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application is directe [ e conveyor
furnaces, particularl yd%é'gﬂmlg#wal l'ization
Titld:r1 ng of screen-printed, silicon solar cell wafers,

havi ng an i nproved spi ke zone and firing processes
t haRARIDUI THERMAgh FTRINGU IR t GONVE Y OR0 UIIRNA GRRAHAVING HIGH

ef f ¢l | sol ar cell photovoltaic
el e@tﬁﬁﬁgﬂﬁmgg@ is characterized by a
FiekRi ke zone 10 heating chanber utilizing specifically
configured high reflectance-efficiency reflectors in
C oof)blﬁ aippbwtmntlh directaé 4o |1mgrdvadﬂRe¢ce1weymsfumama d)aftroultarly useful for
{ ﬂlzaﬁ le,lcr:lt ar.s rt(e) Cr. e€ g cp t.hat perm d spik
%%gr g&g\%lﬁ I BHE flySI :for{ Wé 1§ grs Ba\Blég an 1mprove spike zone
andS GBis g aptbiaakdsy tHah GEfis B h?hei hddnufdeurin nﬂﬁ@ugh@ﬂt Re@tdfRdiency of the
anps operate over extended peri ods o time at up to
remllt;@%@ﬂr ¢k Rwtpligic cleensuthainproved wvenhisaharagterizedby a spike zone

L ML W R

coopbmtith wethtIRIteatifelapipOsl@aents OptRed Rom theedRREr 1 drB&e cooling channels
heat i ngﬁeffect and efficiency of the IR radiation.

thaigperryt Bigritpablempaver dsnsibapf giF Binase| tp dsnsubsigatalisoingreased so that the
1nﬁﬁ%él %ea{tﬁl%ul'afn 3 @F&Vé"R€J egcftenég& éeﬁ{)({lszg‘ld%ﬁ% A gl;fystgsl dO% of rated power

In~a's ic ord ese processe
outpmtcdzvuhi@tswegieetmg YEiealnveinévessysteno mmtngmé@lsQOfcgm@amthlennfra red light

){st al grow n%j furnaces or cast into
gengrtqd by thpdamps igao Hiabaesealer amgung gRiersle process zone thus increasing the

heagﬁ% Lkl G R nc% UF RRARSadi Zﬁgrhr esult of these

cesses are sausage- shaped" single crystal
Backyzemsd:cal | ed i ngots or multi-crystalline bI ocks,

ch thi | i ces of on are cut S- ...
ver Do Foufatomahsisod dassd solreeioondig Sumhir T sppeialized processes to
occHRfif S pegq‘l%s(?rd@@f neral YNBELCHrolBIAEs HRIRE &n lé'c?%tﬁline silicon ingots
"al et her”  are

crystal” or multiple crystals conjoined tog ,
grofvne m pmm@ls gedving fuomaves noothst watae rmuln&'crysﬁalhhe blBCkst on “directional

rreter an e of .t hi ckness .
so@bfoaqaw pacey HegraIse ] tﬁ*ewmffﬁées TGN tsa‘e%ag% al%r@d single crystal
madsBVBdI 3 11‘@&% 3 ntulilﬁ Alife bIOLKY) Som WiRhaGB! sficdBOX silicon are cut trans-

m croneters thick. Finished raw wafers are then

verpalp méths evird saves”fto rf@lm mugh@ol,%lcalrl veaddrs.sThesapafire whether made up of a

) ener i .electricit I he hoto oltaic effegt.

G5 PEE o b8 SRR bl R G BL B BBl i smooth warers

in tBE ¢H0 RO3 WRIRbMORS ranBO F fHckingss? BYcAERST tﬁ@bda@@ty of sultable silicon, the
di ffusi on which creates a sem -conductin

cur]remtr@mcbﬁ tewvarde mapingfthe weferohimes tapicallyghd @Wﬁﬁn@@w@gk
su cﬁ nésggcg(reagwg :\}\%.)%eera area{ b (r?rr]@cfe sgﬁl oﬁﬁﬁ?&n%lt%sola?ro&rﬂg eg'agable of genera-

tln%ehéaﬂ?@[t?i dy mﬁ%ﬂttﬁ)bﬁah& affdct hWafer &st(nm&); witle &h@6hs cleaning and
bubbling nitrogen, N2, through Iiquid POCL3. The

etclmngu sperepens. spding ihg praches cadlgd difiston whigh cesatespesemi-conducting “p-n”,
Jungth o%t Q88 t@ffﬁmgﬁ l }:Cur%lékql %lﬁye‘f‘l{ e?ﬁ@es ﬁﬂ%l'té i)reestzl?é‘etJﬂ?ﬁrn‘a{fi%’]phosphorous

posur e ifor el n source
sou?dé@%ﬁclﬁiﬁiﬂr@y&l lajued ebdiliee tphdsghvrie af:idrtﬁ' anepondf phoghorous oxichlor-
1
ide (POCI;) created by bubbling nitrogen, N», through liquid POCL;. The thus-doped Si forms
the “emitter” layer of the photovoltaic cell, the layer that emits electrons upon exposure to

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
W@ 2008/002984 descri bed in nore detail bel ow. To RCIHBE7/072096

pringf me s etsdngtay et B M Re b BEreel: i Peiebrcbin more deai
belgWl tter |ayer, additional anmounts of phosphorus are

deposited 5 onto the front surface of the wafer. The
phoépreshangs the ahilityeto fcmno lanaesisthese sdreenaprititgth metal contacts to the

erature di.ffusion ess
TR Rl o B 55 oot o€ Prosplpg ar deposited
ont€NBS | Rsnt tINEFabO W ES ivaif@n qeleclsmisﬁ@dréust % BRvEPIMBdhe wafer via a high
However, the formation of such contacts is at the
emPRIsEng aliffusien peacess lasiing hp a9 f3|00méWé<3$ Thpexta|“felectrically active” phos-
pho%flsf 'rergellbg%ﬁéire o%vz reasrsltgn%g nc%%}a% s é)s §% rff)ré%eél tel—he\givgﬁn‘gﬁ %ormatlon of such
con@d@&ﬂ% it iherexpénsbiog B%ss@ﬂﬂ@él%’fﬁ*@i&mﬂ Oriehell tefi@sesy! 1880 rfes as a result of
phot ons. These "blue light" photons quickly reconbi ne

elegirpy-iple pigs generdied: ety neay ihmsrmfwm@rqugbuthe elatntionatilagher energy but
shoh%&xyéeleg%dﬂ@% %)egef}%%é 90y xlgh{: ph%‘t%ns é]gAékis)ﬂ:ec?}nfo %Sa{n(arhre lost, thereby

and ani n O reno
elinbinw@iy t@dlrssmlbuﬁ@mbuhé p@wg:ﬂgméﬂadﬁﬁ of therellhe sides of
the wafers, the wafers are coated with an

ant‘i\ft?reﬁlff@éllopv"é‘d \@élaw Rlganipg gnd gtqhings processes 1 femqye unwanted semi-
I a e,
conl gétggim g&gﬁ%ﬁh tﬁ%%ﬁf t)lf" S ngg% g%err\gaig% ﬁh%@iﬂea B! an anti-reflective
coapngctgplseliy siliben wifiée ESiblkl gandrelly by plasepeanatmnded dhemlcal vapor deposi-
in |low tenperature

tlonoa%rsé\; D}r ?\é«;q%%gfﬁs(?s et}?igﬂ;g%qqs% thg ava % a{eA%gd ingreparation for subse-

depReids&lintlGwerhBirGRE fovapproxi mately 1/4 the
que @g engtﬁ1 of |g%ﬁt of&gngom crons. After ARC

applhe &Ngcamn—tetﬁlectua tatieg KABIC) imdetwsipedtouz thlslmeSsaoéapproximately Va

the Bﬁ%’gkﬁg&ﬂgﬁﬂ% %@é P‘%‘ﬁ%gﬂ%ﬁb%(ﬁ %{1}3&3‘15@5 fgfclg %eXblkhlé a deep blue
surfaRC c%ld}leFiQaARﬁgrﬂlﬁnﬁfe%aﬂl@dreﬂ@cﬁdﬁeofg E{eYRPTSRS RWing wavelengths

m xi ng sil ane , ammoni a, NH3, and pure nitrogen,
aroiR} 0.§aisie®ns.n vari ous concentrations in a h| gh or | ow

e PG S0 AP GFSFSnt B L) BRI Rabap igh silane, SiFl

amﬁ)ﬂﬂfaom hag ﬁur%eﬁl%gd:rpl LW\JY) Ugasesf figGlariehs rcﬁﬂ@nfrhﬁ@lsbiﬂ l& high or low
defects, especially rn nul'ti 25 crystalline material.

frequivacyi sfiereweverfields T gbydmf?éﬁ:redlém&wwldr@ffésq@afeﬂs rapidy into the silicon

wa%:&t nbflﬁ%ﬁéqrt]lﬁ as %Begr ecﬁ gelié’f;?l Pf ﬁef faJ(r%l e]ﬂgﬁ d%g%c%mé@ﬂemally in multi-

cry§thiematifsleridle MpRd ﬁéfé&t@saré 2Py GviRO Secttbi- hOl@Qﬂﬁl@ da€recombine thereby
hydrogen to diffuse back out_of the wafer. Thu

redy¢ing tcell ieffi¢igneyi PreROVERT ORI o SIBWRE s@sw@vbm ftrmgs(see below), elevated

t
YRR R TgR SBESTL0She RUATLANS EEE bald ghfof o ter. s
shokth@ilpulitkesn@t aedcdlary especemlithiy hydtroghefrcmSeuwgassﬁ@ from the wafer. Itis
multi-crystalline material). The bg Kté“f t he, sol ar

bes&‘@]a‘p the hydgen seapfured and rg‘{amﬁdﬁﬂph% le paferigh(especially in the case of
muﬁp&?ktﬁﬂm@#a@erﬁﬁ een printing process. This Al coating
I's

rst ‘then "fired" in an IR furnace to all oy
it Whd backhd thexotarel mﬂ/eteﬁlwwozm alumﬁ’(mbpasft@ccmitmg, applied by a screen

prlrg}bq?g?ﬁkrﬁ%l# Liggé :cgagpg IS 1rs§ (gfé%t felwé he’rlgaagliRsflljntnfagg to alloy it with the
bor&wh 'tdgfi’@cg STUEK, hefeby SbREMPY HBidk"Sirfale Hei@Nt AELRAS, the back surface

aluminum paste is dried, then the wafer is flipped-over for screen-printing the front surface with
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WD 2008/ 002904 PCT/ US2007/ 072096 sil ver paste in
el ectrical contact patterns which are then also dried.
W(TMS)&)momt erial s, back surface al um num andP€T/G82007/072096
. ace s co aste hen cO-f.i ip a .
sﬂvgl[‘ Haqeéuh ec bca]sP% a& rnssu\g @ljléeh hepI q,l?%arl?cg?@} Bz&o terials, back
surﬁb@dl%}mnﬁiﬁlaﬁd Gont | !st[rfd&l sHPMQDNABEPARtQ aeStheANGoSiréPin d Bigle firing step
back surface typical l% is fully covered by the
(thexyubreavgnt frinsigqseestie 20O dhisfe-fiingavesonsyproegssing step.

zr{i‘/@efﬁaggzggg[ﬁ{eetﬁgwgf o%ﬁ@g c{}ec?})%r erlﬂﬁfn\ﬂﬁ{ Kas@l paste, while the front

or t@ﬁ Beltfede 08 Scréah privodd @ith s ﬂriaeleﬁirc&ktolf @m&r@ﬁmrlﬁteg doimecttidno larger buss

e depleted r egl on of the underl %@n doped_Si
condpsterselo ‘sollpearthe glectoms gensrated wi %&@glq:t% regip of the underlying

r u
opd 1 SBOSE R i Rt RE S panf ! BEHEIRE pLRoIE Bfen area s e
uncpasté Sorihe &ob@ﬁ'mod foff @igght trive gleciricity." Afef theedpastebhiavbaekn dried, they
surface alunn whil e the fron urfac paste .
are " go-iret o B Hoc mlr‘fl?ﬁ ﬁﬁ%‘%‘& alleys ghilgt 5?1 B2 gt is sintered at
hlgh Qg&gtr%lﬁéég B1g21g%131g§1?§1rré ﬁloé%ﬁife&::?rﬂg{ﬁ?ess 0. arfggmg th %OW ohmic resistance
congodtars onethé fromherfansbfthe solavesit i on is directed to such
co-firing alloying/sinterjng processes and IR .
£ ur Rl BETanD ieiep dod Wﬁ?dn lch g Al Sigfering processes and IR
furbdc8f §55 \§ch Q?”ffr %t by oﬂiéf“'lh@tﬁltr?allﬁo@é%@éée@frrenﬁfy"eﬂ%ﬂglﬁe IR conveyor
or suc iri oyl ng/ sintering processes have
furmache &dri sugh cordimingy al@bwmgz{sdtermg orecedsss havdbe heating dygimbrs divided into a

nur&ﬁ ch f E;ggqq!ngg ga(fﬁaolie%lﬁldg En%ﬂﬁgqslofggtrp % o@%ﬁ%glgvgg)gl\é{e%) Wﬁﬁq}arious forms of
1nsulﬁ§6ﬂ %Bin%@esgédbl%ﬁulm b HoBdl By ﬂi@Sﬁos@ e&xRIdn. Typically, the first zone,
Typi cal Iy, first zone, just inside the entrance

just mside b mmnw tsrsuaplh@lr\jéh ad@rgbtemumbenwﬁmfm-reédﬂi\] Rmps than the next 2

o R b 5 R R s SR FRL S O vl

42ﬁ@pf00450‘°@t elThis fedfferdtre4i80feld ToY thet RIXp GERt 20nes itS shfbilﬂze the wafers’
for the next few zones to stabilize the wafers' 20

temperapere nd riastan gomplate bumots|adtadl prgaric sempgnenys jof the silver paste. The
goa? (59 e %F? %(zr} g(grﬁcsrtgtg n\?helhz{ﬁ%/vl C(?rﬁg‘ 8 cgleoontqg? dér§tood to increase
corftat bég[ktdn‘ée understood to increase contact resistance.

Fast firing generally gives optimumresults becaua )

t heF astpiingt geasrally ghvs PSRRI ir‘?ﬁ?ltﬁ Becaysg thesmpupitigs fp@ot have time to
difff [Tl Il M LS {hleoe'r%ng!r:]xg ;& 1512%1 fat® E)f]ﬁhﬁ%% .Iallgegs tﬁ &iva (Zn %:%?%y for the impurities

to dillﬁiﬁl@e ihe tlﬁ@@@}d:d$1 eﬂﬁttélt Rigioneig gaﬂenaﬁy mﬁrmhﬂl yhdt cﬁmexmtermg the silver
than that for sintering the silver particle w .
parfelgs.e i@ qqipp@/ehthghhlgh rﬁrﬁ’@ Tofes dhe pRiers gpter & bégh gﬁ-natepﬁla spike” zone
L Qlifitot 1€ rHRESTF00 - 950°C, and then cooled,
Wh%;lsr%g&'gﬁér et¥1:|n é‘gﬁ‘%l& @R% Sed into t ég@r ange of 700 - e el eo0te
by 95@6etyantimtaen uaiiothe dvafeﬂsyexa thalfmmagc ofThareafiss ar.mllcptl held at the peak
the wafers exi

temperatye. p%%ql@er, tﬂté‘?r@@?‘ étgas%%]@h emV%?%% ’p@ﬁ{( S\qu%f ﬂwel short while the
short, while the
asc %(HH%%écﬁg?s%ﬂé%}atee%%oﬂl%dﬁog? tgg%\fopes shoul d be
st eHpweliaway the, cuinant $tate ofi tiieeft flsnmearrotﬂleseh@esmrﬁm argard met. Rather,
rt. these desi derat.a ar not met t her
the e PR SPINE 0116 ST Ay o the Byt gphs i U Tamps are arrayed

acrb Qe WHEL hindpBrd l?é'fipfboﬁf Sbel AEBLloRGhO eIt tdng i b§port system. As a
transport bel tp bot h above and below the belt and its

resslihe phrrs[ysm'temffeﬁsg,fram hghdy linefficinet wsarof ¢ 1R lamps thatdyest the wafers in
fromhighly inefficient use of the IR |anps that heat
the wafers in 3 3
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WD 2008/ 002904 PCT/ US2007/ 072096 the vari ous
processi ng zones, and an excess dwell|l characterized by
wa2bsoedopeak and shallow rate slopes tenper aRCr/Es2007/072096
. S r n
e SHEYE, bR G, o4 SO IR B G HEB588K and hiow

ratet oz derhpek LS a&c@ﬁdhé gpike @dnet Copeitht aradlable F@rnhéesta@able to generate
i nce the peak te ature nust approach

pi ke one. er
in @emge ?fhgma Bhep 5R/31P9L56|08r$ geong fratejof dempegturg gise in the spike
zonggﬁik?gﬁ bﬁéﬂg ys? lltuFd'i/‘\qﬁ%Qtoe{ g(lfa%%:lgOtbﬁ“é@J ??utlre!}l?l\y aR)ah?Dle rate of rise at
the consdm rbnegyee ttanspoet rdisakduinsake sjike noeadtbephysiesideoniSince the belt

al so too | ong. Thg}@shal | ow curve/ broad peak
MOYi 4t 4 CPRYANY sPeedp ridie deellnek pheyresmt B&OC%iﬁ?sfléﬁlswoo long.

avaiha £ t

o ilolifid UASHRRASLSHLEL LR ALETHALO Uty ot
furnaced has debteriefif effee@noy the niadll mm;actsThﬁtlfermpt susfiacd asdﬁch significantly

ast e |cal onsi s four phases: 10 (1
i ol PR e e o Al 08 BhE Slver pasfe BBRAR gonssed offour phases:
powder s @5‘9 VEIHBE'pTlB& @ﬁlcﬁ %t@ta]k h arrRPEF 8 Sovd¥s and con51sts of volatile
non-vol atil e pol yners; e solvents evaporate durin
t hesotirepisragd sioeqyolatide pdlgpmepothg selventaceapoeare dering thei drgmg step and the
urn-out step;, bath steps occur before the ual
b ThHAEH foFicEa dRBpE AR opf He Xk A6 Py BRlcE the actual peak
I eSdofe Einfg@lepss frit) which holds the paste to the 15
substrate, dissolves the netal powder and provi des
adhesi o2 @ blh@ersmh&gQ ((enganid uesingndf glagsnigit) m)chaholds the paste to the
;Egc ar,e‘g | dl \fes t E&J&lgll i)(g\p/ aggr#dlcg%g@eg aatghgsrlc(flh‘fo the. substrate during
nndmﬁugrs (such as flux) which are small anmounts of
additives proprietary to 20 the paste manufacture but
whi ch i rféhétfumqﬁ@nalem@m cuetelisrpasticley bai are eitberishiaped as small spheres
flﬂhgg zgalvent is evaporated conpletely in the
dryer pr|o O firing. The resins nust then be burned
out conpUphridifidro (fck e fluxrahkbnré s@all atloanfsesfiadditives proprietary to
the electrical quality of the netal con- tacts. This

i s the BpseBanyfpgiirrcbut edch pasiohe roggired, @ef@almipﬁleursgi in firing.
The?s?)?&Ieh fé%%ﬁéoq?treh G #)ﬂ:témﬁl {h% rnd_%fég gan % Q?es%sa}ﬁﬁst tl%en be burned

ture I'S aspec
out tcbmpmteﬂp s $redzeme¢mﬂsorof1012151ntelnfermg) I‘mﬂsilhé Iedmtmfal qtmhtg lof'ske metal con-
frit andltsgas tronS|t| t enper at ur e, :
tactyyfhipisiachigied ’ﬁ‘ﬁB’P toARL i Av bR Eerpper e ‘F‘F‘itlpu%ﬁ tﬁéz:_se in the firing

proéetss Qhec‘ Efﬁéél %ﬁ bteEfgl(s)gé kn‘é?tr T\}ﬁrt%ﬂﬁxﬁlﬂ%ﬁxre Igth‘fs ?glp@cttéfﬂhg BMCXSS depends on

ar ound C, at l'ass
the tasrapessmomasfsthé ghm ﬁntsanﬂ iitd ,glaamﬁanﬂnmmrsteaipemara,r”ég Leadboeide is an 1mpor-

tantwa&tgg@tgg T R S ﬂ%gr%tt%&calpy around 350°C

6§0°@t SrwhieQ aldBlssthendldiel fRRAL bhis6lid ub Qi B one that is more
| ower resistance conductor. 30 It I's inportant to
fluid @od reph ifoiw. t Aemperatyueninethg iredesy cowinus dv eisalto (78O RsIS0°C range to

. First, the frit . t. f

sty gD uBE e b Bl PR R n B ot fike PORITON den
andt i phiNant (e gempliBe 188 fsegilehve gfickly el s@Rrall @aoRY. First, the frit
bl ocki ng nore of thé cell surface fromincident solar

glass antistindtotnw Secwndi, ptherwise gheasssecnrpirintesheuagt Hoes wilkwiden and thereby

articl.es .an t.exten
redfbpi G ey EilonB ek, 20 RRE e e ShE Yarspfe, PR incident sotar
radifi®}a! B¥sondly, tIef ikl fit RO rdk nﬂ&d&let}ﬁﬂfehsﬂvér particles to any great extent

since this will increase series resistance of the contacts. Finally, all of this material must etch
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WD 2008/ 002904 PCT/ US2007/ 072096 through the Si NX
anti-reflective (ARC) coating (about 0.15 mcroneters
WO poosled9Bhess or 1/4 of the 0.6 mcroneter taPQEUS2007/072096

wavel enagth f.or.refl QN _m ni g zati . but not. .. .
Qi e Pl AR o R G4 bl Rin gickness or 4 ofhe
0.6 SilkdobRier tABEI wa Rt kdfldcAbiBanidizdiea) But dddSbMimuefto drive through

phosphorus onto the top surface of the

-type
the $shallowr, depadt Siegmsittar ygle megvaoysly ormed dbyoths %ﬁ%@ai@héf ghesphorus onto

e 1 B DER o B SsRA M T BP0 BT el i ks
but 8hAldve@Rftkrs 4rb erfdrallyeih (AAISY 156 2KiRAGH&E: faagdh qui ckly
and thoroughl Quenchi ng}; that is, preventin

di Tlusi dn emohehe gtolerdeptis tthe | dater mrestt bre GpRGhiednboth quickly and
thorg)t%l ﬁl‘f/"n éjt{éﬁcehelg%ttflﬁri%,So&&femi{‘]ggdi%ﬂigﬁh%lfltﬂet5213 ra%]r{iaés into %he silicon below

coati'ng and® creating go esion o
the ehétter gfoamengd @gﬁth@ité‘sb bfteranclandbie R eoatingind leeeating good adhesion of the
acconplished by rapid cooling. This is ¢ritical. If

glagstie the sdicopeubdfrateanutids sreepmplished Wheapybseeling: This is critical. If the
L emtter |ayer. .t ' i on:.d I o i .

BB ] BESHOES) R 0Pl OESRHLL e st i
the @kl dtibdes Réfidiercgr dueh® £lkat cirosit pathdioe el elEbirens prodhisd. This is also

known as a | ow shunt resi st agce Property of the cell.
knomyp asjajophuptggsistancsproperty of the el vital 1'y necessary to

S| O, '@RY idr ) i R150" @ @9inphASRler t 1

toqgwﬁ?g@gﬁégﬂgg?g%#%¥§Qgﬁn¥ggg?ﬁg$?£?ﬁghﬁgolingngdrveer()mnma
the | ghask phhiek® infyireve adhesion. Takeanopether, filrcooodling queaklooks like this: rapid

firing tenperature to about 70QC, sl ow cool i .
coofipg T5R GBS IRSE (IO SERCTAYHE Oy PH%B%’ithﬁn sgcpglipe for annealing

' EORGRr 8 efit HRMRARBE W £1 ture 1 h

purgﬁs‘g&‘é’(ﬁé@{agﬁcg%&%hfg%éf: teago‘%g ?%%o{ i cg équi pmgnt ot haejtn%rglrjegltlre oW enotie
to Hedmeadled bp ecbaties equipmiutrthatupsst have jubberized surtfosraups i lift the wafers off

t he.novi ng conyeyor w t hout rring the surface. Since
thef‘?%’l“ég %‘%ﬁqrﬁ%‘ X‘BW&F‘%&B"’F EIE'f%ﬁn'p cost constraints,
' ncgﬁgf {Hagk A @MPmERNSal ¥nd IR 1 codf ciRirkts diteedsthgl@hp density in the
general |y a feasible solution. In addition, the peak
spiteenperianatrgenérsllnelfenstn¢ solation. In afldifioscthe peak femperpsure is held only for

a feg)glseg:ﬁg Q_ﬁ%@%{‘pﬁl@%%&q%ﬁﬁ ﬁg%ésg%qiqlg@%}] %%og{lé hgedg % gé slrla?p. Increasing

lamd @Akity 68N MgHiGldatB corhRepedduttve, limtHab fife ihbreased density easily results
I'ncreased density easily results in a nore gradual

in s e eclsak dophdle &1 Ksciefloetias offthe: Pidefuend e nteral surfaces of the
dnternal surfaces of the spike zone. 25 Likew se,

sPik§tEasi ng the power to the lanps is not currently
f eapikeivisebRGRUSIAg McOhBTer @dithe 1ptibs Batdt caseiltly feasible because higher out-
overheating of the |amp elepents, particularly th

putesen desyd inysrhegting plethe 1ampR elentants Radisuiarly the, %tﬁweﬁa‘tﬂf? tubes. Most

ont rol ' R i de: .
GRS S IR I, Y P60 S bty i, n e rer
of adpaapmt, daamemp Mbae atljaeeritHempocWhpl és tetmeatouples detect temperatures

tenperat ures approaching 900C, the utomat i cal | y cut
aPRIGRIRIEF X REOTAHEAD oo AR oatRr 1o T ATt A SGWR In lower power
derif] dﬁﬂﬁ%és%n tﬁéqﬁ%gﬁ“ac‘l Juftpult B8 HRPECTAR erfddiBhY gh@flcel DeowdR energy output),
rTa¥r’p enT ssi ons ence a | ower energy output), and
and esults is thénédvetorsted dbonshovoreywr hditespead) vieysorlowimigtprocessing. In turn,

his RSgy g s R i B Erteropi s NGB s FenpREhd Sowing in one

zor%eéfl(gwé. the ‘B@F fd DY MR s A ha R sOBertdnRBEbe BAREInSNIWRed Bompensate. In
elt 1n all zones, so that” adjustnents nust be nade in

tural dowiap epstraant ongenssaean zones affacts, the fong agne siverkegting pf lamps, e.g.,
downstream zones affects the firing zone. Overheating
of lanps, e.g., 5 5
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delay or failure, can cause the |lanps to deform sag
waeasevdmu ual ly fail. This deformati on al so aP¢BUSR07/072096

uniformty of | R ou el iver t oduct. I .
cue'® RTIbYP el R, LB Lot IF BBl Sh, b gvenmaty it
Thif defoasgtionid ATeehifeial bl R oufpuddelivefedas eheqed@iti ons

operate in an air atnosphere, the atnosphere nust be

r el Fat§ papaptant thap Hier asmogrhesmbe pemioligd s thenfupnaeg) While many metalliza-
.1 e ' 1.n [T Latr.od ' .
o WGP eyl DA™ A E Wb 0RCIRE AAGLISHLANEF oo vl
contrall&dl bedh Geniganotingdithally tixdulen Ay dlicodilhg tafradad inttediee Sparticulates that
because they are sqQ very thin, Itim%ht and fragile

congpaingie ghe sHbstgic ertages, 1Bd intesmrd turhuingenspe: rdés%wbi thg, prpgct substrate
di.tj ' t i nal.: tu

oL 8, DL PRI S SIS o 150 - 250

mick@hétersethiak; Th neiditRing tae ritighp temeedatared, ou¢rpalt turhilence could cause lamp

. Accordingly, there is an unnmet need in the IR furnace
vibiaiign AP fRNEHE Seibys o8 mcopystert YpdUceAMPYL i npr ove
net Y [ . t4
or AT QLT BRER bR bl 1 RYER AODR, AT A process art 1o
sigrificdoely Zopegvetret pifedtive heatgrasdoCanmivetional lampsn@cgrovide better control
t erature an at nrosphere conditionsg, to i ove
B B B G AR PR g ol e tomperare an
atmBSPHeR! EBrldition®f tohﬁ%&ode%u%%ﬁ?ﬁ’g?%c?ﬁﬂﬁﬁingﬁﬂ%ﬁi& oRIpRYR: the uniformity
t hr oughput of such furhaces, while acconpli shi ng these
of hest igdaingcoronehend dorenpnove duoaghguf off sugle &arhanss.-whileaccomplishing these
THE I NVENTION, S ry: .The .ipvention is directed to a
goa@o‘?‘\'\/tg%?m%i’r ’i?g’t‘iﬁﬁ%ﬁée foRPtFhace having a plurality
of thermal heating zones., including at |east one
spi ke zone, in which IRTI*E%JNN&%T nts are 20
Suﬂl&% ted and air or inert gas cooled, resulting in
effectively doubling the heating rate and furnace
pr otles fivagtidrhisaligdoedt to af canrepromdadt-type AR hirmswe havisg a plurality of
silicon, selenium .. germani um or .gal [ i um bﬁSES[&s]gl al "
thera]| hegirg ZenesTiREIIGiNE At 1B S SPIRA EPHted WMCN profelipe clements are
isol%&ﬁtc?ﬁg lLirF stddpled! Rad (Lo id SRIAVEY d%ﬁi)lﬁgﬁh@ lhkating rate and furnace
production, and the nmethods”of firing to achieve . .
procesping \tduglifiit of edeancedmateriaksl fuchass sdicopsselanieh, g@manium or gallium-
bqitter @ont ol of process operations characterized by
basgd, sqlar ¢e Pt ure ascending and descend ing
t enpgd ?Fvlé?t?orpélﬁd’ GRlude® ralal PPOREP cRRAK s?sﬂéin@ f1f2¢ 1628 to improved solar cell
0 n e

contro guenching a anneal i ng nmper at ure
propuaion| esd thiEheethngy ol Bdng emachi¢veoimprneed; effieisneiopplar cells as a result of

ext end hr oughout 't he burn-out, Ik yench .
ber AR SO o Bod e g SBF BonBLERERscending and descend-
ing! {¥RIpRM@Ete CAINGS tvebyP rsﬂiﬁiai Pdak  an® rieise Ofbrdol fdfie@eRing and annealing
out -gassi ng, control of the etch depth and inproved
termpdraewe guofilas Thet imprevedaepritiph 0b el invemticn exieydsghreugheput the burn-out,

.out put . The inventj [ 1.on ' :
ot BV DA AR G AL TS oot formacin,
redB&MWINNEF 1y dR)géh dut-b¥ssig, E@ftiotof die c@tipd@il andanproged adhesion, as well as

paral | el channels, centered in each of which is one

imppvedorEcierey efrgstloptputhe channel s are covered with an

IR . M SSi . W . .
SR DTS, PRy AR s v on

mo@hleIBwingy® pluality of reflector elements having parallel channels, centered in each of

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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WO 2008/ 002904 PCT/ US2007/ 072096 thetic sapphire, and
the like. The heating nodul es are di sposed facing each
woelsnozmnl spaced apart, one above the furnackCT/US2007/072096

conveyor b e bel.ow, to define th r.oduc
thefs SEBLET i A SRer D eputevinon et ain Bpashl FHSY fgother and spaced
apaf &e%%bé i fAtdacs &?{ﬁ/@%ﬁoeﬂra%d'o%@ lhafo®dto ddFhe the product processing zone
IR-isolation of the |anps prevents adjacent |anps from

thelhdatwa'eg fecae hathribe laniseind Soelingwiethannely ercaselaigd. r ange

P e B ton (s JERET pra@iie et apbs iR Garing eggh other. he
chahR@Y Ha0é M RAAS i Bhgdd Pt RERNRLLoMEXREMEBRIes, TR AIquare, rectangular,

el l'ipsoidal fornms. The channel geonetry is selected to
triangulare semheirquiary paiabelic, enchey ferowapidial Rentagangl Jrexagonal, octagonal or

e TS B G5 KB bR AR, peray coward e
pro&RANRLLSIR theORRAARL cdnieydr Bupaathee tlﬁmdﬁeaﬁmg Adjdceht lamps by direct
or/and exhaust of cooling gas flow Cooling gas is

radiafio.oduced at | east at one end of each channel via a

fol.d nd is ust ed at
moatts #5pnftS o Sasrral B! EhoBlc, G B LRt Shnd Hspast of cooling gas
flowe.0080lir0bat isointrgeeat dtYledt at e iondedft ¢a‘tﬁ dheﬂxﬁdl nga a mamfold and is
nmodul e permts increasing the power to the lamp to
eXhé@%@fﬁtlﬂéﬂ otherrapd, Orrlﬁ?qhﬁ]ép’ Oﬁ“lh%n esults in 15 increase
h g
200@ g ec?ﬁl%ﬁ 3 I}{/%oqm?&) | ve Hé) ggol%tﬁ)glcg@kﬁg et;}ﬁ 8g?f?é'ltmventlve heating

moddé @eﬂﬁlt@@xﬁwmtngorlﬁl pdk@é} mathte/ lampcfib bzl iy fdhlomtmg This results in
resulting in lanp turn

incigaseotnie | tmg stk d@ Ty @bowthlﬁq ﬁzﬂéﬁt“? %ow&? C&se-athppls: effectively
dout%%:ﬁé ﬁg@ Re?aal Fodlf r&%ﬁﬁ?ﬁlgﬁﬁ ﬁdgg‘ﬁ%?ﬂ\g% P{I/rllﬂe%e\kffth%g Qﬁlﬁ%’m lamp turn
dovex astipt downlqt, daﬂmma&ma clwr ackhhdny thy anveabie lamnue(ymon system' permits
furnaces opera at conve spe 0.ab
increGng e FOPUSY o el SRR THE A OL R A PRAGPLeoHeld. By way of
E@hRydofurdey loperate at ds of
examé ?) m hﬁ){}{e&&é Cgﬂéﬁﬂly Ia?eﬁ%:a'lfogeased ?at (;l r| s at pgr& ekg (z:%nrygyor Spees 0
abaope aK0’Vmimue, ahel inyentivet ]imatlngn@eleot isoBOOC suoan palhite deehling the rate to
currently avail abl e conve rnaces cl ai
b AP ARE. T BB mairauhd e T I 7055 R b Bupe, jn, the range of
90@b Digl. POMELL sgﬁ@%hFdntlyT%ﬂbB‘l% RBh{a¢Br BRNNMRY ClairhUs BaoPerable at up to
onprises a housing or shell formng a chanber 25
abqungﬁﬂ)”amad theiytdaneasoperate fﬁrh%h pasyarglepdityi nsul ati on such
ber, f.i ber board re brick trye.
heat 15 gHTRILF deay e, Mres; hTedt v AT b Sl fotfiing o chamber

mshla&ul Wwite Qosh@ktibnal AoBR be Yuldtieh tsutls as Ifvest fsbr bﬁhﬂﬂ?em fire brick. The
upper and | ower heating nodul es, and appropriate

1nvpmw®rh®hn|g owduled) is/gxpstignpsechpithinihe @p@({ ansuiated shell. A conveyor belt is
10°ﬁt§§ ;bfg te]? {gnl?pe%r rh]agxd §Hv\%;§ ;}g?ﬁfﬁ ﬁ‘[&dﬁﬁ? ?Mcf‘ %‘qiﬁghacftetgb%ver and control

syseay3die ﬂﬁeg'fﬁfeﬁ lih SHeSfufilabs bysdn® STHeepag: Hetwmﬁ thd iisddves it ke passageway
30 processi

zone; the exenplary processi ng
forcibe ey eYDIhbAE CATTF S CHE oAy aBLeda i R sEslat e Rt fired. This is the
it shoul i k
procsss%ﬂgl zo?g ntgg eyéﬁﬁﬁ{nﬁl é)(}?(%sglﬁ Eor?ecdgﬁ&%l%% h%%eu?%uéé?ﬁl\?sz:ﬁtd{g\?)é e zone.
I SOHakicosr, {tahpuld s entdrytood-drat a phlrailty lo€ zorals, uh fof allsiamgs, of the furnace

(phosphorus or boraon) . and/ or a ther I
cart GDIDY A 113 6R 1Yo BRSL AP oA o1 e i AL (T usioR {phosphorus or

borloﬂ}/ GR/bY B ]gdf ?ﬁ%m?la&fidaqtﬁinkﬁr 4oRe s&%e qﬁs§1%ﬁ>h%pﬂbatldh§ the inventive

rance urnace and the p ural i ty of zones can
fas¥ramp spike zone can be located at the entrance of the furnace and the plurality of zones can
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the diffusion tenperature or oxidation tenperature as
w0 b@snafoes s are conveyed through the furnace. PGREUB201/072096

ener fromt er and/or | r i-pf.ra- I S_J
be 53 8L g P PR AP AR, [ihecdirey B vaters ar
conpéwilen@aby teffurmchi ned or cast ceranic material,

thro%gh the front 5 facing transm ssive plates )

(Wi Rerbow ) engray frﬁllnothpﬁtppﬁrr apder lqygeétlpﬁ@-r@qj Ep,%q»s is focused by reflective

I ti - , i:ae

bac%%&%%ﬁ&ré@%&&@b htéez rQ!%lg %g?%d\?lﬁl g& 8£ %éﬁ glerlﬁlxﬁ%cerﬁétghgl, through the front
facing atanmgiseive iplaes (winddws) Hnd intovihe pirocesssipdakiag zamel Wirblighout the entire

general |y operate in the range of 700C to 1000C. La , )
ProgRsierne yp-aelSIbe Bhushaly/SOB 2apr) & Bevidedeysah H&?&S@%&tmg environ-
mefl! TheindEAHRTOIR BAE WY EendPAIBARFard RIMETANILE 700 ]eHoCMH00°C.

control 1n each zone. Tenperature control” may be

ef flemhe gpowsi, gp add beitdoing may Her adpesvedoindepraslently or in groups to achieve

tenperature regul ation or voltage-controlled wer .
Prefigs IR e a:zé%ama&qngﬁl Hyeawgﬂpa%:feéwmﬁ Y feseffected using
eithRf etﬁgl‘h{o%gu%l?g)ﬁ%etdh géél}fﬁ?ezat{lge r Lﬁﬂltﬁstﬁ)gt oP &Rt c51’ﬂfoql%daﬁsl\%/er regulation.

nore consi g res ue to I nt enance o
RegilAdheby asimgeasatrollahgowapsairafekred, adefgivasbthe, fagted heating rates and
constant spectral output at all ti meg. aH]a is in d bl
MOKCoFRNSEEINE theang, Ceds i g CaBMIBPHLLS St Ei'l‘?%l?@@’ef’oan repeatable,
deffnhbleC AR COhstaY ShEHa? Jout iR tat AMCik¥P! ahi ¥ HSE6htEaRt t@Muctuating lamp
tenperature mai nten- 15 ance functionality. In an
outpurp @i teapdnsase@UD cofitre!sgstemy that ang typlvellp nersbiwsfopfemypeeature mainten-
i nventiqn includes operation- ally configuring the
ancﬁg l,on?g%'l ing systenms (cooling air flow rate, anount

andyf | O RAMaRBaspBR b the Rive XS 8IS oRRE dFRiceinSdntAdncludes operation-
belt speed, not only to control zones separately from

allyeemifigutihg the paver, edoding tswstewn{gaoling @it avetaie. amanps and Jow paths, and

chi,eve a wide ran f thernsl of |
heaf%l Sﬁﬂ]ap%%p?{g@ﬁ;rsé émg;%slg épﬁe en%ngfloa{oé{rgf?%oggg ge;%a]r%t\el\lly from each other,
butPAdd ol dImBUD R d D anjy, ik biéhi@enesviderapgodfithersall pofiles longitudinally
cells with significantly inproved performnce

an .
aloag fliccinetevinls procese flowaath threughept ter@riodhaEs to P&Adua% solar cells with
. L feat t hat it [ f ial IR
sigh %gtgtlyall?r%s&geﬁz)g %%H%rf’c%raﬁh LrRGlcRk! on of commercia

I maxi mum per m ssi bl e power

| evehs, invkitheUireiesdti Bapeanprovidendecat fenwsesbelywndemiie operation of
safe operating tenperature at which ,H1e uartz. | an{g hing |
coramgesial JB Jarppgptrpringar their eAx{BRN NeFRIss] g elrg,e’vegsa&n Ay pushing lamp

t ly fajl: J .
terf B byt 3 ot S Sinp BHAE af AR Blq QERZRALY envelopes begin to
soffinglbse EQIRY, Hpaimd @f crenalydiuildi rected into the process

719n&he 3f1ovine chie] EGPTSBEOBLOV A SE S PP B i 1 Finps into a high
pr e¥§\%r bAIPSS %l{e?@(: ?ﬁ@&éd‘ﬁl‘t@ﬁie%gwss L& supior usable power density

confining and ing the IR radiation toward the
pr ogeths pzaxRss zodg; The refl ector is disposed, in
conjunction V\ﬂ)t h the transm.ssive f

i

ront. Wi ndow and the.
R The apients Brehsiveen s aransnnglS ptypRratah 1M GRSipk Miacent lamps
€00 REGRAGRCH FIRURGH Bl o w88 EHelprodbs kdir; | anp
tholrcglﬂ%rﬁ I C coogi ng aia_r/gla_ls S pasgbed. The )
chnfihe atflastorof dispéﬂeécmgrongmgﬁ@n Whéhgtrgmﬁ@mwwﬁjggpt window and the IR
Pr o‘flleagu%?g e érlngrllteto Ic%e%lteaattrlxdo cli]eﬁfnléna%t 4nd 'c!)é‘l'ant]ﬁassa%e surrounding 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)
WG 2panexonpn of the cool ant air flow fromthe mTXUez;)Q7/072096
zone so.the ver ra vvafe are nqQ
IR GlaFoR oA OBl indh Bl RmELAE Py of thercoplant air flow
frorft 'ﬁ@@ﬂt‘o@@é@tmng Q0 eNgbrAllighd %@ﬁe Maferd hieGiol %ﬁtﬁrﬁ&i"b? Bﬁlerwme turbulent
end of the lanp tube to the other end. In a second
alrﬂfb\ef erred enbodl ment, the cool [ ng air is fed froma

ut| ni f ol t hr ou | et eni ngs t agh
enangritsatiodiagh Suling i@ ins Br s BRE PRplbs it e to tre
oth&ehauita éék:é\nd PR8It &) ethBs@nest, fe OblIMEAF isfae ﬁfb@ﬂt @fstrffution manifold
the refl ector passage. Typi cal | y the cooling air is

thraugh nmatmmge o o Sl o donpiness s ahalomp (0 an exhaust v
holea(g)d o&la eg (gr %glaﬁ o f ng%gtllhf' Sr%ﬁécﬁgll Egs\é%éleg T)ﬁ)tléallgr b dcoollng air is
intrb@uckd & th@'l’@m@ REds ﬂbﬁh d fdrgpressRd Iafr@bdl%etslmah a@@lttbﬁipfess@n#stem having
channel the air until it is introduced into the
aﬁ]é@r@lrlﬁldglebassages around the lanps. The nanifolds are
gtl} "‘6)8%/ 8gg é%g)é?a |¥ 1Htrt)cﬂ}cg& ltrc?ﬂte%ﬁp %ﬁﬁ; L/% 8fe9 tmanlfolds that contain

gases evenly

ands&féﬁnélat'l‘f@sau\/\hhtﬂeltot‘é eihﬁrb'&lﬁie&hﬁ@) ﬂkh@foﬁng Bﬁ@sagé)s) hrdmgdgas lamps. The
or air exits the cooling channels thr ough central

marefqt@m@ tmo;aélsz egpipppd thath iptermerlipty bafiles ko (st Utﬁrths 6Pl gases evenly
t pr oxi matel y along
o avﬂlg Earr\élg g ﬁﬁﬁv&) ; ‘g@% (2\{ Fsuqugmge éj[héelgzone The cooling
gasme, cd@Mn@ Qu¢ hradir; exiBythdeodiiok lchaineth throtigk xérats erlhusolioles or slots in
be recycl ed_by mani fol ds or channels into

the é’@ﬂ‘eﬁoﬁ 6h b@“@ﬁl) i @efreﬂm@ethats% hocgted apgroxdng %‘Ong the process flow

cen%ﬁ%e?tiﬂlgg . %‘é%t)?ﬁ[f%ge{s'ep% LRy hov RBG S BNBEEY and exhausted or they
recapture y recyc ck upstream to”t he burn-

mayg ba &;cy@led bysmnkﬁaldsmn ehamerpanionghafzopesoafitbe fltr;lacs’l, swhreg for example:

prefqe?ﬁ%gg &))gc}'démg g{tgrgrg; thg ffﬂ%\sgps :etgclﬁég ['r%:ag%tfeg% fe(gg?lg g’?&lﬁgpﬁh}%% to the burn-

out!Z%e; #(Q RE %n iRk cﬁﬁfré&m@ﬁayts'ftﬁvmg R 888lingAke8 of sensitive and
recycl e t he eat ed cooling gaS permts nore
fragifefratimals; orsfer mmp@mn@ylngmgmtelsmime oo @?@hbaﬂ@tﬂs hin other parts of the
t he nter de n the spike. zone
ProgfanCHBtEeBBERY TICGIEE FORIRE FRGEBTE T e SRR RG! SHSTEY
i's, 7§ 'E:&Ytﬁﬂtthé‘&cﬁl ldE el Sine Rinddr deb@o?éd ahe BFiké ZehemubtBeqquenched both
the silicon below the emtter ormng crystallites

quickly end ¢harbaghdy .t Q@temhmgg shdt iy paew@n‘@mgaéuf USigngY dlae sibver p?irtwles into the
mh%@lhlg%g% q(:) Fe@hge:g ( I%?r?gpﬁt:rgst%@%s? ﬁl& 135 l?l?et Agﬁtrclze anﬁgsc‘lhd creating good

adﬂeglohh)? tﬁé bMSS tHtHeViifconORIbSIERE, mﬁit%etdéeoﬂpﬂﬁﬂd?dy rapid cooling. This is
ter layer, the junction is shorted. The result is

crlttdahtlf thessileet drivies swedeepfintp dhedueddi emitterdaysrdhe junctieniy shorted. The

e L1 5GP R gl RO s, i

is al OU@BHIN\S adywishintaedstpicerssertytdfitite gpllenchi ng i s
acconpl i shed in a quench zone 30 characterize Qy
uselrothednvestive jeristem anduneass thisAueneuag apepmplighed in a > quench zone
contrall 1RH d
cha&aclj[eggteg é)?lgpg t?lggé Bf %rg ggn i ass}éﬁtb t b rﬁsgbfafé I1‘595‘@0 fo : ocompresse air
volOhieS kfith plinep of hie dirterap er tht wwpearfdr Grrth¢ bettqne ak thEoMCr to quickly drop the

tempUOLIE from e geeh £na Wtk EGERUHe FABmOLEoN b S0 Aot about 1000°C,
to \ngﬁnﬁg Q% \?\g%ﬁoé Ghotlf 560 @f 10209 °€, typft@fly & dtbp BE POEC — 400 °C within a

second or two.
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WD 2008/ 002904 PCT/ US2007/ 072096 In addition, it is
also vitally necessary to slow or stop the rapid
W@wls/lomgM hat is produced in the quench zone PCI/TS1@T/072096

nneal the ass phase to i mrove adh S|on is .
acc diiHe df 15 gko IHASHPEGERSHY togg%(lorﬁo&& aEPé’ﬁ@: ﬁO‘QH}gethat is produced
in thmﬁéi'{cﬁtz@hé/ inf @hbWianged AR @&E%%Qsezt%riﬁl roMai a3 h&98E ThlS is accomplished
includes a i mted nunber of |anps, typlcally onl
in abweortdh,enmtsmqlfeacle zofie tilmeeditady Solldwing nthy cﬂlea&s @one. This zone

inclliy BT FEBper < dbnpn Pt By 35 i ask fir afgovaters, but may

alsd Hkﬁ;d%hﬁnﬁéﬂasw%e dafer§ The AR o@tl%;‘%e 1d388s 5 W¥he rapid cooling, stabilizes
tenpering cooling can be provided in the subsequent,

thedemmsnaweemmtartheaamgwgofzéﬁb €rofP@Bouo %hBOsIow, tF0peridg coohng can be

ture in the.ran f fr.om )
profflf it PheliuotoBE o B il Bl BRe Hort 50 AREHE 70 C down 0 @
terrfp@ﬂtttﬂé af leabhge ofqﬁﬁh &Lt 30PCI-S1 00T 2 ehecagt éﬂ’c‘ltdfthé"ftﬁrnace Optionally,

uench zone to i ove control of the 10
andt Ciml woelipg efri 11sentrd$med |1r§o this stop-quepelt gaif tor gnprove control of the

temlpF L}rrg lpg%ij]e] oﬁ@g (1ﬁ| nﬁ]é a}%{pg&%rﬂ 39€ ggtr%stﬁ%tﬁgo }q%prfl? Ard iamps so that there is

litt D HOCoJOBEE dvBrshbbty PolBRNAI B hboaharBiek! (akirid generally shaped like the
mat hemat i cal square-root operation synbol, in the

mathametidal reguaterreot dffeeatiopsyinbobfV ) inghe @mtqabng Z‘arte ffhﬁpesult of the control

d the th h
of BRPayTEER 1157 A 2RE0e Ating ol CSUERURSG Thaaarp escending

and%ds@erﬁﬂ?é beaRlith ?ﬂ%@k SRRt d CiMA6eh (cliARSkdrsRIdnl ME® thd 8nnealing zone
anneal i ng zone 15 downstream of the stop-quench zone.
dovwmaeavafOéthetSéQmemfamhuzenq s held for tenpering to inpr ove

SO ERL OB RS PP 9B RS Ta05E dRSufih nd Dcaing sone
and]i{eggﬂeféxﬁ%éﬂx/bfe?@&@kb@led Pireee ES 0P the drdlof BEFTL-i109°C to permit robotic
equi pnment or personnel to renove the wafers fromthe
pickeneepther bandlingequipatent popgrs@ng! eaieione thayyateapfram; the conveyor belt
he fer n
andlt il e B L RO Ay g Bl P LKA

confaiehl tﬁgeth& ﬂ{éyccﬁ)ﬁhgik @ﬂd)eC@ilﬂefufly @Uﬁtﬁcﬂled to any selected and con-
tenperature praofile of a subject process having, bot
figpredtermperaibee podlg plge Sthiord Prodesy haing Bpfgeneating ﬁ%ﬁ%ﬂ&m& curves in the
rangg offr&%. a%gﬁthg? o?;e 0. 2?)%68 E)gr seggﬁd rﬁl%%du'l &REbIed &ﬁges in the firing and
urves in ownstr eam es gener al
dowmdigai 20Bed @elﬁaralryamold likeahisneapicdheatinbao @, shagd, lwell deﬁned short dwell

def i ned, short dwel | eak, rapid cooling fr o
peakerapid Foqling frammpihe nealr idring ety About @%’o@ bgﬁgv@? down to about
400 ¢ a%HaSC 2Rerf ggw(eoolu?% g; %‘Hﬁg? F}Yds@@%hd galf &)rohn% to allow the wafer

anneal I ng purposes to al
to anatf the furhmce@x atterhperafury lm&cemoagh 80 éhpla(}(h"ﬂ) te bb benddedbig hobotic equip-

mepbige SPGB IcHO8 GO BT IS Vel pi e Fao R Epveyor with-ou
maﬁ&% thﬁ SurfRY! Pk %@ééq{f tH\é 8199 pealBEhpdtStutd) ehat lt'd ftl&cﬁlarpness of the

ortness of the at peak tenperature,
peaikaa,roﬁ]laecemﬁmrq@nesﬁecbzindt ik madp paksilde bf |t111€eab1hfa(rt0 bentrol the cooling, as well

ntrol l ed and,i Slb
a5 ST TG B R PR i Povsts RUn TR [apsn i Brakpone and the
coothlﬁg iRelotwrRERE zohdle pE@M’ﬁfarlSIintHéi lquérdHadnd AGPGuétht Bes as described
peak zone and the cooling in downstream zones,
abqyar flhe uhwentiye farnage sqstemchorﬁwéllerstlwm@ﬁ@mhie Aohel zenes as needed to

Pro R PP gt ap s aop shotsh it BARRCo e, |

Pr oYihe Eindertfve - IR hegirpd zoeey) Mdlard chiratterifadl a having a high reflectance
particul ar product being fired. . The inventive IR

heati ng zone(s) is/are charactdi zed as having a high
reflectance 10
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material reflector using any of a nunber of geonetries
W@ 20081062982 and isolate the IR |lanmps and refl eRCT/HSZH07/072096

focus the maxi num possibl.e IR 1ight fhraough an. IR .

cerapig SIS BateHRLie Sriat WHRRnY of § BUPPiT e omRtiss f gnease and isolate

' drr foB&Athi R RBNPF RGME IROBEMGhrough an IR transmissive
the B e oS isldeg%ned_ W R rone iy IR Y
plate efdterizt i digcdmgyit tnte shardedss hegigefor hehitingdeprodact|bgingsprocessed.

or "clusters” of lanps.. The.r.eflecti cavities,. e

ot SRCEIoRrindlesieRuy vl il ) e e Cov s il house individual
lamgg,cb?e§ sB3%) of |9mB@SEhe REEARI dah R8s @8/MriSE Bhdn@els for forced cooling air

enter-1located exhaust ports, or fromend to end with
(or othet progesaigas)eir pass eithar f_mm eathdenddn @e@t@blq'cmgd &ihaust ports, or from end
to eg%g Pq%ghlggn ?.ifg‘ g%t}agl}stgc?r{ %r}sfl s(1:i 'aél-(lig%\?ﬁﬁ%/ngig %ntraen)élé] 8H3e other side. The center
exh&iaBRBbdiaRaf ispiéfeded. ef | ector el ement is placed in

tight contact with the IR 10transmssiveﬁ£!ate )

" wi Hetoeavity or cbarnet-pentigvetdaeflefiocdempiigs elaphel degtispatet with the IR
o Bt PR S R B Ry i e cooing
air 1l AL HeEaRTyNbIRe RIS I dhabtriedfac Thy IR ampsaReive Plite keeps high

air/gas fromentering and disturbing the process )
pressergitogh velecoudampisoehng kis/gee fron eatesingj angndigifiipg the process region

ass,. While.,at. th ' i ttdn r . "
o R b B P REOE AR, BEGTVILR, U G e priing s
quaBERAUFTcBoIEOLdsBgtote ishé td mattan adéquarscookihg ofithe 14mp keartz as well as
gl ass/quartz transm ssive plate. This is | gport ant as
the glpsy/quarghiransmpsivatRIpte. Ghisds BBpataok asmost high dsmperpure glasses such as
QLY US abo it i 2 hile th
R SR Sl SO B o RE 5yl RSO SR i
protegy ef “ipikinfretd theigg°@ devel inythi dalngyzone gypicadlymegiier higher temperatures
tenperatures "at the |anp" to drjve the .progcess. This
“at fheviamp; ShORTS WRPTRRSEY A ORVETIOPIAUONS ApErasipn S lamps af pover levels
that \9?1?!1 iomﬁi(lgl calOdtnd 1 Er%kﬂsgﬁ 16 8RR dnll SvdrBBAUGAS sk Plife spans.
SO g 20 I'n

en and - war p, causin ortened life spans.

addir additioraas improseeemstis lanmp Hesign dematgrialsrandwaste icempositions (both

and paste conpositiqgns th front cantac aste and . . .
frorgd:@pgpaﬁ gzllsgf ﬁ@fg ggckb‘rlé@g @@gtgggqqr%eb'fl@1 ah e.tlﬂ éﬁ‘? &Htﬁ{,eefthet inyentive isolation
modil¥ERM I ¥£sil¥%@&c§ﬁﬂn@@ate RRALARan s ik t1Rast to/praeiderisas ahsroved processes

such advanctes in the art to provide both inproved

andpnaeesBaent calldd nore efficient cells The reflector

TR T
ord€ dukRtd:Gal ; c1BSBart; G bir@flar; tridn@FE |sgiidre S@et@n@ilar; or trapezoidal,

rectangular; or trapezoidal. Brief scription of the
Brikf RedcnipdionTii¢hé¢ Pvawitngsn i s descri bed in nore detail

with reference,to .the. draw ngs,. . Leh:. B 1S ‘.
Ser TRt R ERIT aeRabErdo R BRI s Beieales in which:
firpig, { s fhigs oflfdur Sids eleempin line drheinge bleodinp Offesoin FiBiel A, a schematic
i nventive furnace enploying at |east one isolation )
sidhelgviting ofghe inventyy Areate eawloying ablgasi-0se dsojaing hegting zone integrated
. quench zone, a stop-quench z i M .
i 85 R0, DSl ORI SPhe 206 i 11 i
verlitH] Re@idh VEOR Qhrotibk) thelkurhSuazore; Hig dlC Hec tértinal\Weetton view through the
through the peak firing zone, the guench zone and the. .
peakt lngyeense thezgreach zongepnd he SoRApesRLORS 8% V\feﬂtaé t?lﬁ dransition into the
il ing ;1ah | ; w
SRR LB, S ey SR e
i SORR Riis awchsmafc domexiengdaind apeakmplest pery leeting zone employing the
enpl oying the 11
11
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el enment isol ation nodul es, top and bottom and show ng
WO 2@p00204 0 t he burn- out zone; Fig. 3 are a sPCT/ES82001/072096
~ schematic elevation views transverse to the produc
invepfigovheating elementi irjatitempdyles dppang ﬁaﬁ%@ng éb&ﬁémgyrecwe to the burn-
out%}{ ch Fig. 3A shows a square or rectangular 5 channel

geofretry, Fig. 3B shows a triangular reflector channel

ge gt B}are anstrlEs g)f sskemdiwslevdtion vieef éranedrgatoathsl pmduct flow axis

geonetry 15 a transverg .he ti I sometri I
Show%vxrhéfreﬁﬁ@% ﬁ%@é‘& gﬁ%ip?t% el ’ichzlg' Owsswg‘e%rs (Pt rectangular

n f I

chafff B ety M1 LA FHRGRRL RENCHEy chidiTBadbly, @S 3C shows
the p&fdrradfpatabahsgemmarsel evation views down the aX| S of

w path show rel ati onshjp of
e 5 A S PR TG Y00 | Hl5 PP, PifR heating clement
1501515@ ﬁloﬁﬁiegtshgﬂﬁﬁ' thel @mpt &%té%ﬁ@vﬁﬁfﬁffg s hed tl:ampé1 u’iﬁét*t@c'ﬂ in several of the
. SA shows a first enbodi nent of side to side
chammbel [ ng flow, and Fig. 5B shows dual side entry and
center_exhayst flow path for the cooli,n as, . Fi.q. 6 .
is l:‘a‘gs% BSi %Ealb?f FagYTIES KRG g%‘?“?l e PlRbr gﬁ‘&' Rgy showing the
relaﬁgﬂbhn efxtﬂﬁ@ﬂ&nng @le‘(’ﬂ:'n@ Fhodﬂtfés Fh8 coSi eSS ahd their relationship to

tran evati on and |g SOWSII’]ISO[T’BII‘IC&
the ﬁom&yorebdibm wiivh, FignSA sﬁqngs a@Btmmélmfmt of eide tte ﬁlcieéoohng flow, and

ond, rred c Fi
rig Sifahcay el p ey B Sl Bl Y FehdbEing o REEE: anc
Fi Opjg /8id & s@fes off $1RIRE shéwhi dllatilé IR Mgep alﬁtﬁcéﬂ‘dé?ﬂﬂgeﬂﬁmgs in which
| anpS di sposed in the channels; and Fig. 8 is a flow

Figshhahow$ it rensyorst ictayeten and Bigd 6Bethawd iaéoatetiac affirgtiganbodiment, and

Figy GG RS  peta B PR Te o

| NVEIB! 7 8Msholv8 Gh Wiliendevakien Bﬁ&hldivﬁnﬂie‘/leaﬂtff thé)lehd)\ﬂtﬁl@ and Fig. 7B is an
detail ed description illustrates the invention by way

isorpgtrig A S| fettln%ﬁoftndﬂbe hegajaress dispesedin iy chmneleandc ope,
equhy %?@5%10% { Qﬂh@ﬁ%ﬁﬁgg %(Itﬁg aﬁ({]}ﬁ%g{g ﬁggecfg‘bﬁthe inventive process

desc t1on WI ear one

sho®irtg édﬁt@ﬁtﬁa@eﬁrmﬁ feétebaclk\laasﬁsl on, and descr| bes
several 25 enbodinents, 'K’E‘Eatl ons tions

Detailed Desarintion efifhe hnvantion, Incinding the 36%%%4 ! udi ng what
IS T ﬁﬁl%%l%é’ 9€[gl|1é(§a&gﬂ#)t?01pﬁlugll?§[ pﬁﬁtm{/@ﬁli%ﬁ B%ffway of example, not by

carryl n nvent I S regar
way aﬂﬁmitam ofsthe Isteyst equieaents ot henciples pﬁthefmgmtles, Bmaldescrlptlon will

ek S LG PPt e T B e v
emﬁ’dc{%k%{ts C@dﬁg&gonp afikidn¥, hlltérHactfv'é@aﬁ&j ubdd F thé M¥eBtion, including what is

rawi ng. Fot clarity and conciseness,
pre%ﬂ?rballe\@ﬂ td he tiz(edtr modasgd csthymg ont the freientios, or omit,

arts that are not essenti, that draw 0. a . .
sty 1 1A, GPe ysRnoR b BysupBe e SEpal Pl and is of sufficient
con@léﬂ%} tﬁik@thgfmir&?a&tgvﬁ@rfe%mQﬁhﬁg aflil $6b-088Binafféds thereof simply cannot

rious electrical and pneumatic
be ﬁﬂ)llynﬁmtraimbmta)sﬂng@hcta@nt-bymkchrgwmgd Harfclariig land wencigssicsfy several of the

oSS S5 kD956 Sk S e 26 g o s

of APYrtfeGlad FOMe] leo@&eord% lipl8 of ahél idveatikie Séinprliel@bd. For example, the
anot her feature will be called out in 12

various electrical and pneumatic connections to lights, brakes and lift bellows, being

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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Fig. 1A illustrates schematically a conveyor furnace
W(1®008/00q904 sing a conveyor belt 13 transporti nRCTOA7/072096

r cell wafers 12 through a process zone 11 that is

ano%S‘h "PABus through a plurality of furnace process

D34 A ‘i’l'lusﬁﬁtéts iseimaticBity 4 dofgsyoa fiiuaceoll caaptising a]od;nveyor belt 13

foll owed by a eak firing section 16; do ream.o
trangyirghg dopedsotan ecnﬁ evaprs 13 ttoak 4 nseesss é@pelbm@t ssm%ltmuous through a
plurglitgtq%gﬁ ngcgzet fgrg)ges% an%a[%%g 02 rs]% %gg? :%%agﬂil?é aaalg)’}ﬁq}u't E‘&tlon 14; followed by a
peal€ @RingN@ctiding 61 eswaGidaiteod Whixds $n Eé)qm:nfmatel a)rquembles&chon 18; a stop-

furnace section takes the nane of %2 E él on; %ﬂ d/
quengly chatl 20peng 2 GUERERS OF AR E}ér‘?E‘I‘PO&‘n dARedfer Qiig air and/or
watereéoo'ilﬁ {1) e{sB &g r&feg§§ V\%ﬁllﬁ}ﬁ"‘?n Eﬂf HOR@hRL&Hb fARes the name of

cohvey [eP¥Tavdrses as as e furnace
that%&@diﬂrtﬁus;fburrﬂﬂutt padk; spendho rstopil'qlxendoanvieymeabémneg?,refers both to the

shown schemat | caIIy, noves | to r| eﬂd dtgfl hard ¢
progese valpieGrugh ayhish p;heeq.qulqg)r(lbglto%versle 35 yvellias Bglérinace ardware o
that'B gJ[uI es and below it are the | ower nodul es of the

sections  or zones) as well as the |ongitudinal

di reetdoancyor bk 139$Hdmmhahatﬁaallymob®| lefttto sight aridsdefines the horizon-

def d th t I t di
tal C}@SEIGIEF& (a]?éveslh 6’%{?{1? H&rﬁ?éﬁo qescﬁmlfi %glo%{%@}vgng icarﬁeégnoﬁlles of the sections
or zég?sl) 18 wetPas?fle Q&E’gl%a AV 8irEQioh s C&ltkﬁ)g@ﬁalttﬁ &hé&l balwkragel is defined as
ance and opti ona exit baffles 24a, 24b are
the thtaplodisdtian ot dmmeambnyNapcbdexu is showis moFlgt hin thgmneasss zones 14, 16, 18,
there,is an u st leam

o S8 okelo e e driine Buterse gH G ERT L Biites 242, 24b are
dlsﬁloge Qtdthé %ntrg% d Qﬁlt Rh&y bfjﬁl‘é furtA€e, BEPRCDHly. SBHidalli} there is an upstream

|ncuesa lurality of three or four heating nodul es
drydr{laot-shQWd Irammeduah@bafﬂpa; eee. Swtweanzongt | ek & mayde provided.

on es 1 t
poa B Sue ST BHER e AR b2y BN ERihcs Jda — 144, and
the isiab kdtRR 11%49&5'0% log P ré1§ikd AcherBeUil&sSL6. Dlotq that the ﬂ’.b&rn out peak, and
spi ke zone nodul e(s) 16 can be the |nvent|ve i solatiaq

stojt- gmch mncgbllesmndwdhq Brventive sebion iEpe B Jasm heating modules, or just the

r eat e = | f hot air 45
spi r%’ﬁ?f%élugsr)aﬁ f’%ﬁ |e§}é g}tl 8?1402%% 16 back upstream
| ntRigh.heA AHAYIBIAIsE Ghew e retheie afor greaxiy timpwivad @hergynafficiency, of hot
27a as exhaust air 28a out the flue at the trea
air &htiony the Rpike aparaselaiigmmPguls déhterls HPSUEAR ini) BE PRy} Zone 14. The ai
.t he Su¥ e
o SIS 1y N Rt LM iUt fmse 1

additfdn’ e nge@ied frofhie lqhendaciohe I8 exhaikswpixplemah 27b Iae emuatmir 28b. Fig. 1B
intro- duced fromthe bottom and/or sides of
andgHa show ﬁlgat AEREEnD pir 2661|nppp§héce Stom the hgftopa s{cg)rﬁblg:]nglil gone 20 and intro-
duc%% %fol'r{ fhe! BttS %?18/0? Eﬁ@%of e taﬁne%a‘ﬁng L8ne 3L pefiRXd EdMrofbf the temperature
uce in ottomo e stop- quench zone
profilR ﬁaxuhb& yorest Neteciarligy b€, bedlinggaip 26 rintrédiczd me thti btthen of the stop-

orcs eSS L R5L e 20, o e, 20mealNg 2808 ce o

and3fiP ﬁhé’ z&?é"ﬁf qxlﬁ}‘ndt&? th@%pfddéﬁcl{itﬁfe DNAWHe- sepdtatelivented by its
anneal 1 ng” zone 22, best seen in Fig. 1D, a heat

oweflob angsheyst hmhe aane@hng wenesi2, pi pest ﬁmllﬂ &ligi 1Bay hsat exchange system,
used to assi.st, cool | n ad 0 _tLh

c.ea BT PiRe MR Tar Tod Berre e 3 AfofRR ARk air 26 The

coo‘i‘iﬁg e NBUKIts bke 286a ploaliii 178 28 @¥hdust 4TP2&. det ai |t 0 Fig.
this shows in Ionﬁltudlnal section the left side
of TdRing now in more detail to Fig. 1B, this shows in longitudinal section the left side of

13
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WD 2008/ 002904 PCT/ US2007/ 072096 the burn-out zone
(the right side is symmetrically the sane) having an
weniospolom t he | eft hand zone divider wall 104BCT/U820011€72096

onveyor belt 1 ich is che cally as. a.
the GRS PaE (g 7, SURHS RPN BF Co: R e Y 3Ty the 1ot hand
zond QR/IGRRVAY P04LCRAHRS cdrivBPorBRlaR3, iwhitH AVMOSASsch&iBatidAll® as a wide, flat
toward the right. Above and below the belt are ports
arro8g Tfh@rconm@r belmabris Ishoips by Shes pRINRY S csales hiae i862ds| i traverses the zone
towgr?{h %E)gxg rz]:lgd e'lo%v Qﬁ)es 'th e %%h? §8nfotrﬁﬁse‘r{19ﬁ” l§1%ps 40 shown

ure tne alr

schér@e\"bﬁhll? QapaftRE Yides aﬁﬁ@kfs%cﬂﬁlo%ddtﬁﬂﬂth%ﬁgth@‘s@ a§ ro@@ed obscure the air
apertures 47 for exhaust of hot air 45 f

flovy Eagrse.rléner pechloves heat rg,qyg{e rga_,réfplqis,ﬁﬁ and @4L h@]ve spaced apertures 47 for
exhglgsg otfI (g ?tuﬁr ougﬁﬁf ﬁ?ed d ngfkt 935 w6 T B Fig. 2. In addition,

] ect i nes I'h tenperature
conﬁfi’cf’s@é(bhlr of fidriepal @63hayobe bglefclmﬁthmﬂgh\lmleat)i It assisn dh temperature control

ke. This hot recycle air and_control s for
and RN o PO VOGS SIS SR B TERATY A BdrsopliBhess forms a
geneer?(tplg ﬂlgf‘ 4 aﬁi b&ﬁtb ttﬂ? li'z?rgg 31.?‘081& s ex}%ﬂ@ff'ﬂl% fr&mlrlght to upper left,

s ou a and t
whes itexhaisa;towt}re fa&anarﬁfogd 212(3ambthe floel p@edtsm]smlse:im%a om
the ri end of the bur zone own on
| efKig. o comnies foBtieeatt femd ﬁﬁ]@aqngir?é hehunpat 261 14, shown on the

left,] Qhé“l%h%drdfgﬁl% éﬁﬁ{egl l%fs %«G 922 e&‘f—mﬂhgf hg%awa tht Whe divider wall 104e,

own on the ri nterline of the

shownmnetjae righel As bcsfosﬂh dwnceaserBie ofshetdongeyohn @61155 blaown asi86. Exiting the

zone 14 rou in zone . divider wall 4 t he.
burkiont 2%, 1L 400 n3lop B dEE CEART LGS he Hellol®oitine product cell
afEI‘%rl ZQhéf éhByv)n fbf‘clﬁﬁ% %§1§roéé§§ %oﬂelll QRS thelpbsk RRRKIZ Wheth is shown in

is shown’in " detail |nF|g.2-6A 7A’ and
deta?lan Fligs qoeélA, 7d8nand ZBsEhke peak Mﬁp@ﬁ@ttm ¢enaiferathes of the product wafers
Aroduct fers from urn-ou er

repf0F g B i 4 Bt TR 1R BEhReCBE ADFEPEBEN 3y the sclected
peaPQé}ﬁper%ReefcﬁtrHélﬁn% Qhe Bi‘?\l'etrldif dhé Bentaét MRE pRintddnen e@Nbsser surface and

lines printed on Eer surface and 20 sintering

ac

sintetieg the dluxand aapjflgg ith@gb gidp payte ST}@daep]g@@era]th@ ip gelgcted based on the
proP‘ﬂ’gg X gg:{%ntgﬁt laial%kegts ? Cgl%gﬂ% {gcsnll %’(})1% ggo%#ﬁr t 15 glzg e modules of the

1nst@1ﬂahve§ﬂ?16ﬁ rapidyl &% thé séleceli Wsﬂeﬁmﬁypicll\lfﬁmw e mape df from about 750°C
fire the solar cell wafers typically into the ran e

to abpwifi Ao @ rats0ie a pgaRocen s 05k /spGioadp forpbauy %1%% Sefr Preferably in

the ?%%gsoi g&gve a%gltS f(ﬁ)ag?sey B %’ ???@%’J&%@%aﬁ?ﬁt F}E fi8 bR order of twice

range o ove a sec

the $00&H Fe@acelrphcityl, ahd gerhtitschean®ratdshie upriel e Iﬁﬁxﬁnmc Bn#bpower rating
the current furnace capacity, and pernits heati

witheatt agdug lagyp faidure nwhidgRioniding %‘hﬁl%’é@@roflzgt grRgfer W?%HW of solar cells
witly :égelif er o%g%}%ggkﬁ'& c&%@hs éﬁﬁegﬁeilbfl ﬁ%ﬁ?hattllagerg&gﬁé s ﬁ‘&/ldes a high
rateooié teperguel fnccdasneciops . wHible piremeatst excesd degassmglaft Hpdrogen from the

uethus provides a hig rate of t erature
subflds g4l o hei gges wqﬁ%z Popietackin WBROSS RG ingfividually power-pro-

grallﬁ%eﬁ%g Gilht ftHeoﬂ@ak & déé’tglset it da@h&Pihdar thENKitl BAP alv'lc[er IS 04c.
zone can be pomere I n sub-zones, or individ
povilie- peak z8fe gemmietds S0 tdvat divirer peak ItOén;penétthc ebdlts W1th product

. reached near the exit zon di,vider .wal | 104 The
lmni?fﬁ@h]t"eF‘HFWafbés PR oAU §1 &Sﬁ ‘?Xielet“fﬁﬁcwa n](104t°h81l%3 wall 104d. A
cor%}ﬁlastsed"hltr R B tknitk gﬁ@%ﬁib@} o ¥oraplifs Qatéﬂéﬁ‘%ﬂ%@d‘ 66mpBRERA air tubes 92

defined between wall 104c and wal
havmg*qbntse&@m thiat foom and@lmectgaa;glamffaer %g@ﬁmwprg@uct on the belt. This drops
conprises |lateral spaced conpressed air tubes 92
having slits therein that formland 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,
wW@e@semphg the etch- through of the nolten siPEBDS2007/072096

contacts into the doped emitter |ayer. The cooling _
the dgmperatire yery guicklyy BYI%?V%fﬁ]e@BndrF% gises irantigragec pravewing the etch-
thro?l%kétol? SW%E? gflvéerrk‘g)(r)%at%ggtﬁ orar{é\lércﬁgn 4 Qsﬁ?tﬁétfg%o?ﬁ%%o&ﬁ“ig curve slope is

equaktyrpeemt thoe perfidgiighe@mirol b tHeawjdtipofudte oiperaireicor Hdak, that is, the
eak zone and the rapid, controlled quenching, permts
dw&‘glr A he eonips gl angk sintgy gor@ﬁﬁl@n feapebak- Terpdr e Jareg gower control in
t I
the %Ié%qgﬁ%n;’gkfldgtgg Iréﬂ']@ ln{r lallﬁcg élgé'ngﬁliﬁg &gut% ?eér%: nc}foglﬁ 81 g{ thlﬁ(crltlcal peak
dwal7froeess kiep. Hier cobﬁhg amdzefpae I&Kimlng thm‘ kmfeh becoaies hedted and exhausts out flue

For ony, p e h of the quench
plety{ih an b b 0o vt 78 T8 iy HOTHET 4 &t B6 Geven conveyor
spe@ hnd 1RBRESRIHUr fieAdH 2 MR biTRed %orfeoﬂﬁl'lso!ld)éﬁ:bérﬁl t®ud, the compressed air
provi de ‘any pre-selected anount of cooling for a 10

tempenature ghd wdmmhmmrqoatromkd@ &s providenper pretsekectd gmsownt of cooling for a

part e il bt T oo (it A L W seconds ar

entitdh GBthirSthe CabatG @PtHeNAvendive Qurfidel €d "overshoot”, the
quench is stopped in optional stop-quench zone 20 by

a chmiisueet th@m tsfncb anprsodling, atd @ﬂéltedo@abrsm% | tharguench is St0pped in

oA Rl 30 Sl A8 SR U 5L ot

26 @Réridgyvia MAFR! k& HeR v AVindgthéMmipersaks, Qﬁe b@@&r toStBlese lamps may be
that the curve transitions snoothly to ‘the anneal | ng

eanﬁeﬁp@rCAleart@ pretiderasy levelt efnirst. snthapitsnetae gepsitions smoothly to the
anngglsnl?gstlarg%qraf\l@e :2% 2 ?g ?(% he%p%? g’ﬁ# Bro@c{et% #8‘5‘4@&1&?@? &lﬁﬂ:ﬁ tgl%s place in the

anndaliﬂgdﬁihe DO4pust Bowastichm (16 kmt rigletinvedn fighe) of epnd dﬁ’itlkh 104e Note the
and anneal zone is |arge, EE‘ermttln the air to flow

slotubaHeeh T3 SIOBUIERGE 2P PBALh COBR b I BEF cBEHIIBHG D9, aingH flow without
turﬂ\;%%gﬁ?lﬁ?‘ltﬂe &ﬁr{ &}e%ﬁl %J?,I%&anem ing zone features, in

s are at a pre- selected
t enfigt ADutlRisfrates shet anrealey zowk foegestie widclprtionoelss are held at a pre-
adhesi on, and_then cool e f£ of f| oadi ng éhmmstr Enb led f
selestedy franpetatereeler 1 {EICH PrAl adesifaie ianyamate pANssIoBs iApd thep cooled for
ofﬂBF&hﬁ% Z(Q%sﬂréam %@ltﬁ@tzbﬂ@ k¥it GO T eFhdYerRpGAuRI Pﬁﬁil@% this zone is
alr 26, introduced through bottominle
sel@ndélgrcohhokimbhy 8i eenbiedtionpdrinket 86 . 26T rtragtucedh da()lghjbotggn inlets 102,

O A S BT 558,80 L3 S5 RIS Ml e
haugf%ﬂtoﬁféll Eﬁi}'@ﬁg a?ﬁ e%‘h%ist B 248 Sin@fthis %hy't@ dotrolPandIWGisted by use of

examnp neta i zation furnaces fof preparation of
anﬁhfnnd\f)ﬁltal c cells are showmn in Table 1, bel ow, one

t d ith a.
oy WO efinploh oF msilgatien S piepdefiat B PR G cets ar shown
in ﬂtﬂé r19 Héwvma&% @aﬁz‘)mgw [ dr a6t 62X I 1; ab® ddey®ith a dryer section,

Exanpl e - Dryer ~ Process Furnace Configuration
Exdraple 8. Cl ear ance (belt t o- upper -wi ndow) 20nm 20mMm
Table 1

Metallization Firing Furnace Configurations

Example 1 — No Dryer | Example 2 — With
Dryer

Process Furnace Configuration

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

15
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15 WO 2008/ 002904 PCT/ US2007/ 072096 Entrance Baffl e,
24a 200mm 200nm Heat ed Length 14, 16 2000mm 2000mm
W(Nmﬁbleosz Heat ed Process Zones 14, 16 5-6 5- 6PCTRENI0N7/072096

Entignos Bl o

nchf-Stop—Zones L?lzé

119 E rmm 11 QE nm A

ﬁl\'.)Ulllll 250mm

ahao
I_I\Lalla

S

Pt~
I 1l

Heasosh Lepgtis {16

L LOJITTrTi J.J.U\)IIIII \

Max ﬁnnr

20 le"ﬁr' o

|n Pe

Nuq@r;p@@@@tei@’@@@ss @Pﬂﬁérml K1 nd

b Sttht r pam Fnt ranc

N Z=UTTCy

SBaffl e

Rapid Coal@r@uendbiiteniZommsdSR0- -

250800nm Exit Ba

f23Gnm. -

Cooli@@nvit (ikap) (bet ween Dryer/ Fy

inn&&e; --- 400mMm

NLEFinen

Cod¥ng PlXEExFRALS(in 22) 3 Maxi mumipehat i ng Tenper pf 185%hm- -

Ma Vleratie Sy, GRPedkeEdel 16 €5 [09§EsS EXNausT, 2

4 eak = typrcat 84=35Kw126=48Kw Crean Dr
Dryer W@m)”%smamm LPM 1300 SCEH 800 LM/ 1l 700 Q("I—I)I:f
Entmete Byfigth, 13 250mm 250mm Speed of Conveyor

360remo
Heatedl Ingngth 650 cml mi n.

Load/ Unl-ead St ati on 600nn?.8000mm
Exio®&filer 1000nm  Overal | Lengt h/-W dt h 6, 400mmi 90P2@Amm

GapbeRRRATROGMmAtef er 125 x 125nm 650cn mi n. 3] Hfnm

ﬂl}@r%&'m9&r2(ﬁl§yUU£ V\BT er/hour | _Marer 156 X 156”‘[’@ 650

) [ Wal £
CTT 1 our—2420—wafer/hour—Fi g
Y waf er 7 f1on SFETS.

Maxipium §, erahng,ﬁem REHUC o vl ary 00"

——- ai—eXeHpraty Aeatt g rod
f the

the spike zone 16 firing

Procssb Eshdidt, VEneirpat h and di re¢fi on of the convevﬂ)r bel t

Powles (Kiv) Pbgk — Pypicalss zone 11 i 84356 by the ar| tiR6-43Ke

Cle®] DREAR (€O @S750ed1i ned bet \eaen Lpppe3081SCHPWes0(BLMP/1,700 SCHF

Belpﬁ)%thn el errent (TR Tamp) 13 Ok kPN modul es 3845034l

Spep(io ﬁgnVCeiy )ianVVIII ch—at Bolf)ﬁl ctl lss%m/ﬁh]{)l dCt Uy gsd}&ﬁﬁﬁn

1l o Q’)ﬁ Thao
LO&ML?&S’@Q‘PF rise ar m,‘ | ect or %ﬁgmgﬁgi Om‘lﬂ into muy/1000mm
Overtlhherate/Widthc avi ti es are f or 90may980mm whi ¢

9,800mm/900mm
Wafehaphell@Swon@pédcorimiror  nor 8,40R wafe'hdusinp t ub280@eafer/hour

WaRRd54 ke Sepenaf éiesniint he champeleafarleoutover ep24R30 wafer/hour

transm ssion w ndow or plate, 38, typically of
quartz, Vycor, Robax glass or other high tenperature
r ediigt &ﬁhowgs)lrpq;lméﬁn@ elail zin exgmplary Aeatimgtmogdyte 30 of this invention for

the 8@%{3 %%)1'&98 ?? Iﬁ}_{fl% eofafg% gelf's Z’ir'lgl)? peah?hlpc? glréc é)gro?l thé( t:oﬁvréggr belt 13 in the

proéegé abm NUisf shbtwingy the diloat The press Z@d: iis raleﬁﬁ(fdébébdveem upper and lower
heattinge 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 comprise 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
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
permit cooling air 45 to exhaust laterally through holes 55 in spaced longitudinal 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
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respective side walls 32a, 32b. A series of channe
exhaust hol es 46a - 46n, one for each channel, are
w@ew@siokwot f or exhaust of the now hot cooling aP@T/Uszoo7/072096

Fig al?zrhésgl%pt qggf réb&%g}llqr;e tlp%egl%gﬁéslgrgg I(glgr? 1’[%trlﬂ the ls)urn out zone is a

sub&%ﬂhﬂ B8t l%g?ﬁe%ngf %Qd &%réﬁseﬁﬁf#@e&tum th&'vAhtordd tO

aust roug l es 55 I n spaced
I on@mtetlmttrrml cbarﬁa‘ctcﬂsfosiﬁ:,aclarhainp tihshoen A 8. Upstveethm wipar and lower

con ts B e se e e of arrows. The . .
cefIERTIPES 3 PE R QipmRset B SPUERErJYP TR oroatagially available
ceratnkle RAL&Hd St AwhHh ehit RRW UL AYbuIE Qﬁ‘@maﬁle srﬁ@lwe §HR11 50 at the ap-

16 WD 2008/ 002904 PCT/ US2007/ 072096 Fi g.
proprésgy bcatiaf tot feemaine orﬁ dlzgt pracésa Zohesegpbm@e eﬁhﬁr@ btam@ut section 14a — 14d,

ndui t out zone heat
or sgbieoiotl - el fag SERo Ptte- PERR P B BretAREE MO
An Filgegtéhbﬁ@'alt@ﬁﬁﬂe@teﬁiboﬁﬁ*ﬂien@ﬁQﬂ(dnadﬁplohgltﬁdimwﬁorﬂ8lews along the
Above the upper and | ower ef l'ector blocks 36U, 36L
cen‘arlmedwfsqhg@mapeethra@hom;her GL) mpa@n heating yanp a$ql§t10namodule or the entire

N T ——

sheBh&khova® a0} ﬂh@ laﬁbrﬂfmfrh@tb@ ingglatibwat 5, Al ﬂ'ﬂeQﬁSdLﬂé 34U is spaced
the process zone sections, either a bur n out sectio

belaw a(insidesdhe shella Fher corlingegps dn, exlgwsts manifald s §bPWé at 54, which
conﬁﬁ{l]rg?%%stwﬁh %éc?}och%hﬁ%’fgp zon nﬁgg{s’e xgl%mltgbgls ﬁg SEQ@'{QT he lamps 40 are

centéek@h @chnflatitd, leSEnRE %b!nﬁ@laﬂépdcb@Sﬁhfdﬁ@havhlblﬁ d@tgbbohng gases flow.
ei ther an upper heating |anp isolation nodule, or the

Theephanpels a1 sheydy e relativaly isguarg oF Heq}w@#ardﬁocrpwt%nlﬁ Fig. 3B, the
chahlﬁ % ?\IeIs@&gﬁg%ger?e{algﬁtrlgh%larl‘?ig"cgsgg i?}elfl:n at%fé oﬂ@ﬁ:@ L Baust ports have
beeh rd)&ﬁitai itioie shdwing, anaemzlntplteoﬁﬂﬁxd ehé-t3<4hdl ceolipamebbdidehtoin Fig. 3C, the

(in e the shel]l). The coglin s. 45 exhaust
reﬂﬁ‘ﬁ}‘{@fc HPEICS G A AHRENC Y BRTEOBBRRAPERE O £ h each

}eﬂégﬁﬁblock%nlsvdnathte 3)? a2 TS BROMMEk 4Rt ﬁl@!ﬂly a dense, rigid

The anps are centered 1 n each channel, IeaV|ng
cerammmﬂt&r bepdc eorfifhetdial yugphailable cOtieh enatails m@y @amplb‘ym«vsuch as silica

foa’ineé 12% g%ﬂggﬂcnsﬁl}psdd?rr Eblio 23 fl‘f lqea}gcéglc%%n%%greder of above about 85%,

prefeR %Béve%t%u? lgg%n ”I%% cﬁlﬁﬁ}?élﬁiﬂay el a8 GM18éd bNnRkRiHSd into the board,
section. In th igure, the eXxhaust ports have been

e.gohy ttiihg, art ma$ h@hmrgwah adghipreflegfive matesinl sueh asalquartz cloth that is

sectind o &fted 8o sy B0 unfnes oF i BranalyF faPbaeT Blals, The ggtlector block 36
neeﬁ? B Qé" bul & l?ef |b%ﬁ§&f tobheqR Bfhsintssh plAR 3V, (edte e gparator ribs 60

3cm thick an ypically a dense, rigid 20 ceramc
betwedyethe ldjaceht ch@mﬂ;riﬁ prbvige fotzadeausite sealipg betwegn adiageny channels. Thus

e TSP 5 0 e 5 50 DGR LGBk 26 s

the 3R nFaRMondo the ma@rigeraag)k woapawettiapatitor $asés tdHiew in the annulus 58
channel s may be cast ed or machined into the

aromﬁaﬁhb larapyy. effebtyngnthe icegling e ﬂiﬁyuwgntp{eng@twgt pogule assembly. The

reflectiy ter q t
trar}swg n leg rcleelgien etb:gatgﬁ ggJ %&#ﬁgd %ﬁs@lge&% tflasgée&b?ht nge facing the
refleftanBIBtk riBs §-prefoitedVit 8 sngotis s by heindiak) acittath bildeckap6e ground.
25 needs not be, but. may be, ponded to th

t r ignishipwi ip|isaneetrig longdiudingl wiewe rRERoLie Ogémeé embodiment of the
n
upy}sgg gﬁf&eﬁ)@veé H}%&E%Jﬁ %g i %%]%Ev?&gﬁcloﬁwage H{e%\qéhﬁ?g &Qﬂul@qgﬁﬁﬂ}e% of Fig. 3C,
Which&:ﬂﬂrﬁl;ﬁéﬁemhy plefdrecd3fnbddénag. Bnthil wiew) the @drahg]an clstnele &6 are spaced
ribs 60 of the reflector block 36, fornms the
i solation function for the heatliing | anps 40,
permtting air or gases to flow in the annulus 58
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around the | anps effecting the cooling of the
i nventive heating nodul e assenbly. The 30 transm ssion
wWeb@smeo29eed not, but nmay be polished on one orP@DUK2007/072096

sides; the side facing the reflector blqck rihs is .
apa byt By 6B 48 sg%wg’n%emﬁe é’éd*byF i PIRBRYIC ShrBnedR LSiegate above the
surfdEy oibt%ﬁ P L qi)a ﬂn%sioﬁ gﬁ'ﬁ@“ﬁ@ sb '?he{é SIRBLd 6(?h£\«%r@1'ah%1@,' Wfical side walls.
vi ew t he parabolic channel enbodi nent of the per
Sevarat htapwenpsaeesboBd ihstBlel imkhecthanaly witlelatripe 40e.a40bnd0c being fully

. dul e assenhl y.30 of Fig. .3C,. ich is the esent | )
in et A B U U RO AR to, O HoR” o S sl by A end'fiting 42. In
thisCRfRARhht IRe BLIBLSARRE Y6 nldy B4R IQ%&gﬁgﬁera‘t{lK oriented transversely

PCT/ US2007/ 072096 ‘apart by ribs 60. , the wide
(paraHelstodhe themnplamagotaticer dhenbeing holgs aeshrvwmtle thib embodineent, the length

MEGELR TN, IR E LN R U -
ﬁtti§%¥l%fr@htshﬁasb th& gy B8 cafrRced @Mheiczirddal Bih Vil cdhiRctors 48.
channel s, wth | anps 40a, 40b, 40c being fully in

pl aﬂ_@, loagitudisaipharr@nial cerger-lorenten, paONRS lodhe tanfpstcenibg varied as the

and is r.etained b e end fitting 42. .10 5.thi
progi QAEHARS MEHEe R U5 EROPTE 26 et Fo ity apauarcrectanguler
coofih@tchanneP56f BI &lily a@fusRat®dadcbnfidateSek Yspadiparayhiedd. tihus, in wide
t he channel axis), rather than being holes as shown.
spa¢ing.tthe saighele @i figangle mak br avigde At itoepening; imelpserispacing the parabola and

. greater than the w dth of r ne.
trla’?gc{ﬁﬁ?ngﬁe% 4 Kot H@ye{ﬁ%%n% i ?:ﬁ:‘l% ﬁgcaé?eo%erl? egi if‘g?aél gle. By way of
exabPRY tHERYiaRgle GOWVIRCIpAEing endyle éqlluﬂﬁtbfaﬂ,%ﬂ il dlsati $pacing, isosceles. Thus,
connectors 48. The | ongitudina hori zont al . ) i
not casi éy these dedividpal Bpwen ertol qfﬁlieﬂamp% uinthpie spagipgmay be varied.
Tog%élghg F;Xlg%"q’g‘}%g%%ez rfgrg%{oglgllitgr?oaﬁ%gﬂgﬁ Eniv@3d bhe essentially continuous
variabjliar &f tRClapgtinae profle] saghat hbnieknfée hatiegsidny module 30 is easily
adjusted to accoggpdate the spacing required. Thus, in
configiyed tapRedagnes PlenARTIYPreLesest ri angl e may be wi de at
i t SoPem R ool nac | a; o
S
the \peefeiredlembodiment tiadwhieh t congiressedByowling efr isepramjeé,totthe air cooling

' | e i . d i b i, | din .
pastaEEe o A5k FAbO! fhe Dot T e FeiGIdS R e Soqlingair passes along

the hiteiId SHEH aIPRWRRd SRNLMP! B 46 BRale@ P ehe Mhnd1N8E between the reflective
spaci ng may be varied. Together, they provide the

surfhemn@4 amhthk ittagsiissipe piete 3@ ihedios hair irakhasstehoutdhd genterline port 46 via

conti nu variability in the,t erat ure ofile, so
exIERL MO S SRR rBeAn WU e foaar et S PR TBsfipxEplary doped
silicRNolgWeBdvdfer 82 ¥ dRwWiPAgi8e Oh thBdUidybAbelP19CaFPBRed at its edges by
Fig. 5 shows cooling geone?ry in transverse section

slide ipbags 68 withigithe pBwesseiong 1di IndbigedB4 the idet mprifqld 6P s pe the right, and

nbodi ment i [ conpre oling air is provided
the i e apoustot o FAORAERRE B 6 i rnat SR g SR
hegtig] 6iPa dQic¥isRowitlo@he BRIl LOtESaRP-end TR QA piBAlyRInEde of cordierite
passes along the annular space all around the |anp ) )
or steabits, APt servas el sipporhandcieiaimdiieslas® Fepigpemondgngation, in which Fig. 6A
reflectiv urface h I 1.SSi .
sholyR hetgod vt Bl A Nl Sedeh AL BT E TP EhT o §p shaped iting
42 iberted 8y Baresd4 methe kidk GvaliBxEengesd Bk, 2P s@that tavcrdingflatpace for air to
eductor fan or flue. An exenplan¥ doped 25 sjlicon
flove ap dhe ceplingrppsspgel froms thensust MARITGlE GInoR rBe gighl dg dhe center exhaust

I : u t t.J ' I :
a5 R RRRELSE iy 9SSR A BBt ofan e
fitting e fie whidi2a riag @n fiahge 72 ghdageatid bordkolectd, gad 8 gdurality of radial webs

exhaust on the left via manifold 54. The renai ning
parts are the sane. Fig. 6 is a8series show ng the

detail of the lanp end fitting, typically nmade of
cordierite
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or steatite, that serves to support and retain the
lanp in proper orientation, in which Fig. 6A 30 shows
wo b@sioeay 40 with filament 70 rel atively cent eP€HUB2007/072096

he channel 56.by a c sha itting. 42 jnserted in .
74, bty T (aieleginfaly oisea i wbGe gy whe i ed. Fig. 6
shoWwh &eSpreen@YPtFerPRP&RbIRneRt If ha fitfidd¥¥ inwhilR acﬂ%ﬁké 79 is connected to
passage fromthe inlet manifold 62 on the right to the
a cydiadtien] o tarmust sleavaryisftbhidits4n the tinehodefd évee Rig.abA)hend terminates in a
trangﬁelgs‘geﬁezltd e?c{eESIO 6'\/2}?3 1 %E}’J[l%lr}:% Lot ghﬁ&gb%ég{hgg%e ZPJ is fitted.
engagesAting Hes gehion, élﬂalé_lé_ﬂl do 3hdk Yh@ldnlpy e fifBIs A2 mounted to the
webs 18 WD 2008/ 002904 PCT/ US2007/ 072096 74,
uppery@idclamiey reflector, bleeks ibnkavinge plurality yofi in thiscedse.apargt®licrehannels 56,

' I e 40 is,fitted. Fig. 6C shows th
cacll B S p Pl o 5 ol Rkt ol pRiTy RIS pifersiood that the
sleewh 78 s idsdrtearig éhelcorieSporniteldre d4t(e Fgs: 2l A6 A ¥ Not®the triangular cut-
tapered sleeve 78 that fits in the borehole 44 (see _ _
out g of hayearriide ednfitiag 43 dops Bot need tasheprseiselidlighet witBhe orientation

[ ri .. C 82t u Lch the e .
o 04 o AR Ut A B G okl Wi, sine e
apexes of ignriahgle latrpuadst the 1ddatigs of theTobERLIS BssAtidiySsel fRRRFing. A slight
and | ower reflector blocks 36 having a plurality of
r

gap pyshopinsbesyesn the Abersier and therader of ¥ cutentb2.dutp sirpeld be understood
i ' ' . fo | ari

that ikﬁt){e glé)irenlgStg ?1’3 etrﬁ‘gt% %%édgfw\g?éu% ﬁgé Lg?éewé\ggﬁ%e fsssrolnﬁes ratcé)c{fb‘%een the tube

surfadeeand driiee s@ivvdva gurfiee @ f 4k dhaseel ARigs7B 2s @idsab) repfediation rotated to

the triangul ar cut- out,L 82a of the near side end
show iR iSoRp o Vigwetke pefationsaip ¢ighe deptheditheploeve T8yioethe wpflgstor block 36.
The H3Gof bETHeA IO > Bk 8 jd -
heendof [ !t)t [ ng‘;ﬂf1 ?ﬂrlﬂtlglg r?%yoén&?%cgqflee? #%E’pégﬁnggr% h@ﬁ%ﬁ %%ﬁn f eg- by 2
10m8i.nce the apexes of the triangle are rounded the
| ocation of the tubes.is.essentially self centering. A
o1 F B gnov edi v e HEmEe PhRS FRNiEIEAGE Ao PREHBORal processes of
“firiR Q1R cell Maf&d or Bter RrustPbi prbd t inventj
lrlt at t hcg tube r rest sr onu% he perdglcle&% H{t %gﬁ%ﬁ{ 5‘%3%&1 tﬁﬂ)q‘gh the inventive
furngGeksavicseastshewe i Fig dnthe pacessbetnedpingtike furheee zone Eaduration and
and inner reflecti.ye surface of the channel. Fig. 7B
operfSiy g ICAHORY U OROR 40 PG PYVeH- EptsmpHed management and
furnh&OsPREAtiol AU QYCHINE hitbrHpréseBmRidAn Ghe bh giode BAALAES, tl /lescribed herein,
sleeve 78 to the reflector block 36. The bottom of
are typisaléy tnplementad imsgftvease aaeampuier-giecutrble dnstmgsionss that upon execution,

' . Q. 2 ,10mm Fig. 8 is flow .

nii G AT dr T v P Bt Do b e b o pirBrmm 15 ethod of iring

illus@@Rd ahil A8sribed AeRES eFhderver(s) lof M inS@HtAe Gk MR 88 $mplemented as
or other industrial products that can be processed

one Ph ML Kompiersy geiguyed With servenaelbwearpdp dioshg setvsewrprivate network, or

s S TP S8 S55°58, SPASA LRt AL W ncre s s

dynamie pag & shodiith atH8rdT, selRelcddds dndPhRIEey) taTbrEBMABSIREAL the operations
and furnace operation _and archival history preserved

and pethodedeseribash kereint ablzes dwnamie pagescare Keitpred iingdividual furnace-operator

Lcal LRl jN SO e _a T
oot R o, bR, PR S Rkl it Raponsgofp v eauess fom
authorited] atithenticudd aseranih acheystdetibes deskidpi adslaptopt BEmputers, network

furnace systemto performthe nethod of firing 25
comPY(Fifiearich Y B BEl e e MRS apchq Bkt to fhe Internet to

enab'lé“l\ﬁ?é}ﬁétlﬁﬁlpwﬁén maggﬁeh ld IQ&ISH as one or nore
conputers, configured with server software to host a
setbe eonpuier@) eofntiewimvkntiocnr cars ibeecanfighted Imbesysedm drchitecture, for
serve static, generally informational pages, and to
generate and serve dynam c pages show ng arrays of
selected files and inmages, tailored to facilitate the
oper ati ons
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and nmet hod descri bed herein. The dynam c pages are
tailored to individual furnace-operator 30
wo e@aioe®oent s and nay be generated on the fly PEI/US2007/072096

exaT R EE 51 BTSEPE P LIt e (ORED frelta siructred and
hietafdMi AP E&@S stdﬂ@é}ehe Kput YHRES, uﬁét‘fac):s WM e Beﬂ'@déral input and

be | nt’erne I|nked network may be Iinked to the
outpuit davinass, thet tegedisr emlptﬁm@nmehe |syqj¢mrmdt eiwodnagewemputer used in the
inv%rgﬁ/ﬁ gﬁrelglgtlygﬁalg Erg";éq ie%%((er% Qraee&sor aéi:avnelf?_ltgb%o%%%d to a bus. The
bus3AHBHOLAO08 cﬁ%&‘e’%@@ﬁ? sQif29Bus EHRBEE incARIINNE nRIdFPbEs or memory
server conputer(s), database (e. %P rel ati ona
confelerd aneaipBeral) dusr 884 zn @rodghser aerc Hacghbps cmtamf(@@ a variety of bus
arclfi {e%{u?%ser ?IO&Bnpﬁ ( th 11}181%%)15{] Isrpgz Etlécg@c{%? a%?e me{nrc]) Ly (e.g., RAM) and

ﬁxddrahldﬁﬁ&ﬁhotdlﬂie ﬁMSb@lmlﬁl’lﬂerﬁ@ﬁyV\Uf He. noA-addatilel ineindig @an intlude, but is not
the inventive systemtypically includes at |east one

limpech b KM Siagh watdsy k&aré &aves dngluging drivpeiisRAGR argys, floppy discs,
mlrf? %n@@y Z?nlg 8riPds M’Jn?org tla&yPéMéI%bLa?dsb lﬂe?p cfpgfraalu&r?\ﬁes such as CD-ROM

dm{ee erHef/IadrMesLSRWaﬁﬁ)Ra)Mrdmesw DWD ddads, hlagnatsiopgcanlyives, and the
varjiety of bus archj te tures anﬁﬁfr ot ocol s. The
hkeme The WIPpS érzeﬂmcgrYﬂMEeruHr@gld«? O tsfqrageehrinigryaiioq. andzipgees. mcludmg
bl h
corflfer A, 300480 TN LSRN AL BB o conguin
indivoduaRiaps Eir@diupsaff dampd)alatd gifustaredy progganh nelduthisn@perating systems, and

ves i ID arra floppy di scs, 10 mni-drives,
Oth%ciﬂtaoﬂsﬂgg% §1 cks, PCMCI A cards, tapes,
ODtA%{w&k'lﬂﬁffac%‘ﬁrboﬁﬁle@% ﬁg\'ﬂ)usdtf)'p‘f%de mﬁédevt%sthe data communi-

drives, etc. drives, nmagnet o-opti cal
catldnlneesorka(MN h&AN; tmd/or'l' lhﬁema‘r)dbthdmge yoftdapeegmong the various site
rovide for stora ,nformati qn and i.nmages, .
conf M o B UTER - R H AP SL P GOMPBHEE G5ires, and service/product
supB Ve @bis ab) %pbﬁrﬂ?ltﬁ’é 8%tent, %chﬁﬁtﬁﬁlefso ﬁs RQIAIEH 9YhE RYstem also includes
I ndi vi dual lanps or groups of |anps, data structures,
at I?ﬂsbgneimrmmw elsterfmcalplqclgoébebm prawigle @mrmm@mouaw@ configured

. used. hy.the . c ut er A net work. | erface h's
ma ) BTy REVREL 5T b S6VBENED PO IR’ Beh Bhancpabsypads. touch
pads, OfﬂaSUEH detiodd, AfcRBAIRO IskarneAN.privié, pasleds, midrefidRty, memory media
for exchange of data anmpbng the various site
readesnpuriténestablet cameras.auedroms, neavoik eards, R ofdbaroatiromdsIR transceivers,
and%’"f’fét i ng devices, and service/product supply vendors
f'OF s‘ﬁpport of the system and custoners, as needed.
Th A S &9 1] phs@arh MEd diltiR T ar Be Sorddeiaghe MRMOPE Th@ENGIOS, server system
interface coupled to the bus to provide conmunication
progiapms, H8M pysiere @rograms\Apglieatiop aregadsaandyehercregragygpdules and data.
In aﬂ%ﬁ%ﬁ&gg %ﬂ?dnnnge@@h%éﬂ%agrg ;ﬁmflﬁlg%: b‘glg :%? ;&?s?xgl%lgﬁéln gﬂgﬁg several computing

devivels bbwled toshe akevosk, anid asepiomeded. Mdfieh v pregiam is executed the program
readers, wi té@g tabI ets, caneras, nodens,. networ

is a&lﬁagspaﬂpzﬁly fop m@fbfh%“%‘é“l@@?ﬁn%%?%ﬁ‘@s 1nng6thq§gor implemen-
tlnét tlﬁlg %;;}Et%ﬁo@alv%rhﬁ%ﬁl%l,%ﬂﬂ)ﬁﬁaﬁ'vwgg.),/ Sense@Ni élﬂgl V4L 6f Ia_lgﬁplcular con-

nory, 1nc server stem rograns,
tamsly s hgneapipbg vae, thmhblldC\ailue()narphl&glr aoming Aswteantng rclassiﬁcation format-

, %r am nodul es and dat a. “o‘? a. net\/\gr ked en [ roEE
Ungts FRYERy PR S %Cgmﬁﬁvc%) HREHqNs dRL ATOSRSAY ‘“ssé(} gdperein.
Conﬁ}gds@%\h g%ﬁb&ﬁ%aﬁqylﬁh&%hw% (IRRIINRIMADE, offpr D88, 8ferational and

needed n a programis executed, the program
related types of data are stored in one or more sets of data records, which can be configured as a
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Is at least partially |oaded into the conputer nenory,
and contains instructions for inplenen 30 ting the
W@p®Ba0d9ehal , conputational, conparative (e.g.PCEENNOTU072096

i | u Lcaul ar - [ her: ir_ s | e
relaf A ltab it B s PPk} MO meb QR LB TRy Goase. s wet)
in wiliéts 8ath r€dkdsOdre ob @hidRl in tdblg, SuehdedordiOmayp bt REledtdeNshsociated with
comuni cation functions and processes descri bed

onetapdicn purshant fe qredetgyaringd andaselastable redationplyps tropibat, for example, data

Lnel udi hi st or. f..operations), operational .and .
e 5 00 DY 5Pt P PR s AL R B0 B gn ncter b
andOthe @@fralatief @F dadividhlCiateanis kallgsie ffbgtehaeligs od scen Vi¥dintout or other
2008/ 002904 PCT/ US2007/ 072096 rel ati onal dat abase (or
actipisy RrsRal {9 e inygnavameHiodand spdefor k, or ot her type of
dat : ' [ r : .
oo Sy AL a0 08 2 ASORARE Sy motcs pei
indiagmal aatherdzad, tantheotieatah atdreto pongaateath pnedpeakioh radividually, as
d I bl | ati hi ps, that, f | e,
desihied B WS rFCEES (B 8 YEdk POIRTHE A SIOTE Cata reports, provide
in . i . ;-
LB BRI ByE B S L ot ML ) AP ot on
furraad bpdvhteorf systenmetodbe pargcdar sedeefy given ptodutt I8 protdseing furnace.

actjvit ursuant to the i nventive nethod and system )
Thehegrebanin e Fig Bylasy E‘ﬁebafy fipase Sasratian PracrsssQy. g cxemplary firing

| QR G 1€ iff$ rag ihdFhyd | typi i -i
eS8 2 00 YME TR 8 i S S48 iy v i
temeppateadisplay¢dehi ¥ cohuail lcympuatsr didplsy,rtolsetdhée held sppesid) which lis constant in all

sonfSascibt Bet s ntousghuoka froges T AT T1Ben Ehiiegre & oma profile
in alkdohbs 14—t SvHAH isWré-kel6@sd For PparddlIf dRaAGAhatbAR to be fired in the

i nventive nmulti-zone fur nace operation systemto t he _
furnpeg.t Thau pee-sahestats poé-set priofiémiprhetlied ap@ngr ax@swiahgun profile (without

prO%}%@plgf fr%w’%%pgxgggsﬂ@eig‘g%%oﬁg};%goﬁl tg% g&’ypgcpeletﬁé)rgcg\bcfg?%@?%ﬁ§creen profile

cureltfiéplés shown in Table I, begins wth configuring
zones 202, t%/pi cally via fill-in templates displayed )
on Epr zone rconfigeaien 8P4 dhe pperptionsoprogtan lgppdhmouglhsaeh zone in turn,

i chyli S ' .15 n Lt i .
s, 6B BOPED AL o PRER s PR o the e arr
exh@@0 fangthehigh drvelonedvepiedperfturel dlardl dettr@e emdlife higﬁ%nd low temperature
which is pre-selected for a particul ar advanced )
set peiptsyfogthe lgmps. fhe Bgak HiringeZone isenggurel 208, setting the compressed air
. r.e- t z r.of ' C I .
e 555 B B 0RO sl SyBRE TR PARLDEE  on o mor
growpst dTeaips d0h ?helt ho) b cbﬂﬂt?rrfl Lt? nhe eniperydireducreasgnelirve required in the
on-screen profile curve display. 20 _For zgne )
peale gong b@fss@' ith léolzi@fthﬂwégﬁnal@ %GH% I GRSy seHing g compressed
: i . i i t > :
o SRENFERR,LP S SHEL Qb1 10, S8 uench Zone s
configulad €42 diyadettingethb danp vohage, eftkerhindividually loows a group, and the airflow
over-tenperature alarm settings, and fhe high_and | oqw
(wWhica,f38 rapegEom gere tdhadesirermpped tp émﬁéfle q*FF‘é‘C%)e gkna_%wr &ﬁg*nneal Zone
is céﬁf%lrécfﬁ 08§ 's&Hﬁg q}?ezgﬁrauﬁqg&dcgg d?"crf? AT 1638 86k HBhge tube water flow.
I nput to cool t anps and the [anp voltage set
Optpabihy,safieblt herinlehpbris (didalahg/oobotsn wabs)aan o set. 25

gr s of Janps 40 in .the,zane) to conformt e . .

D iR Rnetn Saubltofivibé ke Gertinddhofalat pawn in the logi
portidh_0f F8gFi80(refblenchedbuldt BBo @il Z48NPig. S1)C AR theUB&R-out Zone 14,

210 by setting the conpressed air supply to the air
therkiocheplemih Sehzenst oytpuit sigedls dera¢senong senstariympathmre levels. These are

St op- Quench Zone is configured 212 by setting the

| anp vol tage, either individually or as a group, and

the airflow
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(which can range fromzero to the desired anmount to
stop the quench). Finally, the Anneal Zone 30 is
w@omBiogpee£d 214 by setti ng the exhaust i nducedPdr/E$2007/072096

f an eat exchang Optional ly .
con A E it BaR sPriongrt § e FRuSara Ot SRR e lamp poveer i
maifRihede2 R HowRRR, ﬁoihE' CHHAL 4O Mot TP WEEHIP Ane B phdABREE a PID-type

operati on net hod 216 is shown in the logic poftion of
confrpler agjystsethe learreovshi3aP gt e tltfemna(dealttscremrgpropyr vallues.

th t t h .
B ey S
for divhsiempree gratibs \WP12RR3 A9 8R4 My HSEEQEMPLRAD04, to the set parameters,

conpared 218 to the set points, and if the val ues are

andyif tithin gk sqletetheange.sthe twétagean@fq&mwemalnéam%m aivhmas if not a PID

var, i the va ue th|
con?rgl(fer rr%ﬁ \(/egr?ss file: Vq,_l,{agq t?/ 6%e a 2§)r%§l ﬁlegpecggkg & é)l‘]{lﬁ c]? to within the
proﬁEV\ﬁC Vatagd RbhtroltdTehd Iafipow éﬁ fefre@ s ﬂleﬁﬁ@d&ble control.
val ues. In the peak zone 1 vol t age sensor

si gadhe Queneh ZoaplBothsl teyrperatie b sxmPedsyiamapfiling 230 and if within
r
proﬁl%éthg %ﬁl}ldvégptgg E{rq%rng{é I?iréﬁ{glg{l DAt 4 he%gltregfsa 1ﬁ§?f§h?%¥hala§t or compressed
air Vdltidsi 10 thél airdelifecire ddjusted @34 ttbdrivglthagenpiailitel 8 Wwishin the pre-selected
mai nt ai ned 226, whereas if not a PID controller
PrOfEh]GJ usts the voltage to the I anp(s) as needed 228 to
bri | .
co nI? ghelt @t%P @ﬁe‘fl&i} Z&'Bg\%{)f{}hg etrﬂ%ratfrﬁrg]ﬁg h‘lo’ﬁl 0@8: 2\58, 498 within profile, the
lamt\lmdatagmmuilm*[mg:mfrﬂle md_ucéd]dﬂaftda@tethe fdoZmnt&:ahBAnhbr& Zone are maintained

erature i mtoedwapro'l' 230 and if o
238w“f fegs if §oty thg .ffnép veHReealsy a%v%vf 240 {6 orizg,th femperptare back within
profiRl ntai ned 232, whereas if not, the exhaust or
conpressed air values to the air knife are adjusted
234ntthe Bminery Aone 20 ethpdemperawrd 5 motitored athane or more positions along the

zongr e S | ect SBie ég hg{uzf@’rtg!a Ig%l%aggt fgt ogti_tigj \?\ﬁn{r:\% Ougqedoféﬁé\l gvthereas if not the

air tﬂ'&@v of qhe ‘éQhe{lﬁg Farp il a§j%§t%ﬂ M60fo bARg itREUERFerafual tbaél@'%vnhm profile.
in the downstream Anneal Zone are nmai ntained 15 23

Tprweacs lanfpsrotother heat|santse yetheraigan xhagslj grsesclom 4l qwﬁnch and/or stop-
n e tenpe ure back within profile. In the
quemhg% ?{Spgg’ 56%?1‘ ﬂ?@ﬁﬁ%‘? ature is nmonitored at one or
INmygf:R@@glAppnpcghmgthe zone, and if the profile is
42, the exhaust fan setting is maintained 244,
vvheli daslepf thap the merenta\fer thalt @L@n@rat isodation Haedite et peoling channels has
w1d6948pﬁ1:a23?11t§ fbg p%(%#e? ng ﬁ eén}rlggﬁ gltrﬂ%lsg br%%ﬁrlm t tﬂ ﬂlat furnace systems

fittddowfile sudhn@bd @ ¥ auls ha@amgtaﬁm Prédessity ehahtagsy /namegt ﬁ@ter throughput
quench zone(s)) are provided in this zone. | NDUSTRI AL

dueAppthq ghiBiyLtp Pyetate th lemisat ssxatialnd04% vatad F@Iéacﬁé dgr on the order of 2X
or r%o%r@e%m# ?&l % Rt QE%B{ %I'lal’ﬁ q f‘e NG Elife g&ﬁvered heat can be

AppEicabi ity oce sing of a vénc

recFlib td atter natsr bfkls, pfd&eishaﬁchﬁdmglahe dsyiag emmel pi2heat sections, thereby
fitted with such nodul es will have substanti al
redyipE BOSFI NSy £Att&ges, nanely faster throughput due to

they 3}%11131 by ufl&’er B&4 %@V%ﬁﬁslmﬁcﬁbn§ SRR thalst dpeIHUE invention can

rated capacit or on the order of or nore heati ng
be madeebymbmdwmnrdmrypskn]ﬂmsﬂngirﬂ withoult ideparting frahdthe ispinit thenepf and without

un Sggéegéggqtqqg%h oggqu;ﬁ%le,oq, %q%grg%?goof&%tg}%%p% ggislqlg{%e heatmg elements,

IR ltaﬂl%ﬁ ‘ﬁan/ be used. Instead of a channel formed in a reflector block plus a transmissive plate

to form isolation cooling channels, the heating lamp may be disposed within a larger diameter
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reduci ng process energy costs. 30 It should be
-under stood that various nodifications wthin the scope
W@*R00B/002904 nvention can be nade by one of or dim/y82007/072096

aue b, S0 e S B BB K pressvied i o

othaxc@mahg ga The@eub&NGa b@fd@@%ﬂelh%adday RURY tRRleBamic 1nsu1at10n (for the
heati ng el enents, IR |anps nmay be uSed. |nstead of

uppeh amd@?e)i eitlee ditlh oa w1&r0|ué vewicalobafks hens batween to optlonally eliminate

e AARER 8oy by T R hlspRuBMGARsa 8 Mealtpicqyits channels cut
or foahgerthétiedyRiagr be gﬂnﬁl‘ﬁ) 2808 QR MRETH MIS2Q0Ah 127 BB&Ginsulation with
quartz tube and the annulus bet ween them forns t he

trlaewr. 1?160@5 &8 sigidagayaterial fi gtm@@g iestigaldbadfles Gese en, lpeint down for the upper

mo@ﬁ?)o g@agg?s;?nﬁg %Ie :é&[%; eefI 'vfiﬁp&f%%r F@as% n%]ger %ent In another
altegidtie rconstiuetion, phaidheloth var bd: Ql@dpebdf(fﬂl&ﬁ)pbﬁw sideeialBeiR a corrugated
to optionally el i mi nat e tubes heatin adjacent t ubes.
pattpie Widrthe epnsavesdowr coHyeations rieg Hy Is inpwhichithepheat lamp tubes
b
e SRR VAL R SIS sy 1 e
altetriatig® gubadinmines; else Bblasionisystemnwillepéralit 61§Hrmﬂwth\tq:rrb¢asalzone at other

baffl es (base up, point down for the_ up npdul e) ;

than plEQSPRRLITG H’fé%suﬁf‘aﬁn@) &vithy qfer than @ﬁethélhé@n w rFﬁ""W&tITEPCCSS gases may be
I r

usey P10 1k BP CEBIHENLs cdfly AOALIAT aq EbORINRY R the ribs may be reduced or

elinshated wal PIsC |cnn‘aoldmrdangm extd tpatrbeidn,selactablet ﬂnenus. of process parameter

concave-.do cor s for ng the channels in
coniji dRelEdiBe e o| Lﬁ%ﬁe? 1t 5pesq. PON5E T BRE or Seigeted jpubstcates, peak
temgéi%futr«?s MHQ%é hat Spl§@ﬁé&%§ &bol tdB@m'rBe?x rd’i‘)ﬁﬁﬂ% at! fYfv rate, heat exchange

plate. In all the al ternative enmbodi nents, the
ratej swod ahée dlkesﬁ“iltsemvnnmd)n per tmth 1tspecnab1natg)rt hed pobeceswbination aspects is

e.a n at nospheri c ure nd with . .

thesfRRE 1S b r bY R s et g anpeed G scaoadtidate prior art wil
perfRYarBin HER DS tHN Spealcatiot ifaRel | 'b@,gmbﬁld Sd full AdbSE Bétrent and future

and controlled, and the ribs nay be reduced or
equsialenisrtheredf. A PLC controll er can be used to provide

sel ect abl e nmenus of process paraneter 15 contro

including but not limted 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 conbination and sub-conbi nation

aspects is therefore to be defined by the scope of

the appended clains as broadly as the prior art wll

permt, and in view of the specification if need be,

including a full range of current and future 20

equi val ents thereof. 23 WD 2008/ 002904

PCT/ US2007/ 072096 CLAIMS 1) An IR | anp heating nodul e

for multi-zone thermal processing furnaces, conprising

in operative conbination: a. an insulating reflector

body havi ng spaced grooves formed in one face thereof;

5 b. at least one IR | anp disposed in each groove and

spaced fromthe wall of said groove to provide an

annul ar space for the passage of cooling air between

said | anmp and said
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groove wall; c. an IR transm ssive plate disposed in
contact with the grooved face of said reflector body
W0 2008/062904 i vel y i sol ate each |anp from | anps i PCT/US2007/072096
%gcent grooves and to isolate said lanps 10 from a
CL ess zone of said furnace; and d. said groove forns
? O Mn{pQTe'aﬁﬁé InbBuRYS RERi- SRR IthGHHa LA ob & %,fféﬁ{abé‘seké/mpmsmg in
i rect l1ght™ fromsaid | anp through sai
Operam\aﬂmmlssatm plate into said process zone. 2) An IR
Ianpheatln no S|ncla|m wherein s raove,
| 90 o gtiA g T EHOn 553 By Ereiinabed SHNES Bt ofe 1% Thercor
geoarreznwasﬁ 8hEM Rehyf diDseeREdah biooRBaAP§PacEd from the wall of said
liptical, sem-circular, 157triangular, square,
groowetﬂ piogide an apnuler spaee foir dad pasgige Afi codtingzaimbetiween said lamp and said
he as in claim1 which includes an end port at
gmoéé%&‘ﬁ end of said channel for passage there-through of
a gasaf W reRelitsie plde W¥Pobdd ihabRabERih e sl FacSofishid reflector
claim 3 which incl udes exhaust ports conmuni cating
bodst tl@re@f@ghveétaiselmwhmm freaclamps inadjereohaionedssinddaiisglate said lamps

exhaus d| sposed nedial of the 20 | ateral
froman%rgces %Ifg aﬁ‘g‘éﬁ ?&gnd said end ports being

adapt &4 gl@op@ﬁﬁrm@ Qqhgmg réfRStivdsurhee asrTiduvéd toleglesB@dly direct IR light
said | a and the surface of said channels input at
fromssaiddlaex@d gh saifl SR gmpgmisaiye alate ifhspidpropessizone. 5) An IR
%am r}%a{ﬁ?#dllﬁl ul?sct rpcl&lnﬂ %h%re‘ﬂt' gﬁ{l(? 'gfboggs c%nf %@feﬂ with a
nd por s Pi§3 f or “4Eooly he

transypRo sRds-8aiop@ebdbme Sy a&le@eﬁ]ﬁumt geﬁ&fally p@rabbwlad, ellipdicalngemi-circular,
gas is introduced in one, 25 port, cools the |anp by
trlansﬁléélsa\gar? TS tRRSUAH Pl (13RS Z9édake e n the lanp and the

pp(gl?z{? %J‘fe dn % Hl%g‘;ﬂg!&ﬁl | Rg’]n? a?flhgé%glgﬁdt gtsatiel’gl]ch end of said

chanatlaforp@sagdel thbre+tlm©|ugb| efa gts foe aenhrxgn e ex h au st air duct
for cI e of hot cooli ng rom said
DrandBiigh ﬁ@%qreéﬁ?%%e 5 SR ﬂet PRjs coprunicating
r d bial of th
ool 8865y Sy hectr VAT F’ﬁ%‘*ﬂﬁa‘%"’% b o
laterfledntls bbHsaid cl&mspis,ranidrsgldmnddmrts being ablaptelt wawsserbling gas in the annulus

eERmgouS L Quah. el zoncs. and, & . coollng, SYSLEM. i

exhafist Rkt.| east one of the zones of sai d furnace incl udes
an IR lanp isolation nodule com prising an insulative
¥ efindBtlamp beayngohodule ad imtadainndwbetell oteantisaig end porie is an inlet for

face an of . gr.ooves, 2008/ 0029
coolinEiesand B SPpoGe AP R p B BT b o0 e s dntroduced in one
port, %613 tﬁ@laﬂlﬂy%ﬁn it the 2ah#lud Hethva@diPthe RARS dnd IRMUEBE: of the channel

wal | sai d (gr oove to provide an annul ar

and @@@llfitﬁ@lr@l@dbe opprge@end Rrt.r ansni ssi ve wi ndow i n cl ose

6(':)0 % tlgl\gg % 1?18%%18 Ny 1endc1£1§{:§ w%f célslgll:lﬁderseaftll ectt (g)nre ex%glyst air duct for
recydBio€ hotl doghitig gascmah&astai ﬂr&nlsa;mamemmﬁsﬁemdo a 5ed@nd Pr@@RSsing zone

supply connected to at | east one end of said grooves
of sajdy Uasei de cooling gas to said groove to pass through

al i | i . . .

7§r g%slﬁﬁggk%e\%}zn%ﬁ zt%gg &% ?]agﬁligtheﬁﬂﬁ p?&%sssiﬁé ﬂlr}lﬁe, said zones including a

conveyor belt for transporting products to be processed continuously through said zones and a

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,
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c. an exhaust systemfor renoving heated gas fromsaid
nodul e grooves as a result of <cooling said | anps and
WO Rospeas4ri ssive plate. 8) An inproved nulti-zBEEUSR07/072096

o e W B T P A RA B  iheDE§ e sic wat o
said gfblokr@ td ok 1@ aA ARBulaPdoofig spark! Oe\&ﬁlchanR thln‘sﬁ%%e'vﬁnﬁ@sm?n close
t her nal <§gx cessing furnace as in claim8 wherein said
9

contest Railssal oead) fﬁ@ﬁ:@/ﬁﬂaéhreﬁacptgu bashytte @o@g sai &mpsafiorh @ raocessing
zone Aﬁl%%hl&q ﬁ%% frhox ?é[}id QngrnPsRﬁ Qhrr% n?} a drying zone. 10)

i-zone her mal processi ng
f ubnag gasamipply cwhiaddiddSo\Wh R dhe $ad 8f sal® ?fdéﬂlaﬁt%%rowde cooling gas to
i ncludes a tenpering zone downstream of said spik
said giaovhp pash Ehroudh) saphanmwBisde eeolsaidilpmp ené saldzIRampsmlsswe plate; and
tsgg(rj & nagéé% rﬁq%rf ?Séﬁ%?%%ehgétted gﬁg %rg}ign salldomo%lﬁﬁ ggoovgs as a result of
coolmpdaid ISrhpsparﬂiJm;h‘mﬂﬁiaave plaey. medi ate  between said
§p| ke firing zone and said tenpering zone. 12) An
8 mpndpeaovedinyltizope K fanpthermHavorerssing Braacsiandn elgion 4 veerein said
zone includes at
IR 1 o T R Rl £ AR 0 e mg. € he
9t) en&mefr@twed noflti-zohe TR Mrnp)ﬁheﬁl@al @rm@sﬂwﬁfrnﬂehﬁ irdSlaint § wherein said
ts said spike firing zone
exhapig| YR IHRYCIR spidrhsaied gawstrsalaé@ @she@% Opg, Pﬁ%\é@nagut izpne and a drying
soneCl @l m 12 wherein said stop-quench zone includes at
| east one IR lanp to stop the cooling of said product
1K)b1 Amnqnavealtrhuiﬁ -dooe IR darpe thengali proseasidg &rnael dsrig claon §. wherein said

A roved [ti-zon ?{4 §f her mal
urnaﬁ? 82;% ?ﬁéeqﬂ Higzong doyvpstegan) ¢f sg wﬂ% Hing zag; g
1an U@r@in‘lﬁ}gv&ﬂﬂﬁltﬂ ﬂﬁ!ellﬁ‘?t?mgtthérﬁﬁ roe&%ng 5 urdafeRlin claftm 10 wherein

exchanger assenbly and ports for intrdduc- tion
said fwnece dhdledes amamosle of aqucﬂthzgnaamd a stoplouemdp Zoine intermediate

e atur of said praoduct to a desired handling
berw el S it 2 BRI AR S one | R | amp
1DH AR prBV QCRERL- Athe TRNAAE Sre@Sial frodsSinB iUt £Mn %Qum 11 wherein
i ncl udes a controller for controlling the rate of

said qyeagk ponsfinglyies @M‘e@z@ram@lfe asgeyeblp doverpidly redu¢ing the temperature of

idl. | amps i n.said LR I i sol ati on nodul e and
prodé Gicd Sﬁlg ﬁOPﬁ%"@glE it gtspsrabc@?bolé n?%??’ﬂer vely infinite
1B pNgLingrovdiahimilzone aR ilaap aRemsRbéREng Rirkgse dshh 0148 aBtwherein
the zones of said furnace. 16) A nethod of heating

said gepauenchizanamcludgs st least png o leaapstiorstprt the ng@mghsf\smdgﬁraduct in

h h | I
prepeﬁ'gfqo e%%em e?m% ngge{lﬁylnl%%gl% Cp{é?]te tst :egggof :rm2t5l \F;\De

12}3038{ @Qﬁ‘&% RaITiL 2402 @Q'Mrﬁﬁ '&Qﬁﬁal rocREiaY ifethA@ @& in claim 13 wherein
plurality of IR lanps in an array in at |east one

said anegling zopg anclydes g l@%t@mﬁ gt aheat RX@haaE@rrﬁsg@nblﬁ apfl pergsfor introduc-
tion %ﬁ%ﬁﬁ@?edsﬁ&nltsggﬁ)c%oﬂg a1§ qb %n?lg %Ye%%%gﬁlré of, &ﬁ& hﬁ)%ﬂ?t {0 r%demed

In Sal

handBad @nfpeeduel ; c. cool | ng said lanps with a cooling gas
assed between said wi ndow said |anp 5 surface to
S }F ERPTRGE MG -%9a8 IR [unp Histrasli pigcesting Siraeqsrasiin glatrag which

incluBEQFERErol1ETH P @oﬁt%&@é&g&g WAL 6P hig of Bl EoRGoPEREUE power to each of

pass adj acent sal
said IR lamps in said IR lamp isolation module and said cooling system to provide a relatively

infinite range of thermal heating and cooling curves throughout 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:

25



10

15

20

23

d. exhausting said now heated cooling gas; and e.
controlling power to permt operation of said | anps at
wes®snidsd |y 100% rated capacity for on t he oPCEUSNT/072096

cortpr B ST A Pt RETF Tefies  He iyl G e g miperes
t 0 b2 OHek TP rETRE @ﬁﬁﬁﬁ@l\}érﬁmﬂb\%%eﬁi}&n%EJL@H%E?M said conveyor belt-

tenperature with short dwell tine. 17. Met as in
carried produatén whid dhingrrohel dzesollatwasitlemp@fromytpnodgcts aid

heat ed c¢.0o0l 'H as . Qstreamto at {I?eas .
buin- Seing st erap v oM Pafied bE ke S8 mtaq iy sy famp
surfaek ¢ fsx@%mlcoo q%ega@,tﬂdm eR¥riheatd @xeiangte pkécelPregMrtthRfhgh which the
as in claim16 which includes the step of raplgly
belt apdenieduangassaidircprtodiderindewa quench zone j ust
dO\ﬁnSexh% SIH Ofsal arl}?g)v Ié%atecf]&}oﬁgggfts ég&)as& ng sai d product

i nto CORt S directed onto at

| east cdhﬂ@llﬁdgrﬁoa@:@ t@lﬁerﬁﬂﬂ Shepitiod WE baid 1dmpIVR lebRdtialsy 100% rated
claim 18 which includes the step of stopping the
capa@m@f% RRke erresef 2K 9? watrcheatipg rate withentigma WaspA2e OF cempromising

lamp lo i3 ther%f)%?ﬁ%%dlflég ‘ggtso dZ(be@/nluﬁl quﬁ% rrgtugéé llff 4 dsthgl% peak

ct be

tempRiafirawith short dMeflhgge.as in claim 16 wherein said
process is adapted to fire solar cell wafers_and which

7nMethpdsasiip glain d gsvineh wshidpyiieistey of Beeyeling e hested gqpping gas
upsn%QPP@B 7 ﬁ%ég%gé ??é‘%‘ﬁr LR%M! S%Fﬁﬁ? zox?é;tg i erng Ft)f%é;%flﬁgiéeng;%ﬂhermal
Operm(ﬁrb}eﬂl&ﬁbﬁﬂhahgter mal heat ing and cooling profil e t o

l%r Ig/ﬂaltjl?o% asscgrllzcj:1 a1rgell6|vx§h1c 1ncﬂlgesI tI'}TlE rst%\lg% raplélly %Illgr?c%1ng sa1d product ina
quench zone just downstream of 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 controlled level of heat from least one IR lamp 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 to produce solar cells having improved efficiency.
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