the SR khGHR |n11a\lntalhg@ﬁ3"§3 GRERhE F ALOHR! e§ﬁaustbg} compressed

for each lanmp or groups of |lanps, as the case may
air yplaeciontbe paknifp 4re adustefe2Heto kmgathetemperaturaw within the pre-selected
pro‘f'f'let hin the selected range, the voltage profile is
nmal nt ai ned 226, whereas if not a PID controller

adj inghs Stobé)uenélt Age 200 tehempanpledy masiisred 0B8] ar@ & within profile, the

g P g it e 158 i B Plapplipaigaseat 265 are mainained

238 Riciaae Qﬂ abe ﬂwmhfpobeltalga id BEusdEDod 1oL 8RRy U tehﬁ')@ramre back within
nperature is nonitored via profiling 230 and if
k¢ hin 10 profile, the air flowto the air knife is

rrai D 8k D@l Fne YNGES ApefaniOls mb Er@%’%%ﬂé br ﬁl'gre uposmgns along the

conpressed air values to the air knife are adj
zor@smdléth@mr@@e iheky é&ﬁomw fap seiting ismaihtained 244 whereas if not the
px e Ofl l e Sto ench Z
alr ow 0 rrperg%%e an_1s acﬂustegr %%)e Eé%l’l % tﬁimwa{ A back within profile.
Typzeﬂfy, he lanigh@r othenhaao bdiage otiedthar tiliang gafestifom thﬁduaﬁﬁ and/or stop-
draft fan in the downstream Anneal Zone are
quw?ﬁ?%ﬁ)eﬂww@égnﬂ%@ﬂeas if not, the lanp voltage
INDYSIRIUS! SPPRAOABALAY Ng t he terrper ature back within

profile., In the Anneal Zone 22, the tenperature is

rmnlftl@ clear thet Biecingantive heat sdamant éedatign @ﬁglul%@ﬂl £epleng channels has
xt:abﬁll?tg R | lo%eésglg% fd%%ed st r}ﬁﬁ{éﬁal%% t%slitrfurnace systems

Ing 1 rraln er eas | not
ﬁttbdl ovhahcht hedosailisiave awbsiantialdjrorstang &Wenthgespnanmdy faster throughput

b h fil [ 1,
vt GIBE YR ARl 1ot AL it it O S8 bt ot order of 2
or fdoRdThéHigg Gate Rathoan erTostsip- labhpeife nZ@AR108) the dk@vered heat can be

provided in this zone. | NDUSTRI AL APPLICABILITY It is
re%'ﬂé%rto tORREr argre Sfnthe irpsrss: Hadpdiag die AEying gndrghigat sections, thereby

ﬁ,cggsteﬁergy%gtpg channel's has wide applicability
to f e processing of advanced substrate materials, in

t halt sherd he andeysioashihat vagoys medificajontwithia havsepe efihis invention can

as‘l'f gf Qﬁfﬁi?iidé@;ﬁhsf%ﬁdéﬁﬁ T—? 8’? ﬁ'ﬁﬁe’lﬁ qf: o&g gtze'rs ?ﬁ'l?e%é(of and without
mﬂ‘m;i?em?em“” Fnﬂbﬂampwﬁwdma@b Gf&pmmatqralf)mvaﬂ)ablé Ineting clements,
rder of, 2X ati

IR S e PRSI Rt SRR P GHENEHE blogk gl dggnsmissive plae

to ReAtissl#bod®oling chamnels, the heating lamp may be disposed within a Jarger diameter

22
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recycled to other areas of the process, including the

dryi ng and preheat sections, thereby reducing

process energy costs. 30 It should be. understood

. jous nodifications within the scope '
‘W§E@§ﬁ¥?%% can be made by one of ordinary Sﬁ?&gﬁﬁhﬁ@nmm
quértzeube ndntht laomitludegpaedni them fforam thé eoding padsagdveny eof pragdrized air or

Wit haut  updue experi tatipn. For e, a wide_ .
othPL fpREHE o, Qe A o P Srbe Ry ity BRGNS HAP L insuion (or the
uppeR RSB cilRr witdor WiB&RARriRE] BaffiBATRR! bétRe&Pth bitically eliminate

reflector, block plus a transm ssive plate to form

tubps; braging afiageyb fybagy Tow sefirsios black dnvirsdof heing aasoligsie Wigh channels cut
. U Bi M A o o _ _ _
o BREStst) 7056 SRar TPk DR el cERt M Ritaton wit
triangdan pierere! simdlac veleriabfopang agdivalybafides (basespupdiaadbvai for the upper
) r ol .ng. gas. ;These tubes,can be. di sposed in

moe) b iR, e Bl i 357 RS ShircRer Bt RES S n anothe

altormdive eonstRictife r glavs tdioth reaivibt: lidafied Viedrh i0ppdsit alidel ®8lls in a corrugated
there between to optionally elimnate tubes heating

patiz 61 éf%é&?nmccrr@gﬁ%ﬂa}?é?m&%%s ShefgClE R Whichihs hgt Jamp tubes

are"FBRbhd D hKovIthd) gERBNOBESW Tt serva¥ af ﬁfermdtréﬂ_gﬁfs?iv@’ 14480 all these
be sinply a thick sheet of the rigid ceramc i bar

altgrggive #nibodimentsh thet is¢latinpusyaiermpivdl permiff opstating dhe process zone at other

i.al.f 1,00,V i cal fle e .poi nt
ol AL S 034Dt 8 s sy o
usegl Ubd rite of heolbdyeBtearilit hdjwatd and cag®iitd, paddBeeibt mayrbe reduced or

. anot her terngtive construction, gla cloth can be
ctiRas D G SHBUET £ BF deed 0 pvitn sl St gt process parametr
corfd@l, ieEIRdinbih nbhBmBEN GAN SHRMN [FoeE ihORS deRichl NWibstrates, peak

t he channel s in which the heat |anp tubes 10 are
tempgEueH Rl 4t 8 PHE 290% eo0lWonadwes faelingetiy Baw aate et exchange
ratd, Eggﬁrtﬁgslfﬂe.s %ﬁein%lﬁfoﬁ; irl Bot! s I:&ﬁﬁiﬁat?o | 380 Bt dotbination aspects is
enbodi nents, the 1solation systemw permt
therpfie ¢ ibaglefihed py dmesspe oh theatppetded rclaimb an batadiysghibe ipeior art will

. e e, ith. r.th air:. thus inert or

e R iEvig 708 bl i N3 o2, lulybull AT ppegy coment and e

equivabdnitatperesf. easi | y adj usted and controll ed, and the
ribs may be reduced or elimnated. A PLC controller
can be used to provide sel ectabl e nenus of process
paranmeter 15 control, including but not Iimted to
belt speed, power ranping for selected substrates,
peak tenperatures, dwell time in spike zones,
cool -down rates, cooling air flow rate, heat exchange
rate, and the like. This invention, in both its
conbi nation and sub-conbi nati on aspects is therefore
to be defined by the scope of the appended cl ai ns as
broadly as the prior art will permt, and in view of
the specification if need be, including a full range
of current and future 20 equivalents thereof. 23 WO
2008/ 002904 PCT/ US2007/ 072096 CLAIMS 1) An IR | anp
heating nodule for nulti-zone thermal processing
furnaces, conprising in operative conbination: a. an
i nsulating reflector body having spaced grooves
formed in one face thereof- 5 b. at least one IR |lanp
di sposed in each groove and spaced fromthe wall of
sai d
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groove to provide an annul ar space for the passage of
cooling air between said |anp and said groove wall;
. an IR transni ssive plate disposed in contact wi t h
ved face of said reflector body to
wb??@sﬁ’; élggel y isolate each |lanp fromlanps i n%ﬁ”&%“é’%’?m”
CLAIMBves and to isolate said lanps 10 from a process

one f said furna and d. i d oove .fo
i I 1P hierine RO for It 20 s Epross S g G Fgmprising in
qmﬂmﬁ@@&nmﬁhkmght fromsaid [anp through said IR
transm ssive plate into said process zone. 2) An IR
| arfp feiasilatingredestar bady havied spaendigregves Birmed i epedaagdhraeof;
i s conf; |
oo SBL SRR Mk dRpodcl A R E PR e wall of s
grocede ltd pioiviclalan ameuldr space dor the passdpb of cocding air &etwesy sidd bamp and said
regﬁ@ngular or trapezoidal. 3) An IR | anp heating
e as in claiml which includes an end port at

eacm ANIR @insmdistie Qamm sed Bleof@a&sagahé Q@b@edﬂﬁé@@f&&d reflector
gas for cooI|n An | R | anp heating nodu

body H> LTARYHE SORIecAch nsmfmlaéspﬁ aru@%a(:ﬁ@trargm@@ A iiteclaie F?gd lamps
fromt QEQ,@QQ 7§ gsgg%g\éet hneach of said channels, said

aust port being disposed nedial of the 20 latera
ends gfid stao‘de lotrannbighly raﬂnﬂ:ﬂsastdfaen@bnﬁgmé idpefifantjvely direct IR light
ass lin a nul us betmeen
s QRE1 L 0TS RERP AR ol SR Roer oL
B)alfch E?nldmp(héitﬁlgtr@ocﬁ@d 4 inredinall wkﬁbehﬁ!aﬁi grp®felis cotf)eufdd with a

IR I a heating nodule as_.in cla rein one of
ANSYETS] CEIRESEOPR S5t eﬁ@@ﬁﬂ@&ﬂﬂﬁféﬁ%rar%?@aépptgﬁh SThigeircular,

triafRROS8 68 L tRRfar bSARzE¥haust port so that cooling
ggs is introduced in one 25 port, cools the lanp b

y
1 Wglamp beginganerdwlaas ipslaige & Whﬂq]i'én@l% ap Agrl paikat each end of said

usts through the
Cha%}é{)%gg% %ﬁ%ort. %nﬁ) ,grgagl%qlcg&ng@heatl ng nodule as in
€] doniR3amp hcshin'g moiduktes matlaired whichmeheleh entsiist ports deramhunicating

far .recycl. hot ol i S .ex ed f.rom sai d.
throsf it R T PE i ol L Y B Q0T 675 SifB0sed il of he
late@Bérids Bﬂiﬂit&&lﬁnneﬁ@ ag s eﬂd‘mﬁ'@\beﬂg B¥Hptdd-13 pe cb&ﬂgagﬁp in the annulus

thermal processing furnace, said zones |qglud
betwesh sals dmnsepd the sprtaceah s3i6 Fhauagls fngtai stid epd peyts to Raid medial
exhfls sed continuously through said zones and a

cool i ng system the inprovenent conpri si g
dp dRi lgrmp bentiyE mndinleres imelaig 3 whersin asp of sl eridepozisrisean inlet for

cooﬁﬁ(%%? pa?xldfglﬁ’érdégg%dleﬁzg h{)’l‘fi fssa\xllZeQ]? é‘ﬁ éo?{g& tilag %!(Jjnﬁ g%s Pollqtl%ocﬁlced in one

portl ild the benprigtpasdsing inhe/anmglus betosen mampwndaher fyfaod of the channel

rooves, 4 WO 20 8/ 02904 PCT/ US2007/ 072096 at
and £xhausts gﬁ@%ﬁﬁFN5Wﬁs 88§%d in each said groove with

SR Ah IRRaing ﬂ@atﬁi@&ﬁ&ﬂllef AsQitclathe 3 Siheld iv@hdes @f leash Bhdlexhaust air duct for

groove to provide an annul ar cooling space, and an IR
recfecpt B oRliEAHEMBROEH! OB YL hERIRSHBRTGaR Y aisgsoRd processing zone
(ﬂsgaoﬁﬁgg.face of said reflector body to isolate said
anps from a processing zone into which light from
ghian mroved mpsti-zenediRr lewp debrmal moceam@fgmotp pdugl zones including a

conbesrgw elt Id trzgr’spf%n% g Oéltlctg e p@o%egsed cg}ltmu&s? Shid zones and a

e CoOo
cooling system, the improvement comprising in operative combination:

a. at least one of the zones of said furnace includes an IR lamp isolation module com-

prising an insulative reflector body of insulator material having in one face an array of grooves,

24



10

20

25

30

said groove to pass through said annulus to cool said

| anp and said IR transm ssive plate; and c¢. an

exhaust system for renovi ng heated gas fron1said

ooves as a result of cooling sald

5%&M0§%%£133|ve plate. 8) An inproved mul ti ﬁgﬁpgggmm
at lepst npe H‘hkamm;llsgosﬁbegsamgldf gromomﬂmd IR lainp |spacEd Yo the side wall of
saidS ; g i sol t|on nodul e rovi.ded. for a

! %9"12’8 "fl?rPYl &a‘}%ﬁéﬂafgfo A¥s PHEr ?}\L‘;‘é& ?mlf%}ﬁ%w}“ﬂowamﬁlose

contabterBhidlire®ea $ide @1 k4ld RdRE0ABody o RoRitdBaf 1 ?g 8bR SRbssing

exhaust, system recycl es sajd heated gas upstreamto

Zon tq\@lggkgﬁgﬁgmg;sagiéﬁ%ms fediand a drying zone. _
10), ADgdsrRpRY %ﬂwﬂe& 'to #9068 8 eh@%ﬁ#_@‘&?férs ﬁ‘g}é‘g%% 2bdlfhg gas to

furnace as in claim9 wherein sa
saidigrsive aewseﬂr@gbemdmgmzlm ccj@l\msitlarea amcbdaics kR darsmiidsive plate; and

fi r| n -zon
t het n%"i é‘g‘?‘g% é;sée?ﬁhénf TrRA agcglé o s gw%&'}gq\rﬁs as a result of
coola@smdﬂmnpmﬁmnmhmdﬂmxatpldteast one of a quench zone

a st\p lgnch di ate et ween s
ﬂgﬂ ’fbﬁ%n rrfl PEXEI e aslug)c am% 7 wherein said
IR Iérﬁﬁpfs@l‘dﬁéh IﬁHcthé rséﬂmaécﬁoi @mé Zg%he processi ng

furnace as in claim1l wherein Z0 said quench zone

Dnenjmerovad multhsenedRdamp thepnilipsocassingribimged asrin claph élvgherem said
cxnf LS O LTREA 4 oot UL oS SRV Bl g

‘zond. nproved mul ti - zone IR | anp thernmal processing

ace as erein sai.d t op- que
{0 e PR AR el o it e |cfawg g erein said
furn&a2iifblipleo d tiiperifg zPicRoRmatrdaaof @id shRE Wb Bend. N Sai d

anneal i ng zone. 25 14?am§n I mpr oved rrultl zone IR | anp
) e’%lwpfa”fﬁ'é\ée@%ﬂﬁge W fappdhergal pracessing farnage apmisredain 10 wherein

said $ithsbe 2GRS hﬂgastz Qﬁbeof' g‘:ﬁeﬂ&ez%n bnd §§§;§ @h %neQmIaﬁ?édlate

exchanger assenb ports or |ntr
bew@etmawbmﬂ@oﬁrmmn@ gmbialcbfemlpcmg B/e., to brl ng the

handli.n
AR AP b e PR
said qhmchadmepmﬂumat Rgstione siakeifeassdnibly foairapidly wtlueing 3 temperature of

i ncl s a controller for ,h ca olling the rate of
prod R e R be g it i SRS g 49801 T aach of

531 Ah infprbaRSulii ZosSIRainB thetiRl Iiré&lsﬁﬁg RPnddP Qﬂﬁmﬁq 2 wherein
sald cooling systemto provide a relatively infinite

said sigpgcnsh zpneeinphides it lastoge Bk épnabtmsmghecqnob@g of said product in
prep%ﬂéé}?%g% g{fgmzsg{mnggl g%,ge furnace. 16) A method of

I'n an i ndustrial processing furnace
Havimignproed mwdiaone Belatnpdlarmyl prgecssingifictact by inogtim 13 Wherem

i Bl PR 5SS SR 09 NG SRS B

tion pf donabilddyantfuntsBf CedTRg airNtodRing ieA¥mbdtatate dfQATIpraUdLY to a desired
firing zone; b. providing an IR transm ssive w ndow

bandlag {Eiralled | anps and said conveyor belt- carried
135 QS idpro e $aliEl 2bhd IR EmB %mrb&ghﬁ?é et & 1&%@&% 7 which

fromsaid product; c. cooling sal anps Wt

inchidgt sagrolierSoperasreling shaneiswf gaval ofaitiemvexr del, ahqap@ver to each of
I t
said glltl %{nﬁ)g gl’ll %]agd ﬁ%ﬁ%ﬁgoleﬁgﬁ lfl&ﬁlegﬁlﬁ %xﬁ %831%@\/\%&&}21 Q? Hré)wde a relatively

rocess reglon t rou
infinite range of thermal heating and cooling curves ﬂz:oughout the zones of said furnace.
16) A method of heating product in an industrial processing furnace having a conveyor

belt carrying product through multiple processing zones comprising the steps of:
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belt and product pass adjacent said w ndow, d.
exhausti ng said now heated cooling gas; and e,
controlling power to permt operation of said |anps

w@%onﬁ&ﬁ@m' ally 100%rated capacity for on t"ggﬂg%@%’m%

nore heating rate without [anp warp
conpr puovElingg pld@lityanfiR llanfss, in tun exrsshiy apleastiode ﬁgngz&ﬁpc

: gﬁ% g%dylg] i ?B %g%%\%@d[g‘lﬁt eﬁ%gg ia?lg %\&S @l saég cenyeyor belt-
carriel BiodudiGn Whi GRng BedeU48 BBl RidIhRRs Rbml s8R EdduRY ?a' d

heated cooling gas upstreamto at |east one

buren- engling prid y‘flﬂilgﬁ cpohves gas rasped betweerhwidwvindevepidyamp

surfa.%f td Er%(/{[gl ?r(]ﬂ ) ncpggﬁz% ?ﬁéﬁﬂg@g pro g:gss]‘% Jpﬁ}dﬁ%ﬁi which the

belte{mcleproﬂuuqugassad}dcqmtmidlwmdow a quench zone j ust

downst r.ea ring.zone by.passing said

pr du??mV%]W%S%‘gﬁPgaean’%ﬂnétggs’%ﬁl cool gas directed
oNnted @ntroBRE hoRBE PIThias rﬂfon?oafbﬁd Bl A€ EssentDily Mpooh eded
as iLn claim 18 which includes the step of stopping

capaCis {4 9B AR iTAR AR XimPry Resding rate Withoyp SR yvpigage or compromising
lam S BAL ﬂl@llebf grolv r% a o-8 ‘%@EO&CﬂﬁhhﬁﬁpéPﬁﬁre rRe LdThabPpeak

prevent e cooling of the pro- 20 duct below a
temgﬁzéulseiﬂ‘édleddmﬂltmm 20. Method as in claim 16

e%hor}i 24 \%ﬁ% Eg Shith u’? é‘%@@h %%gto? reck'%l%ng s?dd% at%t? !c%]oéing gas

ers ana- nelut confl
upsti‘daﬁl toanlcad lon®bf 4 burp-opoara, drgiag domo wapore ﬁﬁ|eﬁic$qaﬁjf df thermal
and cool of said product downstream of said
OPGTPP?’F% %ﬁ%’ﬂg@ ®provi de a pre-sel ected thermal heating

fﬂ“np@/rleé%gis g‘? lelaigz:i g@n ?hﬁhﬁ%blﬁe@ﬂié%%p%@ kapidlf §hidnShiN@Ydid Broduct in a
guench zone just downstream oty said firing zone by passing said product into contact with jets
of cool gas directed onto at least one surface of said product.

19. Method as in claim 18 which includes the step of stopping the quenching of said product
by providing a conirolled level of heat from Iéast one IR jiamp to prevent the cooling of the pro-
duct below a pre-selected minimum.

20. Method as in claim 16 wherein said process is adapted to fire solar cell wafers and which
includes the steps of configuring the control of lamp power, said conveyor belt speed, and cool-
ing of said product downstream of said"ﬁring ione to provide a pre-selected thermal heating and

cooling profile te produce solar cells having improved efficiency.
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