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SEM CONDUCTOR PROCESSI NG FURNACE FEATSNp4323
SUBASSEVBRP8/39610  TECHNI CAL- FI ELD | The. appar atus and net hods
descri bed bel ow pertain to thernal processors for sem conduct or

waf ers, and nor articularly to an inproved sem conductor rocessjng 5
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In the thermal and che ers

highly .. desirabl e%ﬁ?ﬁ&@a&ﬂg&%@m and gaseous

t r eat "TeMECHNACAL, RIELD waf ers. are exposed during processr ng.

Typi cal l'y, batches of wafers are processed. in - a-sem conduct or

processi ng fuThac?@Pﬁ@Wsngn‘éﬁ“ﬁh%%%?ﬁ&’e@hhﬁlﬁé’r Pﬁﬁ?‘é‘htocQFFrB?l processors for o
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pr ocessi er I's care tr to e t the d sired
prosesseﬁlmace and methods Bdrprpcessggyns for sem conductor diffusion

processin rnaces with the wafer array and
processi B 8» mmﬁmm&&m&t ation. This was 15 apparently .
done in an atjerpi th&xmtﬁrm cﬁéxarwtpio&%uhggoﬁ%ﬁxdaaaﬁabmmr@qi %nﬁgmgs

However, the desired uniformty was not eaSily achieved and horizonta .
fur nacesdesirable te; u:fdrjarae:duta@du @hmaxlwantt&gesalbemhmeewfs treasment dof Whishatheon.

In sone fu nac anme diff frmt
per f or mi W8 d‘ﬁe eﬁ‘r"8§"qur‘igr'8§ Efgf?sgff'%r Tpidat y’stf:"l(&lt’}{c g’ﬁ'gmfotro Oﬁ\rélgs%gs'sles
Thege f uj naggisontiectop $reeeksttig fﬂJﬁlabé having harﬁ\ﬁrti@ssﬁxgs ch&db&d whichuedn the
| evel s for the wafer or other sem cqonductor articlges, being processed.

I n resposemrallably omclessdex Jdiei BrROsesing ayitopgiank| withins the snclosed aracessing

al ternatjy Si g [ i-cal l'y arranged
Bht or "2t L6l IBa AT CHEUEHAPSY offalt 16 TRoliB 'Sy o2l LY 2rTang
provi de bett eEaﬂS?n&ésﬁénsOfor semlcondlﬁtmedlﬁmsfdﬁ pmiessin’rge fuiaoese s&re gonfigured
pararret ers. U S Patent No._ 4,738,618 issued to_ 25 Robert G sey et

on Apith theowafegserrayard Rrofepsing Shamber i@ darigpptahgrientation. %é’é%?or
I
or Y519 2aSEbAEE oK 3l dshibhgt 1 bBAGF pRARRI hilvinB inBle0fRom) HiractiiBiips, |

up and Howevefl,O\nllib Hesired | miiSormityniwasa noti pgasily i argué\rednnmbrkomzomaln jfammateson

with a likew se noveabl e, furnace, gssenbly. Additio aI I }he fur nace
assenbl ys‘&ﬂfﬂeﬂr mgsdqs%%eggs?,becausenﬁfe 1g qoglguration, et
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" silicon deposition- processes These furnaces also proved difficult in achieving ‘desired
20 quality levels for the wafer or other semiconductor articles being processed.
In response to problems experienced by horizontal diffusion furnaces,
alternative designs were developed'.' Furnaces having vertically arranged wafer arrays
~ and processing chambers were made in . an effort .to provide better control of
tempe'rature and other processing parameters. U.S. Patent No. 4,738,618 issued to
25 Robert G. Massey et al. on April 19, 1988 shows a vertically oriented thermal
~ processor having a vertically adjustable furnace assembly and process tube. The
process tube, constructed from a quartz bell jar, is vertically moveable in up and
down directions within a supporting framework in conjunction with a likewise .
moveable furnace assembly. Additionally, the furnace assembly and process tube are
30 moveable together oetween up and down positions, as well as independently of one

‘another. Heat is supplied to the thermal processor when the furnace assembly and
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t her mal ventivak femrace alesignl providtelpsignificant impnoeemerdsyt further tiimprovenents were
surf ace .of .tge.%ggertz rocess tube under cer.tain t{@ﬁ%rrent pr%gedures. I n
an’ef f ofqunglpdesirable toachicte g tempaTatyge uniiosmity;; eitgr. conteg Pvsppiher

i ssued Lght .-et al. on March 19, 1991 presented a
verti ca?&%ﬁ%?%@%ﬁgt hat separates the furnace into a pre-heat
and post - coolOnsr éesigm challenige tassociated veitlntie pboecearticalafminace design incivdedh
gaseous or yapor trﬁat{ﬁgnt S, are conduct-%_ . . Anpot her arﬁa.of
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and pr o§@g8td @ CieNpRirzAbiRes kit LRIRCESHHN ArdIMEABhrdcaaR2SI I dhagrbaen
conpl eted. Rapid cooling needs to be done in a uniformmanner to help

mlfi ni zto address thgse piraldsmss LheoPatent Mo §;00816G83n dssued vioe Ponalde VE. Hadght
bet ween_gdi £f ere t gRe . - . Rel-ativelv.rapid but unif@rm
cool i ngefsalalognorhggts%‘lﬁr gg’ ?139 f(%r Rissepigd a nY?ﬁtlf%l gbmace o‘i)%?‘g(i\ I %hé?%?te-s the
exposur urnd&e el a prpdear and Posheoot died of evliich theWakié ard pestebRMdid in -
of- the sem _conductor article which have been previously processed. This is

wi del y Which gasequ§gen yappmireatmentsers carduaied.-budget whi ch indi cates that a

‘wafer has a . e X u to.e

t enperature %F{%g%ésrséer% Q'Fh%mgp P{é‘%t (si&gg {e%ﬁ%l?é%% niggt?’ baGre %uxévll\(nﬁ%/ %E)?g%ee?vgfeﬁ re,

bus i nstmay amd rocessings chghbers a@er fHigh niengplefatades therinal Hrgbessingd has been

tenperaturels. (anRnpl,gs on del gé(qerl ous effects associated with added, high

t enper afefpleted.  Rapiq cooling nesds inybetdangcinag wnEorm qnamer dp help migipizet s or

devi at i : L ot L i i f t her
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materials wt sem conductor ar

. -processagferfhus. it-is desirable to bring a batch ofwafers- -~ Being "

P oceeed i R b, R BT S SRR 4 Supigispap o
mgner . overalethedmbp edpSsure. Therfidl tdXPosPERS hafsl dBREGHHNA S8t ldpon layers
'processr? %hélsrée '2 nddu%(t)cf t Sti%?enw%?chr %ggg eb(z:ehf te\rr]'eu ly processed. This is widel
2 o miconductor ar previously p e y
' ~ recognized by the term thermal budget which indicates that a wafer has a budget for
the degree of exposure to elevated temperature processes. The effects al"e not linear
with temperature, but instead have .inéreasingly significant effects with higher
25 temperatures. Examples of deleterious effects associated with added high temperature
exposure include temperature induced crystal defects or deviafions, and undesired
additional diffusion of “dopants or other materials withi.n the matrix of the
semiconductor article bgipg processed. Thus it is desirable to bring a batch of wafers
Beirig t'prdcesse'd. within a furnace up to a desired processing temperature relatively
30 rapidly, and to cool the wafers also in a relatively rapid manner. These goals are

further emphasized because overall processing time and costs can be reduced if the -
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Cha”ﬂe”ﬂbﬁﬁfﬁsr@éd!ﬁﬁ thes& vafagdons BBSommes indi'wdifﬂiwlﬂlafsffa@taf tthermal ramp—
-furt her probl em posed by the use of presently avail abl e seni cgonduct or

vert i calugormdesmmrgdﬁwnné%rsgtsr ase| attepied it othes proRpsyackambsre - dhgERlers ¢ o
non-i ner.t 20 rnac S r m&r T
waf ers HE¥© B%mﬁ? a%QpSQs?Qﬁ ar@" ﬁpde'ssér Ilerg ogﬁglfr%%nnent | r?norxg%l%eélw
prevent redsition’ ﬁbb?cl@ﬁhﬂétwﬂﬁbuﬂaidagﬂadatldﬂlm uniformity rofi prooessed vedfens! dThe
nearly inert. For exa inert gas is used duri certain
anneal i rigrapgowest of heggﬁ&@@ne%ta@iil%?n s &F@i]g%tanecﬂﬁm é]i‘? PIORSFTING ng
t h are a r S EBark

- gas sﬁlﬁﬁjbef ‘(:)ljr‘?gte%rlﬂ &1@9% ?ﬁermglnts}te%élﬁlsﬁt gf%@é c‘ﬁg o%? gas s?ér']}g@écanéﬁﬁm
l nt r oducwhiehnhakes)acvusate rtt)mah'he cpnivok of ithey texhperitare dunng Tamipragh 1mp-dewh

pr ocessi gases. The hi eratyre condit xi ng of
processi‘ﬁgl gh%r&nmtﬁmpﬁr tecoe 1%8&%@P8¥aﬂ?£@551 to introduction of
osuch ...  C&NiAfh | fRESue oIt PRisesty KONV REnifddridatR?
" ‘bei ng pr ocessed &a%ﬁblem %&sbﬁ U’% 'S gl o) g sngnl ficant pr otlgll em wth

__.r egar d .. tertichlh prdxessihgnfurnages 3@sults sehencpragassing gasesc @t |eng°snést<e nohrigits
o G s S BEERE b, Do a0 it

P T / US98 }1043<:2%ntrolled \e\%vxé%l}rggxglbn order to prevent undesirable oxidation. I.deally, tl.1e
environment should be nearly inert. For example, inert gas is used during certain
annealing processes. However, materials which are not completely inert and that are
in fluid contact with the processing gases can produce off-gassing of ‘one or more

25 - constituents. Such-off-gassing can introduce contaminants into the processing chamber
which mix w1th processmg gases. The high temperature conditions and mixing of
processmg gases within the processing chamber can lead to introduction of such
contaminants into the wafers of other semiconductor articles being processed.

There is also a significant problem with regard to the handling of

30 semiconductor processing waste streams. In the case of semiconductor furnaces, the

processing chambers are typically supplied with various gases during thermal



processi ng. Since processing pressures are typically atnospheric or

subat nospheri c, " the flow of processing gases into th Waly)
chanmber WEf$396¥8 an approximate - - flow of spent gases W@ﬁ@%ﬁ -

processi ng chanber.  These spent processing gases are typi caIIy at

relatively high tenperatures which cause proble dL|n
di sposal . PIOfi§SSiPRer aNCe BIOREISIE FIESHES 3P WPW@E’SQ}F?SH \aAmales ﬁ\lﬁ?%%%’h&}a%’t e

stream 5 it | r )
and ot her t}(l:%ny deratl onkﬁﬂg %&Ie 3“%83 tﬁgﬁéérég)rﬁog gﬂég%rg%egugﬁa ?onrogggoses
descri bed flosv @ifrspent gases BhEEhOPBRRIssITE habiber. HETHERABBprocessing gases arg he
preferred, enbodi ment of. t vet|0n|S|IIutrated|n he acc I'n
o ngo. PRI & plRbvel” BB e asres,Whioh | HuSE probledsy, 187 BREAHE ha'*
perspect i WespbsaW afin@d ek & %eﬁ’eédefdr' ﬂﬁ}mahgfd&ksoeé YafiiE0 impfovet (vilde stream
to this |nvent|on . IS a perspective view show ng the

procéssor outflews whichican bermore easﬂy b@l‘t(ﬂ#@ns broken away and removed to

vt onal ot oo iSRRG S S SaRRC s 3 o i mored ook Snf prosees
portion f gesdrikkdogedeipf the thernmal processor of Fig. 1. Fi g.

4 is a sectional view show ng a | ower portion of the furnace heater
assenbl'y'm&mmfmwm of Fig . 3.

Fig. 5is a pl e th | .QSAhr S f

par: 20 Cof (s it dutBRbnCht R HLRGE SRR OB seeob i
6 isip botﬁ-gmﬂgsemw’h arel aﬁeﬂyrddseﬂbaf bta,hﬁv heati ng encl osure subassenbly :
shown in Fi Fig, 7.is a sectional view of the top portion

taken al ong | i f8g717is0# persgective view of a preferrad yertigal; thepmploprosAssop|asaodingy

of the bot heati ng encl osure 25 subassenbl y.
Fig. 91is éms ?x}vekxlﬁﬁnw ew taken along the line 9-9 of Fig. 8.

Fig. 10 is an efigared papérspéctivecviewnadhowisyy mbop:degssaeréf @ig. df wille soame
pl ate assenbl y and pedestal assenbly shown_ in Fig
Fig. 10A ioTHPNS hr@?@eawaxtam TEIRRNS o Fovsib integal rpommeflweoﬁ fhe system-

regipgn 30 - Ofgll g3 10, sectxon?l view shd:ﬂngg i dphe? poHBoR! BF &I RMRE RedtesSe

support portion orm ng
4 ~ assembly pomon formmg part of the thermal processor of Fig. 1.
PCT/ US98/ 04323 Fig. 4 1\é\oa9s8e{ %on:]ﬂ view showing a lower portlon of the fumace heater
&2 -assembly- portion” which compleinents thié contents of Fig. 3. ' SR
.- Fig. 5 is a plan view of a top of a heatmg enclosure subassembly formmg part
20 of the heater assembly shown in Figs. 3 and 4.
Fig. 6 is a bottom view of a top portion of the heating enclosure subassembly
shown in Fig. 5.
Fig. 7 is a sectional view of the top portion taken along hne 7-7 of Fig. 5.
Fig. 8 is a bottom plan view of the bottom of the heating enclosure
25  subassembly. - ' | |
Fig. 9 is a sectional view taken along the line 9-9 of Fig. 8.
Fig. 10 is an énlarged partial sectional view showing portions of the base plate
assembly and pedestal assembly shown iﬁ Fig.. 4.
Fig. 10A is an enlarged detail sectional view taken from the encircled region
30  of Fig. 10. | | |

Fig. 11 is a top plan view of a base support portion forming part of the base
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pl ate assenbly shown in Fig. 10. Fig. 12 is a bottom view of
the base support portion shown in Fig. 11. Fi gcTAiSosion3zs

enl a_r'ged“s‘é% %Mul view taken along the line 13-13 of Fig. 11. :

Fig. 14 is an enl arged partial sectional view taken along the |ine 14-14 of
Fig. 01915 is an enlarged partial sectional view
taken al &t late seﬁlb esngTSm Ffé 10. 11. : . Fig. 16 is an
enl ar ged pI an EilgeWZOis arbcﬂtdmdvlsWr oDthe dbaselisspparhpontiom sﬁogn fi0Fig. 11.

Fi g. 17isas nal vi ey taken al ong thellne171 | 12, The
cutting ke ien penjarged sestignal viepo fakep 2l PPQ‘ ing 18 1385 Fd8t & 1how

bott om vi ew of  The air di s
Fi g 19 iR.a perspectlve view of portions of the base plate assenbly shown

it cuts throu t N3 &/ in R ar%%dgtaiﬁ{tjlr'i}l g%ﬁghgﬁ takep aél-on% éche lme 1494 dBFigs 2

Fig Fig. 20 |s.a perspective view, of the '
out 3 ow i nner F‘lgnells isneRvsnlaseed Qamfg squ)na{ View ‘aken ﬁi"@g ¢ line Eg rigxi Bifed
perspectiye view of a baffle array shown is Fig. 10. Fig. 22
is an enlarged perspectlve vi ew of the pedestal assenbly shown in Fig.

10. . Fig. 1@ 5 28 endargedIpbark vitvagifaan sirodistniputioprdisie shewnfinr R el 0.
control systemuse t he -t 0 F

F s 24 5 e DFoRisa Pl gy PEr Blpryfeane Sauld: o Big | e, cultiog
the ?Iaﬁ@%rfrﬁ R70fsEA88 'sh8wn indFigl 16 with regard to ho'ﬁ} 9& cits thfoulhOtHRCkKir
diagramiilustrating power swtching ci rcuitry used.in power .
cond@ol | edistribufiog. dizk. . : Fig. 26 is a tri gger CI rcuit bl ock

dlaramlllust t| tri r CIJ‘CUI used.in, 25 h ower controller
of Brgn 2a S iy 1§18 s B3iom visw ok e i Sisegsim, i R oy B
Il Tustrating C#&Cklsg?s”‘irﬁér@ecﬁbé%é&rd&“g ortions dfstﬁé Mee@aepgeahb Eﬁé&h'xﬁr

~ of Fig. 24. I S a power mneasurene circult "bl ock
di agram i Figusith.at i ng povver ' maasuremant circuitry used in the:power
control |l er of

| t I t
o ock_di agr am FigaS ds.a Rerspetive: wiepr gt the utliiy hudr Bundt sha¥in, iy Eig . "
Ci rggitry used%l ms &a\ﬂefpls@éu petspeétivd vFévasonAl baffle array shown is Flég 10.

Is a scheimtic blo
d| agram showi Big. 622gmen alnlarged paﬂspeotlv&rmiew of the pedestal assembly shown in Fig.
10.
e o mss Pigw23-is a block diagram sHOWing a prefeifed furnace control system used
--:in the thermal processor of Fig. 1. e
20 ~ Fig. 24 is a block diagram of a preferred furnace powér controller used in the
thermal processor of Fig. 1. |
Fig. 25 is a block diagram illustrating power sWitching circuitry used in the
power controller of Fig. 24.
_ Fig. 26 is a trigger circuit block dlagram illustrating trigger circuitry used in
25 the power controller of Fig. 24. ' _ ' o
Fig. 27 is a clock generator block diagrém illustrating clock generator circuitry
used in the power controller of Fig. 24. | | _
Fig. 28 is a power measurement circuit block diagram 1llustrat1ng power
measurement circuitry used in the power controller of Fig. 24.
30 : Fig. 29 is an analog/digital converter block dxagram 1llusti'ating integrating

charge balance converter circuitry used in the power controller of Fig. 24.
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functional relationships with conmponents of the thermal processor of Fig.

1. Fig. 31 is a preferred outflow piping arr fbszesed W th
t.he out fWOWBRBEPer shown in Fig. 10. DETAI LE%HgE%CRI PTI©N OF
THE PREFERR EMBCDI'MENTS 5 Ther mal Processor Generally Fi g.

1 shows a pre r riical r r or, . r t ' :
i nvention. pPr(i): ‘s?’gr Y§O£ h%cgma. ?:ng’dcﬁ’ d%% 2,Sh%\|gf@tccagi%gg%,l g%‘?:tgé]ﬁ l"siagcé 4,
top |5 aﬂ%hctioaxal relbﬁ&ﬂsclixli’pﬁwiﬁi gomjmnémzi\?fatheumbﬁnal?)f)rmtmidfrFingl‘.ace y
panels 7 ich are used t proyvi de a general coQvering and. inproyve
appear ance of F!&iéb\'/%PaRrP?%h?‘F‘?§°WnBW“18) arrangemeng %géﬁ‘ﬁ‘l‘ége °3{h‘¥"éc°é‘°ler
panel s 751%‘,911@{11. hgg to a structurat--framework-24-(shown = in Fig.
: e front 1 of processor 10_includes an access door 9

whi ch | sSDRITATEBD i RIF ‘ EHECPR BOBEMENTS | oadi ng
chanber 11 shown in Fi ess door 9 is noved into a retracted

2. A
co'néitioﬁhﬁﬁm&h%‘iﬂcﬁssﬁgnﬁﬁnﬁ‘ﬁéﬁator to place wafers 15 or ot her

semi conduct.org?%t ilclsﬁgwgngo?@mréﬁf%\elﬁcﬁlhﬁ{%ﬂ) rbB&sb LAY McGATRR o TRANS

11. Loadi ng conpartment 11 1's enclos to protect the wafers against

cont ani nidviention. Processad 18ehases ftané ¥, tracki 23nBrsbsidend,esecondiside #héopmdf end,
hol di ng {he wafers..in_pr.eparation for.leadi.ng int e, pr,ocessin
chanbor , PRGNS A AhERGidr & BURBEr pffRior SUfgPaRels 7 WHRTIL AR RSSO dPe: s
havo beegd B Ve GehbRiN doverilf OHRP Hnpfovedaifitarande of the overallFinfhichihedkifen
shows that in order to further mnimze contam nation of the wafers

andOt he fully edsembled. oPuxfeen panelsint erd attachedptoos estnictuyat Heamiesvork24 t(slzown
| oadi ng ., . ihanber 11 is separated from other sections of the thernal
processof? B¥8séder al _ . internal partitions 1la.  The | oading chanber
is preferabl ypupsht $dofVpidtebicdM( includes ah idck&isedodt 9 WhicR! #€mounted for
environmental gas to reduce contam nation. The preferred filtered 25 air
suppl y i slidattlei adtiost tatablow laocess stocarlpadingdclmmber hehvwadinn§ighdnbAccess
the left . in Fig. 2. oo Fi 1 al so shows, the front

oper at or 98915 MOKeL itgsh retpasied spnulition,to clon g hutan opetgter 0 Rlacy gvafers
acqessi blog Jth@MséiRoRUBADF APHFRIES §RtoOhnd REMbYE tHEh RHMCBRS Madir)S cOMPIRment
control panel 15-includes a stop control 15a, a run or start control 15b,
and a sedlesLgading comparfinent di isi griclasedSo protect 3bevwafers apamsty gentaingnation

1B S0 AR R b o P OOk Gntorie, e ey tg The Hrei  pRpaARRE

- 1 ~

N A

. B nop o ~for-loadiViD iR RO pRocessing chamber; and Holding the wafers for fufther cooling”™

PCT/ US98/ 04323 and control input station 15d which both displays _,
i nf or mat 288r dBevafprs: havenbaen removed dian dhe rpraerssing ehanbeie operator to '

| R var  ous ﬁxBf QTR Sipdb itk qﬂ‘%?dére{oeﬁ;r{h%pﬁninimize contamination of the wafers
| and the introduction of coﬁtaminanté into a processing chamber 16, the loading
. chamber 11 is separated from other sectioné of the thermal processor by several
internal partitions 11a. The loadihg' 'ch.z'imbe_r is. preferably supplied with highly
_ filtered air or other environmental gas to reduce contamination. The preferred filtered
25 air supply is not illustrated, but is contained above the loading chamber to the left
| “in Fig. 2. _ o |
_ ‘Fig. 1 also shows the front operator control panel 15. Front opérator control
panel 15 is accessible from the cleani'obm side of the thermal processor. As shown,
“control panel 15 includes a stop control 15a, a run or start control 15b, anci a series
30 of indicator lights 15¢ and 15¢ which show various 6perat_iona1 states or conditions.

Th§ front operator control panel 15 also preferably includes.a touch screen display



concernlw% the de5| red processing recipe and ot her operational g ters.
A rear %mi nt enance di splay (not- shown) can adv ?%;E
i ncl.uded at the rear 2 of the - t hermal processor. This optional

i nt d..c t at [ l.abl e, f th
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Each wefide, thysofiriijating Jutinteneaceapdideaningt h wafers 14 which are ready for

~t her mal Qut goi ng cassettes contain wafers which have al ready
been - “&f&céﬁgérgg)ggd The inventory stand al so serves as a

product i npuRefeyirow t6 &gl Drvhibh ghows idfernal doyripohshtsyof thefnst pmessﬁﬁrmal

fashi on by a human operator via door 9. Alternative means for

| oadi ngAtrtheufioshdimdiga? 4f st Havempnbyiadthes form aef am dnvanderyistand 1
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appropriate Ioc Ions T or "processin er Irans
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PCT/ Usosippemt deck 13b The inventoxy; standhholds anqwitahleypumbep of wafker; eassettesy.
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various” t'ypes &t om made of conmer
--inventory decks 13a and 13b in a specific posxtlon such as by registration of the.

20 cassettes with registration features of the deck (not specifically shown).

Each wafer incoming ‘cassefte is provided with wafers 14 which are ready for
thermal processing. Outgoing cassettes contain wafers which have already been
processed. _ ‘ '

The inventory stand also serves as a product input-output 'se_.ction which is

25 typically loaded in a manual fashion by a human operator via door 9. Alternative
means for loading_ and unloading can also be employed, such as automated wafer
handling equipment (not shown) which place the wafer cassettes 17 in appropriate
locations for processing. |

Wafer Transfer Mechanism



avai l able. The preferred wafer transfer nechani smhas an engagenent or
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proces S]ﬁ@loﬂih*boat 54. The wafer transfer 48 moves to the desired vertical height position
and moves the contact member 47 toward pre-load boat 54. The wafer transfer then

installs the wafer onto or removes the wafer from the pre-load boat depending upon

whether the wafer is being loaded or unloaded therefrom.

: 25 - Fig. 2 also shows a cooling boat 56 which is constructed. substantially the

same as the pre-load boat 54 just described. The cooling boat receives wafers which
have been thermally processed and are still at elevated temperatures. The wafers are -
positioned into the cooling boat to form .a .cooling boat array from which heat

~ dissipates. This allows the processing chamber to be utilized for loading the next

30 batch of wafers being processed even though the wafers are sufficiently hot that

further cooling is needed before they are placed in wafer carriers 17.



processi ng boat is positioned in a stationary position upon a pedestal
assenbl y, 9610 and base plate assenbly 168 both of wWhPERURPSM43EL _

descri bed nore fully below. 5 ' The processing boat includes a
processi ng boat base 23 (see Fig. 3) and a plurality of upright
st andar (Brotessing Bedt whi ch has a series of notches 21 into which t he
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preferab\bﬂlchnh@ldf HeMwabers1 duing Pr@:e&ﬁhﬁ jar. The processing head assenbl y

is 20 constructed so as to allow the processing jar to nove upvvardl& and
e

domnvvar dly ov®fafers are leadsdyinte randr urlpaded\feam dbp| pipeessingvbant d2yusing
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chanber with the loading and uTﬂﬁadiﬂQ(beSGpﬂelwacﬂﬁoﬁ 54 IW@fehldGSe ftakenafremh&et er
.assenbly 22. The furnace 25 heater assenbly 22 is used to insulate and -
heat theprgrload bpatvand; nawedq byn thegvafer transfer dasthen grogeasingTheat, o i ng

head ass I ( t S&Eng to
nove up\/\g&gkyﬂﬁdﬁgg ﬁﬁ&%%‘f"d &%}hﬁl ﬁ{e)égtﬁééé%gss%gngfée wafdr tranfe? g’[ (%@ées'si ngéj ar
are consbgdtci®d to forma coaxial arrangenment so that the processi ng

ar _can be receiv ithin the heater assenbl 22. 30
J9 15 Processing ﬁ ead ssemblh y

PCT/ US98/ 0432%Rgt nffa) OBYoB8ELP 10 inchide8CES fd%gsé‘i@gﬁdhe%dp&@éémﬁ?d vﬁﬁ&anisl on

Fig. 2 shows t e head assenbly 25 is advant ageously suspended from a

head supgmeral%wefermdvmmagmadlasgemhi}tloxmdh&d Theshead gssemblhyeissleploygdat e

_131 Thefrom .above..-..The head assembly includes a processing tube or jar 18 ‘which is ™ 7

. preferably in a form similar to a bell _]_ar. The processing head assembly 'is .
20 consfructéd so as to allow the processing jar to move upwardly and downwardly over
the wafer array. When deployed downwardly the processing jar covers the wafer =
array and seals against the base 'pla_te assemny 168 to form a substantiqlly enclosed
processing chamber 16. | | | _ _
The head assembly 25 also includes furnace heater assembly 22. The furnace
| 25 heater assembly 22 is used to insulate and heat the array of wafers held on the
processing boat. The processing head assembly is constructed to allow the furnace
heater assembly to move upwardly and downwardly. The heater assembly and
processing jar are constructed to. form a coaxial arrangement so that the processing
jar can be received within the heater assembly 22.
30
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suspension plate or piece 131 is connected to a head support franmework 133
usi ng det achabl e fasteners. The head support franmewsekus®S®4823 npunt ed
for nmovaRMEESH 5 facilitate mai ntenance by all'owing the head assenbly

to be noved to the back of the thermal processor. In particular, the
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and1@c cessationaty drame 24 of theithermal processopct This Woadvantagsppsly aasemplis

The head. assenbl e or
e g 1BIRE B prtn: R fibe IRRASE PP SRBERIRE uly SifpblonaBREN 198 208 o7
mai n susg@n?diéﬁ phiiecB B eTloasnppott wiatriagehelsodinchides a7 plutalityr 0f aolltrs| (mat

Actuators 23 al so have 25 extendr bl e aftd retract bl e: aci tor raqds 79
(Fig. 3) iNustatedpavhichiase guidethdy W complementary tgéH cofracks, ga egi
fastened t 3 t e ﬁmy

t he head %ggéﬁbﬁ@ rrgé\zé o@ﬁnﬁﬁgedﬁ?nt\g]osgr%r T%“f}%l?ﬁlﬁﬁfggxgﬁ ea:fttt grf tgbﬁt t he
progsssi nfragleaddesf firer ptdvessvnl Fhecpede nrpcks i grefesahly dhayesguige dmarckbeecgiving
vari ous types referred. . constructi on uses a ed
e A ¢ Shaets, 35 po e ervso e Tollgeh and TeRly matich B SRS "ol Se )
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| pr ocessin 12 is | 0_a SS bi
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over the processing _
to the tail section 42 for maintenance. '

The head assembly 25 is advantageous]y suspended from the support plate or
piece 131 using head assembly actuators 28. Head assembly actnators 28 have main
parts which are carried with the canister 76 described below. Actuators 28 also have

25 extendible and retractable actuator rods 79 (Fig. 3) with upper, distal ends. The
‘distal ends are securely fastened to the support plate 131. When actuators 28 are
extended, the head assembly moves downwardly to lower the furnace heater about the
processing chamber for thermal processing. Lift actuators 28 can be of various types.

'One preferred construction uses pneumatically powered rams. Alternative actuators,

30 such as electrically powered mechanical screw actuators may alternatively be possible.
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boat to cover the processing array. In Fig. 2 the processing tube assenbly
is shovvl%v apved partially dowward into an i nterrredl atpeCTUs98/4328 Whi ch

i‘s bet ween |I?s up and _ ‘down positions. Process tubé& or
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30. Lift ring 30 fornms part of a lift ring assenbly which is novably

mottht ed Ehe asoqess jar is preferably weads from guertan bet vveen up and down
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mai n portions of the |ift actuators are secured to upper portions of a

cani st erallow the processing amgywii br orengdsinte rad open qrosicsr foredngtallationownd

Lift act e retr apl
al:t uat i olrélglr o] %?“gk%g’t r?é tf))r 8? L‘Elrgééép?%tﬁé%‘rét}g%?doﬁ’ g’é%n ?‘{ heir;r}el grsg’bf' ##&elguy
acisat orehcmb prddessing Ueliantiverr asel 2britdy cleraial prodesshig. abWheaxtjehmedp! the

relative to the main portlon the act ators. Lift_ actyators 26 can be of
vari ous RIppes$ing jar and bas quy form a substantially enclosed processing

PCT/ US98/4323 hese garts foﬁﬁe%@ﬁi t‘fl@nﬁltoché\stir?g’g Slo%ﬁ!ﬂnﬁ Hcgllalzé’d i

power ed rans. ternative actuators, eCtI’I cal ower e

"""*:HEChanl C’mhleslcn‘évmanﬁuatwﬂb ﬂu.ybaktt qﬂﬂat assemplye ﬁbsSpltwlcess,mg, chamber ~ 16 isThe
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0f201 vesselpﬁrixp@ﬁéﬁl'a SlosédicOnditiont ring 31 (see Fig. 4). The actuation
rods are preferably 5 positioned through apertures in the outer |ift

ri ng andPrasessing 'Iiubhdﬂd%téaﬁ@mbhe fasteners, such as threaded
ot eners 33, and Wihbbg 58 o 0o 30 SEHEFAE pbBF St Shbld e bk S, S
35 Lift ring 30 forms part of a lift ring assembly which is movably mounted so as to

| allow vertical motion between up and down posi_tibns. Figs. 4 and 10 show key
25 -portions of the lift ring asser.ribly. - The processing tube lift ring 30 is connected to
-and supported by a set of_ processing tube lift actuators 26. The upper ends and_

main portions of the lift actuators are secured to hpper portions of a canister
assembly 76 which is described in greater detail below. Lift actuators 26 also
~include extendible and retractable lift actuation rods 27. In the preferred construction
30 there are three actuators each with actuation rods 27 which are controllably extendible

relative to the main portion the actuators. Lift actuators 26 can be of various types.

1



whi ch engage these parts at several |ocations and are installed about the

" peri phegy o@hos10 the outer lift ring 31. Al though a t poTRAHS/0432H 0
‘construction s shown for the |ift 10 .ring assenbly, other alternative
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one or nng 31| tocform plift ringepsemblysusing aRphwality cifedetachablecretaimer| pinst3dr pi ns

. 43 whic
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ring aspgnditér 1 HgdB1anA1BRugRt £dwépart riﬁg EonsthRtiBASIE sHoME fas SRy 1 n
precise horizontal registration when the lift rin assenbly is
| Ber eding assemielyd oikerpaitgrnptéve constructions are possigle. 10 further shows that

“1ift ring 30.d.S Vi.ded w ralityv.of . coolj . fluid rts 45
whi th arg § oiifedth kG o et Sotdstih fiRO1 18 proridsd, id f lohd

circul affanger 37, BottdinaSarpenN3 Airsétd GipdR- a3 Shdrfliérs formEd ealoRS IO S Spetiphaty ow

a 30 circunferentially distributed supply of cooli n&eal r to pass :

t her et foageendeal panertuse formed in thej it ringufodrecsbie iy bpHem portianshofiithe be
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descri t}ﬁ@céﬁugé 3@%% /‘%S%%@e PRhiBYe 36%@219? rHpcm the upper face of the processing
PEY/ USHabO4Bitge. The flange aetdierpiascmpestad by setainerfustdners d0 stor theulift ating
groove 9r channel 46 which allows ., coql i as to be distributed.to
the | ndid FeisiRachabiya gemis dha Prassine fbecioafielift fng asserblynndy Aapeq soal
fluid coma Qﬂfﬁg?ééf)gé‘?yt ﬁggg[&ﬂ%étﬂgeﬂ ki $aRES %@?E?gﬁ e $Sainr 19 HASKA ring

pl ate mai.n nmenb is transferred'to I r .or other cooling

=11 urd t3®i Additional sealstipneate (ol tusitited) neanselsariativantagapudly nbeincluded T

_processjng tube hottom f.|lan Lo D¢ .. i s _const.ruct. on hel tocool . .. .
D acertebfigrd s ke g PR obes, 3 o Slinke SR el BB Ving g B F8Bner
rpeg as3enmbly. The cooling fluid al so proceeds upward to cool other

parts of the_processing tube. .. Furnace Heater Assenbly Canister,
Fig. 10 also shows that the lift ring assembly is advantageously provided with

-one or more locator pin receptacles 47. Receptacles 47 receive locator pins 43 which

are secured in the upper face of the base plate main piece 160 using locator pin

keepers 648. The locator pins cause the lift ring assembly to align and be mated

25 with the base plate assembly in precise horizontal registration when the lift ring
assembly is lowered into the down position. |

| Fig. 10 farther shows that lift ring 30 is prdvided with a plurality of cooling

fluid ports 45 which are formed at numerous positions about the lift ring to form a

circular array, such as containing 20-30 ports. The .passageways 45 allow a

30 circumferentially distributed supply of 'cooling air to pass therethrough as part of a

- first fluid cooling circuit which will be described in greater detail below. Adjacent

12



Figs. 2, 3 and 4 show the furnace heater assenbly 22. As Fig. 2 indicates,
10 . t{e dgbp@ce heater assenbly is part of the head asspolvugposmases s

nmount ed above the . ' processing boat 12 and processing tube 18. Ftrnace
~heater .22 is preferably nount:ed for vertical notion-in a manner

whi ch par gld tigOgh Ginnhifse @irs&nﬁﬁﬁnngréd%eoir Id‘hfannel 46 whiche Albws
descrlbed ab ve t he furnace heater assenbly and processing tube

assenbl gooding gay dd ‘lrz]q)\daﬂclbytfﬂhmw thmnéwmspasgagfe@ws 145 |aeboné|thg dhennild.
F 2
o Shenge 08By ol EORARnRSTL RS, LR ol el 50000 b

! assenb'mawﬂaixﬂnﬁeﬁsehqeber HRa G ttansirfed to the aflf0¥L GRS mnc'l” frﬁom
furnace heater is noved into an extended or down position wher ei n

' t he heaﬂleradjwntamlymsgrmnglﬂﬂsanﬁoﬂle ta tiear prascssing fupet hmomaﬂm 375upp| ies.

265 “rhis edial ERBPelbt AP B il BREROAT BN B orB i PREC L8 I

| be r ai S@ghoafithg lift ring AWeR®ly. Mkd <BERAE | Muill 06 Ff&e@d@ﬁﬁﬁﬁﬂdn@ Eodleother
assenbl y, "once the processing tube assenbly has been |owered into

t he dovparpsosftth@)rprocessmg tube. The outer portions of furnace heater

assenbly 22 in ' ani st er . 76. The preferred

cani st et WAAGE n@:eagegiA%é}lBgy%q\{&S? walls 77. As shown best in 25 Fi gs.

3 and 4, theFigsde,v&landi 4 qhbwf &realﬁhmawdleammsgemb@olm eAwdFig. Qonwticated,i on
acanlster coci)l stq%gbfor dth ein., ., The preferred

c&ﬂl st ethechEnageghesies apgembly P & he %@ij ead ‘§p‘§9§n‘F a2hayist giened

‘bet wee t t

Chr oughPPREI Bbel T2 B FloctQMe bite 15,  Furnfy hEatde 22'H' fiefirdhly, AOUARHCT,

sur f aceforagaticalt motien Hngh ntammpe mdiich parajiehsetirt mdtion dfhihef provessingh artteclift30

by t he heati ng ncl subassenh escriped bel ow., . Water can be

- Circul arssgmbly described, Bhave pa@é’e}‘ﬁég oiaee; ??aﬁsrs aFSCHILIE i ProRsSHgEatube

pgessurés%gﬂbwta?ve\o I%WS/ 39%&“/%&1}’ when the processing boat 12 is being loaded. Fig. 2

PC3/ US9ﬂidms328e fumace beagen positioned fully upwatk intan astetracteds or ppe fpesitisiny

i ncl ude i es of nf or ci forcing

R
ings 7BgK: B oCeSing Lo ATIcaRT D e, 6RO, huf Srmpse, hratdt psfibly Ohré

cani st emolved dERearaly, Udher Alrmn&uePR@itdr- is moved into an ek@ASd &F c?cﬁv:f '#o%fmi%h
I ncl udes a canister top ring 119 which is fastened to the 5

porti enyheteiartbe hagter-gspemb SE%YHP%‘iFanQSbFP rihggprogessing @slwl%an%ﬁmpleﬁ#

B bt B ST UL 0Ol S BB UE R AR, 110 110 12
anzg 4 3 hows I hthe pwﬁ%ﬁécbrcoﬁ&mdtm? shﬁbudelse a:ebtertasm?rgll@ngm rbmgaxsﬁi and
ast ene a bottom edge of the canister asse Botto ange 80
i s usedlqvg)erﬁédﬁglegqp@en y from gxe processing tube assembly, once% e procesrsgng tube

assembly has been lowered into the down position.
The outer portions of furnace heater assembly 22 includes a proteetive canister
76. . The preferred canister 76 includes a side wall or walls 77. As shown best in _
25 Figs. 3 and 4, the side wall is preferably made using a double wall construction with
a canister cooling systeni formed therein. ' The preferred canister cooling system
includes a water jacket space 77a contained between the innmer and outer canister
walls_. 77. Water is circulated thrqugﬁ the canister water jacket space 'to cool the
canister and its surfaces against the high temperatures generated in the furnace heater
30 by the heating enclosure subassembly described below. Water can be circulated

through space 77a via fittings (not shown) using a pressurized water supply (not

13



10 | ower ends of actuators 26 and 28. Flange 80 is also used to nount a

peri pher_al heat shield 32 which extends about the perlusos/04323
circunf VEIEPYP the canister assenbly to shield heat radiated™from
the outer Iift ring 31 and adj-acent parts of the head.and base pl ate
assenbl i " The top plate, top ring, flange ring, side wall,

heat shigﬁwlghd other -parts of 15 ~ the canister assenbly are

advant ageous| Yheeghaisteroalss tpaeferatdp intlades ar seridseof $atetahbball reinforcing rings:
mat eri al s, ) Heat| n ncl osur e, Subasse . .Figs anpd 4
furt her &howRerdpraing fﬂ&%n'é X E’l’c‘%g‘é?ﬁﬂ 13)2/2b‘??fcﬂ’cﬁd§§‘elé side %"auﬂéép‘i’ ng
encl osur g, LChiddeft S and ‘i nsul ates thé processi ng vessel
and 20 &nl%?ﬁ?@i?ﬁﬁ%&'éﬁ‘gc eél g}lﬁ?’% processing. The heating-enclosure:
subassenbl y 8&anister 76 furthren mhcludesi & uanistemtopt eing 7619 Wdclk dsifastenechdsdhbl vy,
heati ng encl osure subassenpl .and heater _|Liner 82 together formthe
T o afoPoB TS0 SGE WAD ToarThe senitintop 2ing 1105 used (o HOME Rolprery
encl oSur gHMBRSREERMNE kit ¥H6S Theadfudtdr doBhtine T 116! §ddHP mount th
assenbl ed toget her t'og fglr%lm a heating encrl ogurel -%al I~ or walls. | nn%o#en °
pref er r euppd ends obnstuatarsi2ihand &8.segnents include a plurality of

i nf tial ts,.90-96 . nt 100 d-a b TENt -
T02- "Bl et i cAFEr L Aems (AL BRI o7 iR RELIGEPCR bottons M€ riha BCESGAGE ™
i ncl udedid B béreor| écggéwéﬁwtchﬁktesmﬁ Botfin MMehge "B Reusdddios SR the

100. End segnent 100 and base segnent 102 are specially constructed to

pr d0i de lower endyppftactugierssa@eandf 28.00Flange r8Qinl alsge peadh o upeuntna pexipheral

which re €S.: ' . o, t ' | OL; of Vi
neat i ng. SPTRHISCLZ BifE Shiets abole B8 SR ‘RSt BAdLhe B SRR P psteifty e
both an g ehield dizht radintetiafiom ti@abuieg 1t @iFpNB1 and adjacent parts of the head and
14 WD 98/ 39610 : ' . ' -

PCT/ usogbeasesplate assembliggng surroundi ng i nsul atory and structural materials.
The el ectrica S [ n . el _ : it g
the interior FEEcORPERg Shotuk Sange ingl b=Ra, S BUELOEE IR Had OF
sudB as #eowmmibier dsbemblypadecadvantpgeohisiyemhdd Glomfstainless Gteetamt othgr suitable

el erents 101 .are preferably forned froma powdered netallurgical materi al
havi ng ™Maten#ssired el ectrical resistance properties. The preferred

el ectri C@jeakip! ﬁh@i&ﬁrgﬁgdggﬂﬁbl el-ements include a powdered

met al | urgi-cal "'mxture 1 ncluding ghrom"um al um num - iron, and o
yttrium. . The pigppedtimshd dirthdareshowrdbalr ke Sumane vheater agssembln @2n ingludésea

o Dol OSHED, ARNerR R o R PLEILE Bl RESSUANSRRT S
whiggh pr pfceslihy SliBNbeleduring prodedifdl fTh 10QHRET ¥ndbsue PiAEIERIHY Y 88 01530

watts per square inch of effective heating . _
mounted within canister 76. The canister assembly, heating enclosure subassembly,

and beater liner 82 together form the principal components of the heater assembly 22.
The heating enclosure subassembly inclﬁdes a plurality of segments which are
assembled together to form a heating enclosure wall or walls..l In the preferred'
25 construction, the segments include a plurality of 'circﬁmferential segments 90—96, ‘end
segment 100, and a base segment 102. Electrical resistance hgaﬁng elements are
advantageously included in the circumferential segments 90-96 and in the end segment
100.. .End segment 100 and base segment 102 are specially constructed to provide
for the passage of cooling fluid therethrough in a2 manner which reduces radiant heat
30 .loss from the interior chamber of the heating or furnace enclosure. |

Segments 90-96 and 100 include both an electrical resistance heating element

14



10 surface along the interior surface of the heating el enent segnents

90- 96 %d%égél Even nore preferably the heat fl uxpgfpsssiossiss about
- 28 wat square inch. The . preferred heating el enents can have a
conductive el enent having.a dianmeter of approximately 2-3 '

mllineters, note preferabl o Lineters. . The el gctr.ical
r esi st%ﬂfﬁéuﬁgg?‘?lﬁé Y Wsyﬁfégrﬂ?tgfﬂr%f?'aiﬁ’ ai Theq elestrical If%lsgmcg g‘re%é i ne
patt er Qehfenly Q0 dfrer positibived WloHy tiey Hhtesisi fhédvfitherseghfents1afd founkaca of
the segnent. Each elenent is advantageously affixed to each segnent by a
pl ur al & tsjnnous pattent, sushaasnshryvie (fopshe tap hgﬁmml;mt 190 eofs BigurGed Hentinge
Cnner surface with f AL ;AR 2 Ve b oral? A | . et S
90- 96, eslfﬁjf%gsnawlog}ep e?%rgg{f it/b%%q l‘%)é% % Pg‘r@ged - ﬁ?ettélﬂﬂg?%g rrﬂ%g{lglr ?g?s whi ch
can bedéditddalelectied] dadistancet proparties. s hilhe crefertede eldetiiaat credidtance shening.
-More preferably, the ceramc fiber materials can _be nade of approximately

58% al ekemeats jipelude 4 ponisred metallynginal anixtunee inoluding | chropyeme MUMIRER, of

mat er i . TRy o_he - ' y ] - The ;
ci r ouritepeapd YRy, AsRCpRborible bF thile mytesials oo vary, a5 i kngwn fn the
| ongi t i s prdthringguch povnieral nestallvrigicahdientded] msitamgiesheatingoelightents. nal

j uxt aposi tjion. 25 The ayray, of heating el enent segnents_i g, surrounded
by a s&Bemeatyps plsments gre |8£19xzﬁyd into convggiitedpatiens ﬁf&;w@aﬁalx POVIfSd of
a_ hi gh : _ . i  S51bi . i

I ndi (:_atbéh agggl\ﬁhgéﬁﬁg?p{p%%s of 902;(? gtr)n ‘2%%%5 s? q&ﬂfcﬁggratg regtg?gﬁé 'h@étmg
t10get heurface Bhmp the atatiow shyfate sf thenbeatingy elemeat i segmentsd 90426 and 101.

i nsul at.i on ropertigs. Jhe ,secondary layer 98 is preferagbly.a -
cont i ngﬁﬁ% ‘P%S?e?’ﬁ’fgﬁaﬁg'dh‘ﬁog?ﬁt J‘F?‘edg’éﬁ“y_ 1s %ﬁlﬂ“g Botally PeL§ ?é“%b- éa‘.e The -
out er wéﬁegcﬁéﬁﬁr%? WML cdrP¥be 98 dohductive ellé’rﬁﬁﬁ‘tn?ﬁgﬁ%J%l Mi&heRpesk i n a

protective skin 103 of stainless steel sheet

15 approximately\@-3 gniltigeters, more preferably 2.2 millimeters. E

PCT/ US98/ 04323 Jectri rre{al o] %ther 1suit bl e rrat?.rigis tS_h,at can be
wel ded or offEr AISHriFgh feasticapsding cloments’ are, prefgably, Sraled o 2
qBC| 0S BB eARAS Prtiéntto NroVRel Pélattvtly Affiform heat flux from Med%nne? siitfhcé Show
the preferred construction for end segnment 100 in greater detail.

End- setheesegmed. | Eachwlement s ehvantageoyslyt affixedr toy eash segroemtf by enplusality

Seomenpd Bty SN GRY bl i 32 etk Sor B0 Rt 3ERs MbF Rudiende. the
“protectl Ve kdatigncsus avgients '90-96, 161 knde102f preerdfly imbhileodtparhic1 00

is provided with an annul ar recess 105 which . receives the upper
“dorti ofibst materigly adueh w@nr benfuitably jmplded gpr mthgwise shaped to” the ‘degjreds

H . ‘ e .
20°0 o Slfes | MrRRING, 180 behidh abs NS iR, kiide OF froxdififtely
heat i n§o%ndlubfina filbels akdcS0Wr silica dibats. v©Other faimilationsupbtyped dfymiatesialspper

ortions of_ the prgcessin '
P may also be psat(i)s actory.g

The. circumferential .heating element segments 90-96 are arranged into a
longitudinal heating element array with adjacent elements in longitudinal juxtaposition. |
.25 The array of heatiﬁg element segments is surrounded by a secondary insulation layer

| 98. Secondary layer 98 is formed of a highly insulatory material, such as fibered
ceramic material indicated above or other types of ceramic fibefs ‘which are matted
- together to form a relatively less .dense layer having good thermal insulation

' properties. The secondary layer 98 is preferably a continuous layer-formed about the

_30 exterior. of segments 90-96. The outer surface of insulatory layer 98 is

advantageously encased in a protective jacket or skin 103 of stainless steel sheet
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boat 12. Qther aspects of the heating el ement are described above.
Fi gs.- %V&BEIBJGIJ) ndi cate that end segnment ~100 is preferabl pckaiosemstrd using
-three plreces of the nolded ceramic fiber material, such as de¥cri bed
above. The three pi ece assenbly includes afirst or interior piece
106, "8, FACH Guiftr AhiaBld hﬁ?&iﬂ? thatPBh be wFld@dt$}J Bfile%isgﬂj‘o?ﬂéﬁe fcp 'a@ﬁ%g&to 8.
These pieces are specially configured to form a plural1ty’ o
cool i parts loffi the Pheatingcomiosutd hstemblydalongrmating shbfacesool i ng f 1 ui d .
passageways, 143 form part of tgg SﬁCOI’ld fluid _circyit descri Be_d furt her
- bel ow: - -~ Figs. 6 and rghov; thepreforeq; eansgpetipne for eng segmentj1Q0ein: sragter

~furnagefeat &y, r e u € i I < it erior
..pi eggﬁ%gl nigﬁg_dg a pl lljggﬁst. §/eco eq %eﬁezrtbgoof“?ﬂ%g{r}?af f?gg %?%’E&grruléai n

di r ecsegrheritsl 906y muich atsi by usingha tshidablatboniding epentbehichfbande the segmehsat i ng
‘encl osure subagsenbly. As own, there.are thirty. two r 110 ich are
T angs 2T Y| SeoulBe g PeRer Solt e prectivedBeRd G &5 Sy ©
radi apd oSt Face 104 of ségiflerd! 160005 ProVRieal Withean | abnular SRaeRA 105 OWhRth
positions. The ports are positioned radially so as to be near but

i nwar tecgivsisothe wppsarapartionr ofrthenadjneend ¢impuraierantiad sagmiene 8025 by the
heati ng el epen e n 90, 96. ISqalternatively ,possi bl e.to.uge ot her
confi gurat ?_.masé a"ﬁ%"ggg%%? ﬁ]ﬁgﬁl’}ﬁ’ efﬁ#eﬁ% @fowhﬁ:h 15 motin ed uPeH 8&"1 "Bs’%%gac? al so

i ncl ude the $A8 ¥eEmRhE C TheOéhdvhbdting! SleenP @ usdll tPrbvide unifofi Hidatthg @ The
| ower face of second piece 108 includes an annular inner manifold

1Ohanbedded Tontroh gelativertonwisfers| supporied dry the upper pprfiansnedithe proesssingt h t he

30 pbt bR bpedehlor A WBLALY AMATSRL dclifie 1BBRL RN fol d chanber

113 i Séries. o} onnect’ ng passages . The manifold
connect i ng Rigss 52988 7ainmdiches it cbnd segment 100 is preferably fabricated using three
16 WD 98/.39610

PCT/ UBisseo pf2the molded geyamicy figen matgriak suehi poideseribednebouni cThe thies. The
mani f C ' e Al 0 d N of the
secondiGe SAReHSly ML Bt or jmteriol el 05" Ol Bt BISEIRA HhaT

1514 amdtlkifd edid Dultsife i pices) HI8nul Theseupiscesvare§ spetiailyanbafigured to 1fbfm @ut er
“mani fold ghanmber 116 ig ip fluid co nicatio i t h, passages 114 apd,

_a sui p&gﬁﬁ%mﬁom P_geflpéf iRﬁSSW%_%@Fgem%’mporﬁ"gel%&wge %idr | ui o
S 9§| yglggévﬁ% 1148 MErf;({‘gLﬁieoﬁﬂécé‘ecWﬁﬂ%i'dscﬁ’éﬁiﬁ igdecrifedt Rt AdiH. € enent

asse rior ports 120 can extend out the side as shown, or

- al t er nat i vélile -§irst phdntegipr opiece 106 “ist pdjakentt the &imokes beatigg chagibewand -~ <7 7~ 7%

The constructiqn j.ust .descriked provides a vol.ut ed fl.ow,.pas whi ch
subst SRLF he Fealibe PR AT, ooeher Bib® SR YN  BRMAD AR o1 o
20 St pofift1 10 whiclkP Qiré iArdifets EEA! conlm@nivatieh Asith the dhferior dhagittr Nl €12,

proximty to the ports 110 to flect radi ant energi/1 beaned t hr ough

re
por t s heating epelosuke puhagsrmblyeaisnsharimnthere, are thirty two ports 110 which are
arranged in a circular cooling fluid port array at approximately equal radial positions

and at approximately regularly spaced angular positions. The ports are positioned
radially 80 as to be near but inward a short distance from the interior surface defined
25 by the heating element segments 90-96. It is alternatively- possible to use other
' configurations and spacing for ports 110. ' _

| Figs. 6 and 7 also include a second piece 108 which forms part of end.

| seginent 100. The lower face of second piece 108 includes an annular inner manifold ~
chamber 113. The inner manifold chamber is in fluid communication with the
30 - infernal ports 110. Outwardly adjacent to the inner manifold chamber 113 is a series

of manifold connecting passages 114. The manifold connecting passages are defined
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The passages al so tenper the air to sonme degree before entry into the

heat i NOwo 98739610C hanber . . The heating el enent spOOUSHB/AMF 101 are
‘el ectrically connected to a power 15 supply systemvia heating el enent
connection term nals 140-152 and associated wiring (not shown). The

pr ef er rigd apphealiupp nyarifidd eshatbed eshisldbdd Sbe The manifoatkambat shiklds 115
End segnent 10Q can al so be opt| onalﬂ}gb provi ded wth hand{les 1

29., .
The ender§ckpmaved ‘.‘R_)d"]"é‘wé‘F FXHMEIANge & feemd E’@ﬁﬁérﬂs g Alystrated,dp (Fige J-
1009. . r fik radt afR@de! W% tion
condui tog%art@?]g(ﬁér%g%g F&éﬁ%t%&%ﬁ%\,ﬁgn‘ a'rérlate W tﬁﬂgp [ rstidcgg .ﬁ%’
“ci'r cui t 1nr@ater anadifeldi clgantserf bi6risl inpfbmid communidation uwitia pasdages i 182and

-The heati ng, e‘ggl osur.e sul%assenbl y 88 al i ngl udes a heat base 102 V\{Hi ch
i s showh shitplls) awmper; ol pextenios” pogtsg 1284 ¢ Bxiorion, pars L¢P ¢ & @ bBWiom
of st he . . A% dust [ e +9,
prtsaferr‘éodn Pase gl}%gvnﬁh?s S%eg%{l\)gﬁﬁggg‘%ageygg%es? ?uctggﬁﬁé&gs%ge Plﬁf\gsgf our
parts. Pstegiopwportshd2e chfiextsnd @ubehe side as shyws, comaltegnativghyt bet tize top of part
123, a second part, 125, a third_part 127, and a fourth part 129.
These pthet healek epsloparea(nol SHO™Md or ot herwi se formed prior to assenbly
. and thereaft ] & ' Ik ahl ' '

Wth a surtanrs COmEHAGETRiel b SAR & CoRIOhA THEY pafediivay OhiY
‘used. | sulistmtiallgfredoesd fadiamk theats tos8€&s whighabtcuraasecompated 16 rimaving @r strdight
fiber materials as explai nﬁd. bove.. Alternative . . constructions are
alfo poR¥WtArgangement. The shields 115 are in coordinated. proximity to the poxts 110 to

WO 98/ 3 : - : :

PCT] s 30iant enexay beamed,tropgh goris, 110 fiogm, the, fyaece, heating Fhamber o
groove THe pidsapes ealso tempehethe air td conte ddgecobefone dmtyt dntes ahechéating
The bottom segnent can be bonded or mechanically retained in the
groove RAMDEL 5 fashion similar to the joint between the top segnent
90. and groovegynk0 : She f4r r

define a pl G gﬁaté?g Slompents 0 385mid "0 %ﬁ%?%ﬁ%%&?ggﬁéﬂﬁﬁe ‘%‘ﬁ‘?%’ugh
t 16 bassupply systeint aiH bedtaghelemenisonisetion teoninsls 140-152 hhd amseciated awiring

circular array opep, along the top face of  the hase.a r ef.erabl .
Fequl ar (3PRPES Rt PHEEL POPOR SRS, /519 7o SRt IbEd i g Exsater Aetal.
shown, , Ehar egment 10PE8n tdMd b¥ SpMOnRAY! Srovidedavithandmneihaol y spaced
positions. Ports-111 form parts of a second cooling circuit which

it .be - mot e Thel ¢iyd segmentbkd isehlotvpredded with end segipent contisdl eapapinesi .| ui d

T chmin aehges AP R ool SPORR, slowk aPmatiOR ndE bt onea "

bepeat htﬁdﬁethmigkﬁanEiraateSW&hoa\&i@t £66HBS cifcultBétnnetiion dittiAgt 5 Jolaed aP6a
134. 'Th(fhe furnace liner 82. o '

The heating enclosure subassembly 88 also includes a heater base 102 which
is shown in isolation in Figs. 8 and 9. Base 102 is affixed to the bottom of the
assembled stack of heating element segments 90-96. The-'preferred base shown is

25 “advantageously constructed by assembling four parts. As shown, base 102 is formed

' by joinin_g together a first part 123, a second part ‘125, a third part 127, and a fourth
part 129. These parts are preferably molded or otherwise formed prior to assembly
and thereafter joined together in a suitablé fashion such as by bonding with a suitabl.e
bonding agent for the type of insulatory material used. In the preferred form these

‘:’.O parts are molded from ceramic fiber materials as explained above. Alternative

constructions are also possible.
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mani f ol d connecting passages are defined by a plurality of manifold chanber
shi el dS‘B’ 8 60135. The mani fol d chanber shields 135 are deai@dnasupward
ext ensi B9s 367 Phe third 15  part 127. Qutwardly from passages 134 and
shields 135°is an annul ar outer nanifold chanber 137. Quter manifold
chanmber 137 s igpetl ik &k | 5 :

sui tabl e nur?b%r Eg?t giﬂtt ?r%g?ﬁ%gé%s%%mgp greié%rg’g’gr%te 5131322{' héélgqi?ﬁ&??%imcf :
comunasowen edge hof ithe rboditom ssegB@nt I6wn | Thd-ibpdtomt sapokefit).can be bonded or The

construction just desgribed provi a copvol uted.fl ow passa which 20
subst amehAPigRIY FateIed, inFie, Brapks, 133, 0y & taghion  sigyilar, fo 466 J8ib hebvieqts ey ng
a straiglitsegment 90PHd gAédvdNgesENt . The shields 135 are in coordinated
proximty to the ports 111 to reflect radi ant energy beaned 't hrough

plorts 111 }‘r’Bm tﬂlrst fpartnelgé bmhtfbgghﬁpmlgm define a flurality oof tooolingofiuid so
. ' ' 111, - 126, 134,
U7 dntetlor abrign d 1 bBmeq RSTEES e ekt RO RIERIY Tiida T g shoarm it 25

descri f falkirkulae! @¥y open along the 189Sfcd OF #eSBaid'a Nk al
openi ngq?ﬁyvmthi nrvvlrlﬂ ch isy ng%iav%%gfu?ngge b Iigﬁéer ggdlgﬁgéglrﬂgcessi ng

j ar 18.regierlespacad angvlayspositiens abeisnthieycénirabrapepingo1$3. As shomoynthere i n
ial_alj t within th i ster 76 . heat,i |

bot t omeFs R0V s 4 1L o ralBERAY ShEca pRSfiE: *Bage QAo B0t om

- ring iy gfond EaéFtiiﬁgle@rgagngam \Miﬂegé-qhs&b!muatd@&lm beloweps&@itzﬁxtexeare

flange ring 80. show t hat nost preferably,

pki t i pnéferpbly iy fifd dommmunicatiort Mmith thepinderiorothamber of the furnace heater and-

18 . ., WD 98/39610 . . . s
PCT/ UsdB) Buih pommunicatign, withy 29; frpuler ipner, mamifoldrhamber 126 Resitiansd, t he
base. hRatARShE FortgNFighBOMHWs 2 serie%e&leidéhﬂglci"%&%ecftiﬂﬁnﬁéssa' oy R
ring and nounting blocksS and are threaded into conpl enent ary

r ecept auanifold crompgcting passaganiase alefintdriye ar pluralidy .of manifold whamber ishigidsr

Li ner . est sho [ i 0S. 3, .4 and 1Q, f urnacg,liner, 82
is incliddedThP dﬁﬂnf‘ﬁé cham%er Fﬁl\gﬁfe&o{ a‘%ngorﬁiggt PP |‘8§ﬁ‘?sé°1§sgﬁfhﬂ 911%68
Tige |ijrit 827.f afvaadlyl RO pasRhgesOf34 and shicldie135/1i$ af Canh@fir SSuter! BRnifoRer 1S
preferably constructed in a shape and size which is ~  conplenentary to
t he pr chambend3fubOuter. mﬂsl@%wg?mbwélﬁﬁriérmsﬂmdas@mmummoniw(sh passages " s

oCcess urnace Tiner.i's al'so aped i nh a be

spaced ey SRR e o e R A el

shape - wiomhunigation oeith ¥bef duots 139 shbeii i Figie dahll jBr shape of the ™
processi ng tﬂ?ﬁe 18. . ) F(gr nace |iner 82 fa(raftlher has a bottom-
openi ng t hat1hf copincHen s fescpbpd quovides & coppoluted gy RassageRAY: WhiCh g as .
t9e T UrdiBSEnfiiR) PERRES Satihat heéat 1BYRE Srhi ‘havi t Of
the furnace Hliliﬁ?e? e‘d@so?ﬂqar eg oultgv%r ya??cgﬁg\% Eg&ggrneguﬁ)t P%‘S{‘?Yfm%g%%&

port arrangement. The shields 135 are in coordinated proximity to the ports 111 to

reflect radiant energy beamed through ports 111 from the furnace heating chamber.

This construction also allows cooling fluid to be passed through passageways 111,

126, 134, 137, ports 124 and riser ducts 139 as part of the second fluid circuit
25 . described more fully below. ' | '

Base 102 also includes a_ central opening 141 within which is received furnace
liner 82 and processing jar 18. The heating enclosure subassembly is preferably
m_ounted in coaxial alignment within the canister 76 by using a heating enclosure
bottom ring 104 that is connected to the bottom of base 102. The bottom ring is

30  -fastened or otherwise suitably attached to the canister flange ring 80. Figs. 8 and

9 show that most preferably, the positioning ring 104 is formed from a piece of
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The furnace liner 82 is nmounted to remaining portions of the furnace heater
assenbl ywddgze1@nd held in centered coaxial alignment w tpdraidvsniszBeri or

of the furnace. This is . advant ageously acconplished by capturing the
mounting flange 84 b_etw_een the cani ster flange ring 80 and a |iner
mouNt i NGy, Ya ?‘mlehrk%ge WHidh! 8 LohhBded So the ly'agé'gl'ﬁasté%‘% Eﬂgﬁé‘%ﬂ?‘éﬂFh
vmthabottom ani ster flange ring, thereafter

mount i ng*ecemgng hobscfmmédtthrwgh d:lmmlgeand Inamgeing blpcky andphmr ﬁiretdedointo
fasteners.

ded al heral edge -
of the. FPIRJgmatari, repertpetes T6imSf T ohe (Blorofirnd, A0k KIS Dot wben the

| ower f ae@rdfceMAeRterNHindrng 86 to seal “agai nst™ " "the upper face of the

lift ring 30 form ng part of the processing tube assenbly
F| g 3 shows Ancest shownineFigsoB, i ard 182 apfusnagealingr Bﬁcnsumb:dwdl aloog thene

cortect i1BFdE: OF (it HhatiRh;aTostle Wbferttites” T T 87 Bhimyd dur nt whet, of
remai ni Nfe PRkidceNbeddér. t IThedlifir is\préfefablE @ohéthifited in a shapé Gindt sig® Wil N

conduit 122 seals with fitting 85 to formpart of the first fluid
cool i ng eomplementary to the processinghiaibe k8, ks ShQYé? the inmerpsusrfase 0ff the liner

construct ed of r e

si ngul ar' p? e(?gdq%?dlg %nf%gwr{p g Bésé%r ?%L% w:tg?ﬂ it guﬁice of the
rocess fi6e 8. 3%b0fumace liner is also shaped in a bell jar shape which is larger

PCT/ U898p /04323 Fur nace, Sensaqrs A plurality. of

t eher atbtesimilas otostheshelh jag shaps eﬁébamregessagemmlﬁ edinthe =

furnace 22 in \/ [ 0 h :

evel oped by FOiE, difbePE2 fhfifed Rak 1€ uSBbl BpBhink ool STRSIE T TheP 3o gy

As shownpverthe q)racasi‘n\gotube 18 agltlwlﬁsmaée haatk:eaﬁsembw & loweredrtheresverhi Ghear e

provi ded as te ure sen 8. The, spi ke thernpcoupl.e
arrays aP¥eH fyrpagey, n?,ra ‘Pa aEMﬂr‘J{‘S’ot"t peovide a mpuating, dlapee $dnt s,

whi ch- i STIK@E%‘%& 418y 13994s! ABuRRA! @smumggmm ¥f We gmﬁwqmﬁm assén&ﬁl?ace
| i ner 82. The spi ke thernocouple arrays 1 are nounte rough sensor
molift i ngamjoéreldmascehweﬂcnmmltﬁrgnnydmtewdhasﬂmﬂiﬂty’rimﬂmf tHee furones. cThis isf

2001 aavan BT BRI HSRATEE A0t SO SESHNAR s,

the basechistef flange rin@SSEHEAAYa ibferamduiiting i 8¢es Q'Hebﬁﬂexb%tﬁiﬂtin% rmE
connection wth the description of that assenbl y. . Base Pl ate

= Assefiyl ybrought- into -engagament: withnabopenk faseof the canisier flangeisinga thersaly tee -

as_ser'lb.l yh&cg'Bmmhﬁgg'ﬁng is secured to the canister flange ring by a plurality of fasteners. .
20 A first liner seal is provided along the peripheral edge of the flange 84. A liner
face seal 138 is provided between the lower face of mounting ring 86 to seal against
the upper face of the lift ring 30 forming part of the processing tube assembly.
Fig. 3 shows that the top end of liner 82 preferably includes a liner dome 83.
Centrally located on the dome is an first cooling circuit connection fitting 85 which
25 is preferably integré.lly formed with remaining portions of the dome. A first cooling
circuit connection conduit 122 seals with fitting 85 to form part of the first fluid
cooling circuit. ' | '
The furnace liner 82 is preferably constructed of qﬁartz and is most preferably

fabricated as a singular piece having the features describeéd above.
30 | |
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15 supported upon portions of the stationary franmework 24. The base

pl ate ag@gRbsto remains in a stationary position thicauieedis2s
processing. The base plate assenbly supports a pedestal assentty 163
which in turn supports the processing boat 12 and ° - any wafers 14 held
.thereonFuiﬁim:epSeﬁmmed copstructlon of the pedestal assenbl y 163 S
considered b fter ﬁﬂg se plate ass 168 is,describ cf ¢

Fig. 10 sho Rliyhaf peffeetaisy Bedbofh HRD s FRPRRIsTy 365, et b 181 ng

three p h iBi 6RE to PrOVRIY B [iAdicaliONTHINAS tterBerdnuf® BeiigSRveloped byenber
160 - ﬁﬁmﬁeﬁg?c y IS~ secarqe}g to ‘and supported upgnﬁt he frarre224 Ngl nbgg

pl ate- ﬂttﬁbbﬂfahh@@elements comaiped in degmentsh9h96 | andal Ok y A shownt thete a}.‘ﬂeﬁwar es

.216 which
A cecon@ouRt el FKe famperaiie s bish, 814 Prited, o Boneetle febsolina oo
tosthe m’er fﬁh@es;ﬁke MeAnbEsD1P | adtas "BEDBbsifibRed! 5h el eligNabfacdftl to Ahdovel

pi 0 can be used at one Or noré points to assuré accyrate
' p05| ti oheatglg)feletmmtaemﬂmh is betweersthe dieating cenclosurs subessempla8 andibe

pr| nci pgmﬁ?e‘eéﬁ’e\‘/‘quch ,ggupsgcl{et ﬁg‘;g%ggu? ﬁrz%%ésysp?i té’?e‘ﬁg‘\,‘ﬁ‘%eﬁﬁ&@ugﬁ‘%r

‘ther eonmoliRfinp apertifésOr2 Phrated thidugh end assmﬂ;unmr t THe llower ahdy oB)Sehm
|nner edge of the main base plate_ 160.
arrays 128\yweospposted in base 102 at sensor receptacles 136.

PCLI US98/ 043 pl.at u r 162
_aSé preferabﬁpd&e{gléalofpmﬁle teﬂ; al %sssggst%gse AI@ giiugl?e\/%q&r?%o%gn%a ;ﬁ?iﬁ%ons
as str ugaésemdly MBgbaId sué[harebdmnbbd dalow in conpecema Wit the deseripstiooh o6 thdtgh

t enperatures and processing gases contained within.the - processing’
chanber 288mblpecause of such service, the base throat piece 164 is

prefera f artz or other suitable material which is capabl e of
hi gh 5%'&3rﬁqa’er‘%étg%ggsyl The throat piece 164 also nust perform w-thout
of f - gassi ng lIrlﬂheshemiall eprocessor 1§oalso i inokdes 20 baset bbitw&&emblactlﬁ&gthht Ise -

severe envi ronpent of p r. he base ece

164 al sEURRANRS UPSTSRR oas cffoﬁ’r?a lg%%ré{ B‘FE'F&’@%"% The bgﬁ?dpg% %gﬁm@é{nber
- 162 from@XRASW & statidharP PR Mtrotlahad Eﬂi%é’dlﬁ@d Whé Mbaset bme assembly
processing chanber. This arrangerrent as the advant age that substantlally

“the ent isuppdrts a pestestal assenbbh Gbmcbltat@raﬂmwﬁwreﬁeﬁsglgl bpaadﬁi’oﬁ

f|UId commn Ii t 3., f1 m
o o HTIREPLIR el frean, Tl BRBeRF SORARABIITER ik bocly 1
of f - gasss r&néxaefed Beroa& aﬁefrnmeaﬁe pMecdssemglyt 168 is desaﬂfﬁdam nate the -
processi ng chanber 1 t her |rrportant rt conne dﬁd fo the

ba¥k pl ate adsenbiQ Sh@“’& that (the pase pi?lé@e%ﬁ EHﬁnB‘@feré | cqnsjructg
constr u‘i%}eg pgﬁﬂ&#gl B‘i&%s rmbﬂ rﬁ&?@a@l' %ﬂ'ﬂporﬁat is GG ha3€ Platk’ melrber 160

supporte 456"t hr 04t pI I N processing
which is secured to and supported upon the frame 24. Main base plate member 160

is provided wiéh a plurality of mounting apertures 216 which are used to secure the
~member to the frame 24.
25 A second principal part is the base support member 162 which is connected
| to the underside of mein base plate member 160 using fasteners 161. A dowel pin
183 can be used at one or more points to assure accurate positioning of the member
162 relative to main base plate member 160. o
i The support member 162 is positioned beneath the third principal piece which
30 is a base throat piece 164 which is supported thereon. The base throat piece 164
is sﬁpperted laterally by the inner edge of the mlain base plate 160.
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chanber seal 172 seals between the quartz throat piece 164 and the bottom
end of wooesspgiocessi ng tube 18 . The, placenent of the selT/IeA8EIAF t hese
"parts provides al npst - ~ total quartz material being used to coffine
the | ower portions of the processing 20 chanber " The base
pl at e assenfhhg maiprbasedplaterititl amditsuppertdesntresdl 62 aregprefdrablynimade of

seal 172. -A main seal coolin s.distribution systemjs prqyided t
pr ovi'déta%?ﬁsingtﬁgl and se“@%é’:“pgﬁgﬁt func i W??‘Béiﬁf‘elﬁi’“énb& ft base throat
t enper piedé e154 @ eRposedalo AfR temipératiites) ah@ Sprocessing Fﬁ&@' ¢dHhifléF within the
“dirstribution systemis described nore fully below after first considering
~—9%-—-— BIARSSHER chambere d6ur cBeeayge coh sueh cadrvicepfthe heassathropt qieceadSdnis v .

. .The nmj | Q.. oVi: i 1.h .a, nunber. of features.which
a1 ow PREERE TS BEAfbar? br BuBE HiGRte thiedrift MR Cioypopebfd 4L BiglL 2
PEi r Ofemperatures¢i The! thfoatiiiede 164 alsoeiust pedornr afithsif 2 fF-gdfing dRdesirable
advant ageously be made of Viton el astoner. Face seal s 203 extend

about eeestijuenis epr gpihsbvise seacting ippthe mevereoenvisenment ofniher precesspgt e
renb ' : | i | f
of "t heclBHbH fild Bisd MiRAr Bide 167 W0 3058 30NN tiimefFast 2ife 160,

‘tube . and support member 162 from exposure to the processing gageh contained within\WaE
98/ 39610 . . . PCT/ US98/ 04323
assenbPIPCRERIRE haMRmEr ol Yis mereement hasotheapdvaptags that spbstaatisllydhe eptee of
ocesgy i 4 embl | ar; - 3 Ad: : IS
Bged tgﬁﬁgcé B?e%lgat};ésgn !3?3{1?9% hangeiﬁm}g %{)}%gjtﬁglnghga#;\%r - aégﬁgdf‘? I“lgﬁ?
-ring 3the pEoctssing fdhamber 16 is femmedgfrotr amgttzt hmtérialstthexedlyi elindhating t i s
suppl i-ed, t he,annul ag. channel .46 via a first cooling fluid supply
passag 8°?§afifar ALYPTE S{fﬁ‘l‘fs m®f n o582 Fome stal 1 gempgnents gyrhirh mxgﬂp '-
passaggoﬁgn{iﬁatgdeﬁ@nﬁﬁggm ¥heRBBeqked to a supply fitting or tube 99 which .
extends below the nmain base plate nenber and is connected to a .
sui t abl esoudAmsethér important gpart neprinectied. to the base plateVmissembblye ipl at mairenber

Q0 i I .pr ef I ided with | i t .in the { f
S annaros Sl sFERBR el R BhahrceoStmatn: SHONE (the MBI HOPSRE | ¢
face othifiBer™8edl D93 eisPhiportddapén the basePiRWAdBtbcd 164.2 MARh PYocshiiipel
cover : pi ece (not shown due to scal e of drawi ng) which serves to

cont ai chambexr seal biZseals between the avastzctisbatnpiese t Hidn and ¢he Hwttosd .endhef

. Ghannel B e 47 P! SHERACATFEME) Shvesn e B Broal ke S

~ but  nototahtquaetzy niutexidld beiHPi séd tDE6nMEY ARG BV Shortidas 0P| the NBdcbiksidd
" form ng channel 208 nost of the way about the circunference, but by |eaving
Osnml chamber. dam (not shown) across the channel. Coolant is then

i duced i | : . .S f . d d th :
v ol arod A pdrt: REEANEmAD, is proyiged it Fnies 'deSien3 B Foct "B} min
ot her sedle]l 7. tAlQnﬁﬁrBeaﬁ@ebﬁﬁg gas distabhties! syStemNRPOVIdEASY Provide cooling

gas, such as air or nitrogen, at ambient temperatures to the seal area. The main seal

cooling gas distribution system is described more ﬁilly. below after first considering
25  some addition features and consfruction of the base plate assembly.

‘The main base plate member 160 is proVidéd with a number of features which
allow for sealing and _délivery or passage of fluids. One key feature is a pair of
circular upper face seals 203. Face seals 203 can advantageouély be made of Viton
elastomer. Face seals 203 extend about the greater diameter of the upper face of the

30 main base plate member 160 to define an annular sealed area against the lower face

of the vertically movable processing tube assembly. When the processing tube
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sui tabl e fashion, such as by connecting passages 207. shown schematically

in Fig. wo9esdbsi0 A sinmilar cooling arrangenent | $CIiis9sn4ssy to
-cool the base support piece 162. : Fig. 12 shows in greater detarl a
series of three parallel annular, coolant channels 221, Channel s 221

have ch&ssrmnblyovaeves) downmiasdlyedher saals 203nata engagedsibyothe Hewer oface of

A5 | _ oW

hat ol SO AR bt L ARG ECOP Byl BEASTIRE KRoripsdsosld M wsed o
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fl ow fr GRFEAS @%ﬂ%ﬁe&‘én&é? goplg cirdlit i, sopmlied ooty Srfaehgng A s

This arrgl0chsithg %&ievl%fb% PasiR\8Y Tofthed HoubR Mein BIRYBhed wiMihbAC160. -

support pi ece ulating water or other suftable cool ant’
t-hrough Supply passages89 is advantageously Thenectgbdo ta pupply fiBihgaod tubkd 99bwhich

| at 6 I : dapt to 3 id | i fl f aj
M 1 ogerPROrmds: PRlp s Bk st Hea rifle hraper end i gorreefp 8°a i e B '
chanber cop@ab . This is preferably done .i n a construction which
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cr oss. sdbr g, foay gF e witeh sbieal Situlel 08, Ghpmael-A0H, i dithel ih" 8 Jyfled
WhEm Vi efBél dMiter Bfasn Hast iplite Hember.ghltt RNPRIVIded vifleaV beslahtc GbaniRe cbver
sui tabl e | high tenperature seal nmaterjal to be used. A preferred

nat er i alpipee (nrbsbowa| dusy to scale of dsawingdgrhichhssrves ¢ coataie ruaigr «orsether
material S. | t.er.nat.i.ve Lol Fi.Q. QWS
seal 172&‘@{’%e€%°|1 %Fty S%ntﬁédaﬁa%ggpt ﬁ‘geu%%glrlelsﬁnrdf 3%_‘(’3“041'9 pr%ﬁéﬁptct%s%%%? z
throat piceqBatl6dl. fllid ath hdfophedewhidhy exwdrisalsobgamtiglpr i roand thee amtized

shoul der 231 of throat piece 164. A_seal. retainer_ 232 bears upon g flaa}ge
port i on circumferenge, bfenqt emiglygaround. 1¥bistis mestapdyapiageausly acporgplishedohy

Retai ner ' - R ' i
Faf enor g Sufeh 288 st of the way 4ol BEEnRIAcE, GREEF 1hng'S Bl
cap pi ecdan?Jfot Showapnrctdse thetchanrel. 2Tdodad isethan niatrodagedpirtoethe channel o34

R I T e P
other susEBPL 5B, BBRE, ¢ dreh! dfh. ATOoLEL Db IRbpEeR o el 2ORR R o
space 23shitablke fashivm, soth ssppt yomeesting qrasyage8 207 shihvn schentaiialintinsHigol 10.
L08 E20 o G b B Bl SR 07 i B e e 162

ceal 172 512 oste,in eyepish AL s deHiSF of Al AN oBRAF oty RS 22 e

“seal andChémels R@hshaieocharnkE coveds 2230owhinliucaver the chanrtele and rlowathene twf

the seal . The coplant then flows gbout an annul at, ‘mai,n seal .s e .
serve as sugstanttxaliy enclosed cooqant passageways. afl':lg.mh shows thapgfong section

line 14-14 there are dams 222. Dams 222 can either be part of the basic structure

-t

25 of piece 162 or inserts. Coolant is introduced into a port 224 and flows about the
~ channel to flow from the complementary port 224 on the opposite side of dams 222.
This arrangement allows large amoﬁn{:s of heat to be removed from the support piece

162 by circulating water or other suitable coolant through the. channels.
The support piece 162 and main base plate member 160 élso are adéptéd to
30 provide a cooling flow of air, nitrogen or other suitable.-coolant fluid to the main

processing chamber 'seal 172. This is preferably dohe_ in a construction which
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20 243 and is passed through a main seal coolant outflow passageway
244 an 98/39610 associ at ed cool ant outfl ow conduit 245. pCT/US98/04323 :
.The" sup OB BI ece 162 is also preferably provided with a nmeans for nbunting
a plurality of attachnents or accessories which exteend into the process

chanber gilfibutes the coolitizcaierdbodi M entifeomthullassdake Figr OUAdshdwai the priefeered
separate accessory fittings 174. 25 - . Accessory fittings 4

. . 7 r _
const r ueanstruction | iy eylarged erpss-sectippedetely w&al 43 1}§Lﬁdb’é§@£.°°“.sjly a %—spha@qg or
more of fittdngs,. ) t ' iob/ i HleShown
in Fig. seg;l %‘T’%?\”%&%‘ gfri\ecg?)éesns%ﬁggha?ggq%%g%%\ﬂé%é?ﬁtpﬁéeg%béogqéﬁgg %r%(h:%slgi ng
chanber high temperaturd sex! enaterislovs bel used. t e méfteredf muteriabriscaBomtgKabee, 12.
Tube 176 all ows var i_%ﬁs . $rocessjapsg che{'n' cal.s to.be.introduced into
the proakkenghhathss high ismpsratpes, §¢al, malerials” arp alterngtively pessiblgy ¢ of
fittings 1744 ' | @2ty Ssurf: f
185. The pr eﬁeg'r %@Ag@gﬁsl gﬁ?es(rar%lerq?;%ﬁ??eggr%%rﬁ%ﬁtggﬁfgoﬁgxt%% suugv\a/z;?d? '

into thee 8uartz throat piece 164. This is advantageously done along a periph@ral recesse

WD 98/ 3961 . . s

PCT/ Usoshamders 231 of thropt gissesiGhy chirsbretinescditebramsrepost cHaRgs oMk 18
and t he wqhe'p Bhiled! Soal 172 to rBla] GRERM irf BRsHRR. IRelaifiby 253018 sbérddsto -
formed Prom guart’z or other suitable nmateri al for the processing
envi r omgnd niuén risase epleteupiese ekh0 usiggnfastenkss, (redcshopmpfwhich extend through the

t her nocoupl e, array 180 is ferably sealed wthin a quart.z therno ple
tUBe 17 gventying TeiRlisy BRPISRE 1430 | GHATHOR BB IBAG 2% AoRAEeL AR IBFAT
It is abkgrpal ¥Rl ¥d@itionaPQealsPDSS t ehd D361 Wit GRall TétweerMbee PhAS! An
attachnents or accessories in addition to t he- conmon ones expl ai ned

above. annular flow disBéhutione space: B37 His (definedpbetaesn ctheesaad 288 and 236 ard
desirable to include a . means fpr cqoling where the .fitti.ngs 4
- receive WW%@&E%?P@S%E%&I ARy ity Mtrogen, ok risgﬂglélgicro E}Pg ﬁh‘ﬁaorder

to cool ;¢ Pﬁ?ﬁﬁ@d %o lttﬁ@%@d@@di&trimohi $§pacB RPN YiP b tRMnt klpply Pasesfeinalye238.

failure o e seals or other conporients of the accessory being nounted.
Fitp 104 soolantisupglt dine, 23 suppliesgcoaiant to dbe passagewsy pindc distrabwinm spageh

fitting 4 . a locatipn.so it, becones tr '

pi ece 1@%%8‘%%“3%6% Prﬁvééeé)mﬁ‘ °°?Amb%fei%a§8 M?ﬁﬁﬁéﬁs&%‘ﬂ‘&%mﬁﬁ? n
Fi 9. - 10R00RinP Gtdm 1&ktritution 5fatel 237 BSwdtaStBie seal 172.t IMHeAtodlaCRovking fromor der
to all ow placenment of the thernocouple array 180 (or 15 del i very tube

o AT6 net:pontsvd40 ris pirgferaldg) direted:ah rtbegeala pnd ithen flaves pbortethe sgid rigareduce -

18. Likew se, a supp par Q issformedd4n t e s . 1 t gh

ani ot e Ienpfrabitf i thefited 138 LGS by Ao SR pRR It B, ctaPET"

i i 9s.2480AnANgs 1passkd through hiS nfudiSidal CbdslantOoutflog passagewups244 tndm
a-circunferential seal between the base - t hroat piece, base support

pi ece arassddiateid nepolntcoutflosy sopdeitf4% d cool ing cavity 170 20 from ports
184 and 190.

D

The support piece 162 is also preferably provided with a means for mounting
‘a plurality of attachments or accessories which extend into the process ::hamber 16.
The embodiment shown has been provided with five sepérate accessory fittings 174.
25 Accessory fittings 174 are constructed similarly but can be used for various purposes.
One or more of fittings are used to mount a gas delivery tube 176 (partially shown
" in Fig. 3) which has an open discharge end near the top of the pfocessing chamber
and éxtends down along the side of the processing boat 12. Tube 176 allows various
processing chemicals to be introduced into the process chamber. Another regular use
30 .of one or more of fittings 174 is to mount one or more profile thermocouple arrays -

180. The preferred profile temperature sensor arrays 180 extend upwardly into the
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The ports 190 have recessed regions 191 along the upper surface of piece
162 9% gdﬁown in Figs. 10A and 11. The recessed regpOfesssdsses a -
cool i ng“f%a g to be ~ installed adjacent to each Oring 182. TFhe
preferred cooling feature is in the form of a cooling air

di stri bytdcaBsifl Skhah¥er 185between the R@&gemg%ﬁ@ s udd eheivkaFeP Tooabe 2,
cooling feature in enlarged detail. Fig. 17 : shows, each port 190
i s pr ovPraferably, the tgas alelixemhtubec t % 4o domeegt Somy quanksjog (othes suitable material

seat. Dpsk 196 is unted i.n the regcessed reqgi.on,191 and, .S S [e reto
usi ng Dh’r &’ef.agrf’ggsgﬂg'l@%wfﬁ ?ntl eﬁ%! gﬁcoég\t%ﬁg' thrgﬂgﬁﬂ_}pe%ﬁ? egni@
- fornmed {{urMegbupiBeartdysi 80 is prefer ﬂgaﬁﬁlédﬂvﬁﬂﬁﬁsﬁ 4Rt Othbrodiple Gdbert1 78ach
port. Disk 196 ‘al so has a central 30 = aperture 201 through whjch the
t'her noc alopige the renpire 8igngth gxposadyde ytheyprocese chamber &t oAl igpaliermatively t he

pr @cessi ng.,ch . _ : C e g

B3 oo BPIsaSR e fingy, 174 dpgmount other attachiments,or accessorics in additiario
ext ends theheomgiorbanes suplaindd above. 0 provide fluid conmmuni cat i on of
cooling air, nitrogen or other fluid to the recessed area _191 for

di st ri buti onBgea®sen °§n8’ﬁnﬁ{ﬂhar‘eIBP%TPWT%tanﬂ“TE,‘ﬁKﬁdt yit s 1 desirablg,jtp insiude; @ |
fluid pcat | v 17719 1 ' p | ng: fl uid
to'! ¢ nemssns JOFTCHUSE wABihe! ARG Trar Ry e AR BolnRAChtlinl | U1 ¢
t hr eade@hip ik adeditable ancorderctd awobfthd seals uetlyaboute the( itting hand ) prehantet o.

Fig. 17 al so sh th di sk.196 has a bevel ed .O-ring ., seat 200 that
ac 83 toP%%?WT%gaV}EHB ‘gr{)mﬁ' geals \pE) qther. spmppments of theacces being m%’ﬁ@en
the baseidl fjL shbws ifll detail, %hn (ﬁﬂﬂﬁ%ﬁﬁi§9r\¥hiéﬂq%g{lacjcﬁoaroﬂ%d each ﬁttin%eﬁhgs-

10 and 1 al so show a base coo g cavity 170 ween t base pie
164 andat lacloscaten sopjiiobecommsbirapped2betiiegn the tHsevmietdd64 anadi thy shippoit s162

furth 0 - defined b “exit, duct 1 Lch i d-
e R bl 5 i 20 YOhC 34 SERDE e e
duct 25ihiogt Hiedd A% 1 tdtdér ftb aalURy Z1aceiémN of the thehfio lRrdPYRD Gt

exit duct end piece 253 using fasteners 254. The exit duct 251, exit
duét endehvayectubs3]l 7hasct showoeinl Big. HA) iiegethsenghoand nptobthe pBtessichamber he

b ing.cavity 170. A seal 261 (Fig, .1 | s_bet th
Y65 ana 185 LikHistls sHRnof T 1805F domar it 9, bRRE sibrogo § Jrubtig MG 0. A
seal 26@hd Bhd-oflflting 174 aré SphFarketetBRRd tRCi IRkt 4R Figh! 10D 3nd 11. In

The exit duct end piece 253 is provided with one or nore cooling gas ports

. 262 whi.éhis saopgtryction; rQerdng - 182 rseoves dphformsaicitgbinéerential isagl* betwieen tthe tage base

00! 119 o, e Mok i g PR TR B S5 TR ARIRE Pl 4 V05
dizgt ri biffoesl poptsedgH apdr 190V t hi n an annular - : -

The ports 190 have recessed regions 191 along the upper surface of piece 162
as shown in Figs. 10A and 11. The recessed regions allow a cooling feature to be
installed adjacent to each O-ring 182, The. preferred cooling feature is in the form
of a cooling ai_r. distribution disk 196. _ : _

25 " Figs. 16-18 show details of the cdoling feature in enlarged detail. As Fig. 17
shows,  each port 190 is provided with the adjacent recessed region 191 which forms
a seat. Disk 196 is mounted in the recessed region 191 and is secured thereto using
| fastener_s 193 (Fig. 17) which extend. through apertures 194 formed through the disk
196 and into base support piece 162 at each pbrt.' Disk 196 also has a central
30 aperture 201 through which the thermocouple array 180 or gas supply tube 176

extend up and into the processing chamber.
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di stribution channel 263 covered by a cover 264. Cooling fluid supplied

t hrough _ ports 262 is passed through cavity 170 ancdcyases/oszsough a
nuber W8P 98360 st ‘hol es - 263 (see Fig. 12) forned in the base stpport
menber 162. ' The ‘exit duct end piece 253 al so has a cooling

channel , 253 SédBIi rsdp?:li gwrt259s extepdh | thepuphabasl supdit 463 ctoi pmmmdlmd
Cool i ng channel I ncl udes a cooling channel cover Fgﬂ %05
I

wat er momhnmabgnteijbeohm&uaé\",l%‘tfﬁaslééﬁ' athsttflyifcto the recess
cool in ng.eéln é@ﬂ%ﬂm tgﬁn\g x%fb‘htﬁﬁycﬁ’vr%%?@g’ Cavity 216 1s in THRdexit

duct_ e I's.al'so ageous i‘ded wit exit duct
~bott Oden%ﬂﬁﬁxc,%ﬁZn With exhausiuportdorQ% rwlixbhngnp;ﬂﬁ?coulmgt $luad ptaurthe | spacef
J-hook 30 fasteners 258 which are

| pr ef erasizcepho ErmeohBEooPEPly ports 1 sg\?ﬁ%%g tg faga}tach%o%eﬁl% of,
9 er pslf qﬁleﬁ%@?%ﬁ%& tg@rel?@t LRy eln;d afyd’ 5ifes that disk 196 has a beveled

PCT/ US98 k3at 200 that adts ttbepbsition nmd)(eomp@dssualy\gseah theitQiring waph 182al
259. The outflow is al so % ef er abl é)roi/%éi ]\c/gth an outfl ow seal
heat shbeiwaewdhe (hasg. Plﬁ?) 16 digk, - AgesES o 1¥% he seal and all ows
the cooling Ff‘g{i é§62rh Q0ABL185 ShBw! Q‘Qﬁt&e tc%Hl?ﬁé Favit djjslm%etﬁﬁéﬁ the base piete9.

- The heat shie as a support I'ip which Ts advantageously supported
UpOﬂ 164 andathedgse fsnpped meobgr t162. | Figr 10i shsvethasf cavity dd9etspfether164.
Pedest Assenb] y

pﬂ@cess@ﬁ lPX 3} exlr ity 251 wiiti? 1%?89?%&%\#%%‘3@ H’éﬁ’é@ﬁ%t&i nbgﬁeﬁqtggml

Pedest a e eSTH Ragiealct! 251 el with 2 lngbios whivhs
upon thJé gg%r@pé) ase tn?w oa;&pl ecg 164. Col alrs rﬂnl S provi dedEAEI th-

accessojsyusedetd nicamt 2n2exifidget ¢fi\pics Zﬁé’edwgtfasf&mre 5dxt dibsi ot flp@tn?SI

Fest o ot et enk pigeh 253, base DibGOIGE- i 1586 Yaper ARG 180 ARl AR ¥
(Fig. 104 éédflﬂ%pt; tHAPET Adgal Qfﬁlb@ﬁgam‘}&ﬁ%éals between HicefiRmbefs tlezrmidp

mai ntai N proper “posi ti oning of the col er eon.

pagest ali64odtl e Zbiﬂerspgmet%‘ d Preed beseaicoaling ity 2810.whic Beal 268 f(F;&dIQ)et s

“upon a recessed end, are i é&l | ar. The pedestal cylinder -extends
upwar dl §eal Ppetween th%d’ﬁ%é ‘5 dst al headpi ece 283. Headpi ece 283

preferably hag.a.ph Ut ichd pikce 253 is pRAIRSE Wxtﬁ“@h@%r%ﬂér%b@ﬁn@éa@%%es

whi ch are exhausting fromthe processing chanber to_pass
.. t.heret he6dgwhich Ihppbvppﬁrog;nd ammazibemfsuxtﬂﬂe m;mdmgeﬂgxd 4o the base-cooling-

advant ageousl pr ed With |ogati n r. t er,:____“
p05|t|oﬁa . 170.°" &%, ﬂ@"ﬁ"r 5%%5"?" ng% po’i %ﬁ dﬂgmggé %*n%vnwéll E;%a{?&?é) o
%@at | NapbetHdr &f»cdrﬂfelréiﬁe #hdPdolingf fluidlis distribacdd rRQesthopat twithia &4Benndlae
end surface can ‘also include a central recessed area 286 whi ch

furt her distribeomschmnbel 263 nepviesed byea quuer 2. r aCopling: Shud suppliedgihrpugh
ports 262 is passed through cavity 170 and exits through a number of exhaust holes

263 (see Fig. 12) formed in the base support member 162.
The exit duct end piece 253 also has a coolin_g_.cha’nnel 255 similar to the
25 -cooling ‘channels 222 described above. Cooling chaﬁnef 255 includes a cooling
channel cover 256. Cooling water or othér suitable fluid is passed about the
" circumferential cooling channel to cool the exit duct end piece 253.
The exit duct end piece 253 is also advantageousiy provided with a exlt duct
bottom ﬂange 257. The exit duct bottom flange 257 mounts a plurality of J- hook
30 fasteners 258 which are used to mount piping, or more preferably the outflow cooler

600 described below. The piping or cooler are sealed against the bottom end surface
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alternatively be an aperture extendi ng through the end surface to further
facilitate circulation of gases within the pedest apersesindszs

The pededYQPSRWIY ar 271 is preferably made of opaque quartz as is the =
pedest al- cylinder 281. The pedestal headpiece is preferably nade

25

fromsiligon carbide. Bot . are ftornmed.usin | I -known pbroduct i on
t echni qué’g %r %?ﬂeeggerﬂg rellilsal gsing ad ou_t{'low .mamﬁ?éppéﬁest e é’é’é@%l P @!ﬂg
al so adV%Bét@%W’?in@&l RAQY kA SatMbWw Nseal hott $H361a! 607 (Fig, 10PREH fédulesthest.
(not shown) which includes an electric resist an_ce_heaﬁ ng el ement.

Al t hough tedhe et @pd callows éhe) sgelingiieticdZ to gasintnin Jower itempersturgs Jeessaing
Sél)éf?h'g"%%g.c 3?’ g he\g@esh?ela% hEO ! stﬂ’p%W HS' Qﬁ’ic'hsisdgﬂgnwe%ﬁsl& .éupportﬁcg luBbﬁJ
PCT/ US98/a0%3g8 formed \WIoRH/tBOGitfer diameter of the bike pidver 164, processor 10 is
preferably provided with two main fluid cooling circuits. The first
or iner %ﬁﬁ@leﬁﬁemﬂym'rcuit passes between the outer surface of

t he processi ngg:tubg 1 | S {d ner e
Hrse o g of (AR 314 UbwC i 18R Blorkidf pHLRASE 10 18" pi¥ferapiy®
fluid cogprovidediwithid pedestal pssefbdy dl6Bng Peliestalubssiembly 1 Bhincludes ot peliestalr

82 and alopg the insjde surfaces of the 5 heati ng_encl osur e subasse y
88. The wﬁ%ﬁid@ﬂm’wﬁtﬁ uRg the. Quastz. bass Araet (ﬂAF‘i?a?ﬁ“- éolfarﬁ?.l ipngrcfvﬂ@[
and seco | LI I ol S48 trR: Dr rabl i .l e : K
counterf Ir%gvt\% n%b?sglsg}fiag%gﬁﬁs ﬁ? ?%ilgj;ﬁgmasf)g}é E%ngnlﬁg’r g?%?é‘s?}’dﬁ"?fnng ttxpgs _
cool0 ng. 144r up into the proedssingbthambérl | Ahe eclldrhpreferablynrestd parially bithin a

e o1 | o Yok EE4Alao? A e kg A et ot B eont o,
"is prefer £t Ptad ; L ' WLpplies 99, -
passagewdys %ésgrfgoggﬁ??{g%nrt?lguglghg{/?ggigiﬁhﬁﬁa??%é %HH(.:E%%‘S?# 46. The _
cool i ng fl ow pEiss esddstal oeajlar (251t supportarn pedestd] heylinder 28bewliehrnis affixed detmer

82 and processing tupe 18. Fi 3 shows at the flo ve wardly to }he
Cop 0 | HBOR, BUPCestelt ool iRl e oL oo THe Reatial FYLindRe Sdendpigwardly, snd
fluigd coql,i 5 ' ' ti : h..} Lt Gongdeli t
oo O7 RppfSitd 0n pedeiiafiidadbteR SON! | AUEIpicck YN piclerabRy ik g EleralfepnOR |
342 that pedestal divdes 2BHe winchduillow Tgases which amgpexhanstingf froondhe t pro2éssing
extends throygh an aperture jnto, and.fl ow pl enum 349 Fl ow pl enum 349 .
al so-is ¢ 'egotB ?sectgﬂ%h”f’ﬂghflo#‘?r& 7 sl‘ﬁ@.ceTﬁg Q’F"’e eampllece s
, about com&%ﬁtagﬁ&;s@@%xmemml.-n%eum@%&wﬁs aféy%ﬂiiﬁaﬁﬁ&sg! thePsropadpddition df ~ °

suitable 20 “hi gh” t'enper at ure packing 347, such as a Tibered ceram ¢ wool
mat er i al .the processing boat|1dwthsreonsm Asighawsp tisa jommting featureeriveludas pair of

LU DR otelibiang, TherRU i ofl UGS obrta LSRR e

286 which further serves as a locating feature. The central recessed area 286 can |
alt'ernativély be an aperture extending through the end surface to further faciiitate
circulation of gases within the pedestal. | _

The pedestal collar 271 is preferably made of opaque quartz as is the pedestal

25  cylinder 281. The pedestal headpiece is preferably made from silicon carbide. Both
| are formed using well-known production techniques for these materials.

The pedestal assembly can also advantageously be provided with an optional
pedestal heater (nc;t shown) which includes an electric resistance heating element.
Although not preferred, the pedestal heater can be used in some processing sitnafio_ns

30 . where heat input from below is desirable. |

Fluid Cooling Circuits
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./_—fi
coanda effect and driven with conpressed air. The unit functions as both a

first fluid flow nover for the first fluid cooli ngrfa-lr,@gggﬁmzand a
. second fWRP¥318w nover 25 = for- the second cooling circuit. One >
" appropriate flow nmover is rranuf actured by Exair - Cor poration. - O her

types of flow t d
fl ow nover i s@%\/gﬁ?‘%@ {1& ﬂgats ﬁ)%%‘%@:lﬁgp ‘§§iﬁ“? ph Jr}geé%a a ‘éﬁtﬁ gﬁl{ge
the riskcpéunipdr tThe istoet nﬂx@eﬂefdab@amgs cirediigedses between the out?h%umeé Idfg
fluid nover 350 has an outl et 351 which is novable vertically

the headthss pepesspings tube J$ andj theatnent sfasasof dhefuenager hesd t§2e dTeg fyﬁb o
pni oh eXRabfize Ut RES 3°Hist! AobSpathN75.0 HE VEBBHIRLS dlibS aiRy Wyltbg circuit

Fl exi bl e™du
WO 98/ 396dékes along the outside of the furnace liner 82 and along the inside surfaces of the

PCT/ US98/ 04323 359 | ref gr abl i.ral spr.i nenmber [
ext 8nd aheating englesurg Suhasss TY% ﬁ‘? ée‘g@éoﬁ&ﬁ @rgﬁb?‘g%ﬁ?%ﬂp \rﬁ;{w (mt
The secorg f'mﬁ fﬁ@f)'dnﬂgs&?doﬁuﬁuﬂhui‘%oghzmgl.8\“6171?5 p’?éfsﬁblfneg&&;ﬁﬁ osite or

i nt roduced rough exterior ports near t top e at| ng
encl osur eosnicaSewiny yclationship tiﬁhw'oyatﬁonwreondcantemnemwm dering soolibgt eddr

w t hin annul ni f.al d, ch s.to. b enI L,htroduce .
thr ough hBrSIHDH Aliteedh 7 A8 Fotis 04 fa botf BBt AllcRadvely) {Ibcber g
encl osur ¢h&HRIASS eskductivedgdske catir e qtlizeder . The flow then preferably

moves downward and is passed out through heater base 102 via passageways

1110 degaglél/vae}ngw1 thagr thei rﬂr$t| gogling neitellit low niswipréferably amﬁmdaped

chamber 6 ac flow from oer,0

The. secoltiouE tgeaoting FREF SHetics"%, abiheshBlR 0w pkBRT I SE:
flow fromhamer ¥, t STHe ¢odlify HlFH Qfa@&&symrai@ﬂ ports 45 a4l b her spAdetifetdah t 0
the flow plenum 349 and flow nover Process Chanber Cutfl ow :

The t her dimer f2o0end quocessing tubei he uEkSs Zshewedbat tieaflowr maves| upwandlycte the

ac Frg. ARt TphC IR R ¥R i fRio el ¥, o e 825, BRRE FP3Ge

baffd e arcimMit2ihén ddiftirties ftheough the cox’ﬁﬁﬁf l1g2ar Cokdhis momludbsga efdrie 341
detail in Fig. 21. The preferred construction include a first or

top baf f [whish1is engagedrhy @ smngﬂgaﬂeét&asme3%mwas%n1§/ abopt fthey csaé%ssThe
gases OUE%EP"éﬁgap?lc%%ggsﬁf%x%%ﬁ%&ggaagg a}*%a Pidte GHE QHA SioRChleRRET ¥461

the top
_or, it er rRidwaptenaf f349. 5183.is Smmmected to recebaf fHeefloG3 froxt eisdss 039wafmbyarbas
the inner wall of the pre%qc]%es tube, 18 tQ

.. nvr dl y-2haut canduiyt22 Sveeipglenym, 3 égzﬂfsl g‘%‘ﬁ‘é“%&?ﬂ“ﬁ&f%"l‘eﬁi swltﬂ Yuitable
I t €0h; bR ABmpBAtHRCPAKiINE1F47E sUSh NG & RRRPES cefdmic SREGE itatafal. ar €

e erably Flow plenum 349 also supports and serves as an intake plenum for a flow
mover 350. Flow mover 350 is preferably an air flow amphﬁer_ opex:atmg on the
coanda effect and driven with compressed air. The unit functions as both a first
fluid flow mover for the first fluid cooling circuit, é,nd a second fluid flow mover

- 25 for the second cooling circuit. One appropriate flow ‘mover is manufactured by Exair
Corporation. Other types of flow movers or. motors are 'possib'l_e', although the
preferred flow mover is advantageous in that no moving parts are needed and thus |
the risk of particles being generated is reduced'

_ The cooling fluid mover 350 has an outlet 351 which is movable vertically
30 | thh the head assembly 25. Thus it is advantageous to have a flexible duct 359

which expands -and contracts in length to accommodate this movement. Flexible duct
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bonded to the second-baffle although other constructions are alternatively

possi bl e, %aﬂ The baffle array al so includes a tpicaisogodzest om
haf f | e. 588 “RAPEA has several ~ peripheral openings or notches 509
which allow the exiting flow of processing gas to nmove therethrough.
The thi entral .area is S

rd.baffle s |idto,force the flow t hr h
per i pheﬁgp lf‘pgfﬁ%ﬁ{j’?f%@.smﬁesw R (R t?l?egarbrexfeﬁ‘as“ﬁﬁ"gﬁﬁcﬁo?s[ "Fﬁ‘ge%g
array o accoMipftate thé WabiculsHeRew.t such as an inner .liner 520. The baffle
array reduces the 30 | i kel i hood that gases or other contaninants

contai ned i n Fheesenontl| Buidceaatingr cibattibhes a flow Faywhivlyispselepably dnfroduerd nt o
%ogg./sgél. @1%01 Cha0R8iof Qorts 120 near the top end of the heating enclosure subassembly. 2°

PCT/ USO8/H}48&dnd coolant flow 77 isi distrifuted auithih hénmuddtemahifoR chaBbém118 so
I solation from other parts of the ~__pr.ocessi ngnchanber .outfl ow

h
corfponenssto Faevenheintrodiced sthoough thephlividual perts 2 10 into the space deternupon
t he pedest al | | : l1Sd .t R t i n LoEek..
i ncl udeiﬁﬁal}egggﬁe%{% e_r%ls“ﬁ%s%%%h ﬁ]’e ﬂfrﬁace ﬁﬁeﬂ' T@ei ﬁh@r _elnng!fef%rfglyhas
an ent r gheeesodownwiahd 2ad Bt passedputrnitiraph heatexibase 102 via phssageavays LI/ at
a bottomend. The jpner liner, 520 is preferably forned as a . sl eeye
whi ch --hé’ésage@mrlﬂbm dn Huil semmunication pal ﬂt?naae'g.ar ?hem?ﬁ{oé%wm’on
i s frustQ- | @al kRS T, | I [ - 5h i Lect s
t he 2 c%ﬁ?f @gwhﬁgs gas e?hf nliﬁgnfl‘ra\gy Ie[{)a{%élaﬁll:ggbpo?%"\!:1 \gﬁﬁg 2%68%] e&’l?)lcl)ln r ﬁgglr ?EII écx)ﬁ
f of0s a passesvautdthrough sidgtpemtsi 124, Wihe flow rfradvede pges U2Myarbepreferatdy tekem

lindrical,sh . ' liner 10 hields the | : ti f th
bhse pl e TR oot 139 i Hie Gt plspEm, 485 PoR, mever 3381 "0l P ng hot

Pr ocessipidce@s ehadiber Chitgloyy " €duces tenperatures of such parts. - The
inner liner Is advantageously made fromquartz or other suitable materials
for the ' Therthemsali papcgseoesibelsoginghatts a process Rhembssiowgflowawhich is

Qut fl ler 15 Fig. .4,sh that it is.al i b -
el ude SEREDER (oteduss EmPEHH if i assoctatil, pirty;of s PRRFBRRLwW AL B0 of
t hgs t herifastrates CaeSentfRRE préftibes ihdladés ahafiowebaifle array 278Ut fiheVbwt@low

exhaust gases fromthe upstream processing chanber. Qutflow cool er, 600
i s downdhafBearrayrignshostrhin gpesiari datail dn Fighal.outhe prefercgsd semsttuctipsacludese

casi ng- dofirst exdBR ShB SO "oy sabfic " Beelt o Al By pBloesn g

~ and t hergmed ouewafilgt dnde cildeer thal gases1¢d pass aboufithétotter! pedpledrgedf the top

The casi ng_can advant ageously be provided with a casing top flange 604. Top
fl ange flgi 1. ows the cooler 600 to be at-|east partially supported upon

‘thggexit duCtrpe paffle array also includes a second or intermediate baffle 503. Second
baffle 503 extends outwardly to the inner wall of the process tube 18 to deflect the
flowing gases inwardly and through a central aperfure 504. The top baffle is
supported upon the second baffle using spacers 505. Spacers 505 are preferably

~ bonded to the second baffle although other constructions are alternatively possible.

25 " The baffle array also includes a third or bottom baffle 508 which has several
peripheral openings or notches 509 which allow the exiting flow of processing gas
to move therethrough. The third baffle's central area is solid to force the flow
through peripheral openings 509. The peﬁpherél' spokes or lugs 510 support the array
~ upon a suitable support such as an inner liner 520. The baffle array reduces the
30 likelihood that gases or other contaminants contained in the outflow chamber below

may migrate upwardly and into processing chamber 16. -
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end pi ece 253 utilizing the J-hook fasteners 258 coupled wth flange 257.
The bottom of casing 602 i's advant ageously FEMUSHfbasgst h a

--d| scharﬁggﬁeﬁm _ 609. The di scharge port is adjacent to a casing
bott om shoul der 608. The out fl ow cool er 600 al so preferably
i ncl udes an utf w_coaol e | L ning ni n 605 refera made
froma mat er %\ﬁ 5‘& nn?re%c!lf’sre 379 dhe ’Sﬁ’h} otl'?er pagty, P ot_ﬁf’rent .
A pref G BeéssnPé %hhﬁ’abeif %ufﬁédvoeﬂxﬂﬁdden@s)l YR n’iWéreﬁhéi" 52(1’ hg 4&8 bited Gion38-
i s advantageously provided with 'a coupling head or flange 6 The "upper

-end f adedge. formedf upmludlhﬁnged%@dl enllar| 2nbe Hmaem,gle@ \thish theeinmar rliner
out f l.ow. s]e%
29 includes a gg]‘lgé%rfg flange 521.

PCT/ US98/ 043PRe inner linef |5200his @htertfinRbi siOmdiith G0t itniabh Oshdhnd N exitf | ow
side walls. The bottom portions : of the_ lining 605 include a shoulder

64% an:hdmhmeuéaﬁ athe bottem dod. 6Fhepinper dister . 520 is ipreferably dormgd asha

and aF ST WRIGIs PG BCRROE, BSibn 823 ATk 1Sfel bRt UK R peion ! e
side is fruswlésnitallynashaped.t hThancbnvesgihg odowewndiptdondcal astthpk odidedtspiheed

by carrying the flow,5 di verter, thereon. The outfl ow _cool er
600 al sontflawing|@sses Hiatthe Jewsh parion 324 orTheclomer myrtiemforms a downward ¢ he

d I
mount o XifETon hfef bt slafiRlaibty B8 Bitned 1S MARRIRUCIRRE] TREMAG Jiner, o
A$0 shieldbahe, lomlpujtlﬁﬂs'z of Shprisase Giﬂdte\l\a§sbmbl}h€i'dm adirevo dmipiggdmiés fromay

whi ch spirals along 10 t he out5|de surface of the casing. The, cooling
tube arth@youtHomsngthed Rracessign gates and therehy; radupssolrmpsEatiss ft wich rarts. |
conductye nﬁfé?%ﬂe]@qg’ﬁdvgnfaggcrlﬁf’fm ff@l'nsqﬁ;%& B8 o E‘sultablle. maf¥¥iafs ¥ot' thetY
of techniques inc ing si e-contact or “physically coupling using

wel di ngpmbeishglgages Beingr useidi vel y, -t he casing could be constructed with

doubl e wal C0O0 be trained therethrough to renove  heat.
15 Process'vsecsamqmmbegﬂm k@e& Tal so preferably includes a flow

dFS' erter 630pjf| PWhows that H YEhisBr p&%ﬁ)lbstocﬁﬁrlftﬁl by oﬁ?ﬂ%egoél& @DUG\EIExchhe
flow of outgoing gases agai nst the cool ed side walls of the cooler.
The fl oextehdsetheeDUtfk)mcheamra@édhsItbenmdiepnbmmraand reducest theptempetatare of

t 1 1 1 t hst.and fl hot
D ocos PO exbass i, B LR ubuptndn Broqiauas Eainben q Oflow CoplEe 308 ;

< diverteg. aanstreaﬁrﬁeﬁ%tméiepuﬁi&el b9-thé ddifloRUELplaiHelJabvVeeS ThOTHIIHIER *
cooled interior side wal ‘élpr ovi ded bf/ l'i ner 605. The diverter al so
ee

br| ngs enqlelbmmfamblﬁgngém ARt QU dooler slesvgyraricasing GP2.h (Gasingo$03d
th e é{?ﬁfrﬁgw is nggy gr%ﬁl '&eﬁeﬁatﬁ?%‘i? as%%gagndd tﬁeq'i’ﬁ%ﬁl &nﬁlucnve matte? gpegu%hur e

as stainless steel.

The casing can advantageously be prdvided with a casing top flange 604. Top
flange 604 allows the cooler 600 to be at least partially supported upon the exit duct
| end piece 253 utilizing the J-hook fasteners 258 coupled with flange 257.
25 _ The bottom of casing 602 is advantageously provided with a discharge port
609. The discharge port is adjacent to a casing bottom shoulder 608.
The .outﬂow cooler 600 also preferably includes an outflow cooler lining 605.
Lining 605 is preferably made from a material which is non-reactifle to the processing
environment. A preferred material is Teflon™ polymer material. The Lining 605
30 is advantageously provided with a coupling head or flange 606. The upper end face

. of coupling head or flange 606 ehgages with the main outflow seal 259 to form a
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The flow diverter 630 is advantageously fornmed as an annul ar body having 25
relatively thin shell which can easily respond to tenper aggfusosieest i ons.
.The toﬁ”@ §f39610 631 of the flow diverter is.preferably provided wth a
bul bous shape whi ch i nproves fl ow t hereover. The bottom end wall 632
has a vgen e 63 | C a t I n hs
interi m%fng%ﬁ SR i%gdﬂ/({] £ éé%’ogeﬁgzr%%toﬁF%%wvﬁdW&S tﬁle%m{&ﬂ r&{{ ns

di ver t ¢ tf3Qidifig 050Nk dhdbylder 640 cndiichvibielrsaupsont thef sﬁdumrdsoaeptmdab
feet 636. Feet %

36 are preferably provided in a tripqd ran
feet cdn the casing. pThpdiniag alse hee arisehss parREll seson @43, Both éi‘%“ﬁef_
advant a&?)ourﬁ{ &l%ﬁ /%gg%réﬂé are formed with a.heavier wall thickness than the side

PCT/ USS41 82 Belp withstand cthe diipk rteinperatmeke and Ibid imposednby evaimyingathe fllowf | ow
diverter. In one preferred form of the invention, the feet 636 have
sldped diverterntliesean.sur f aces whi ch set in conpl enentary r.el ati onship
with a slop | o r ifie theaBl
further sho%%%gﬁﬁrﬁog%goutfﬁgg ﬁP‘SﬁEl rai'ghéah?reggger%ﬁt&&sgoé remow % °

pr ocessfpsml Ghevheide tallo udff IumNmmﬂdmr cadler usasmgLI |’i‘hei heiheemhangej'wcan obe
cool er 600 5 at di scharge 609 Isﬁiﬁl unbe g 612 651 - br%\,\ihe-s
to a gauounted upQy. thg gasing or be iBhPH s° Weef’ TEERY %%4 i ch
i s aboy, & previde@! witR!a/ Belical cool &mesm%nbméﬁ rdly aero lve
control Ter 65%§§ﬁ;6§%2|15 If:ront rol‘ived adl ?écct lc;og?gsl ndirectly ik by t n@ :
gtder al theosutsidel mrfai:ssof ithee ¢asingowThe qooligg tubetdrray %mqmmtqbpmve@mt ream

f th | 58 t .h tfl ' th th
Ui t ab EhiED Brovis ool besal Shtfihvg cpiplng Sl M Sutha S BRI Bond! 2
as contgpld %ﬁ&’ p&F @& hniques mﬁ:hmﬁxgxﬁihhbm cﬁﬁia\ée cﬁﬁﬁhyﬁ{@dlli}e couplifignising s

fl ow t hrrough the gas di scharge branch . In one greferred form .
t he val Wekhl@&rabrdzm5 édwrb@“{eh,e@ﬁa*t?éwg F@U@r bq,c@gstructe §

control bot h tions downst r eam si de - of
" control Iﬂ?ﬁa 88%‘“?? cﬁ'ﬁw«g d; lgretﬁg%ggl?atgi#jeﬂioltvesﬂ-%ghaust at an el evation
bgsow t ee 65%he léutflow cooler dﬁoga1331p1%féi'ﬁbl§vhmMudts| i flovdsdiderse 6802 Biomch
680 whi ch ext ends downwar d rom tee 651, The |iquids dlS P}grge
i s proviliyerteniG30 is wapisplly I‘I!%‘Fm?‘i‘ é°f‘lle§ﬂ the flow of AMigqing gases A%RLE
provi de 4 r gl
et ve ol ifle MAIRER Bh (OLRAE 2ot MO & efartiecoly made RORTEL
.11 qui dstepaperhtave fresistanpanstetial; Gdh- as qnaﬂs,edowmhstgmﬂ ahgadirect aflow8af died -

then to a 20 suitable drain_for disp of acid contai wa
st r eansPprocessing gasefod S eé?ﬁ‘dlsengr'g‘F soed °r°ss'se°t‘°nal'l'ﬁ’éeat htg} n’ﬁf’w ?Ibveég% or
QIQII S Phih&ds0! the O\Rﬁf)ﬁif%fuﬁﬂengum%lﬁgﬂéag& Rl P 1O ESoled, mtenol\/\éf&r $valld or

er sem conductor articles are first processed by | oading the articles
into thprqundexb@orhneﬂﬁ(ﬁ i sThel\divertayesise| hringmallputfissvingggases inte edasedoor
9 and

proximity with the cooled side walls. This improves heat exchange and‘ reduces the
‘temperature of the outflowing gases.
The flow diverter 630 is advantageously formed as an annular body havmg
25 relatively thin shell which can easﬂy respond to temperature variations. The top end
631 of the flow diverter is preferably provided with a bulbous shape which improves
flow thereover. The bottom end wall 632 has a vent hole 635 which allows gases
to move into or from the infeﬁor of the flow diverter as temperatures vary.
The flow diverter 630 is also preferably provided with a set of flow diverter
30 feet 636. Feet 636 are preferably prdvided in a tripod arrangement. The feet can
| be bonded to the bottom end wall 632. Feet 636 are advantageously made of quartz
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25 either manually or automatically placing the articles into the
| oadi ng @ﬁg%%roll. After the wafers have been pl agResdepsi2Be .
l.oadi ng r‘, then the wafers are held by inventorying the wafers
on ‘i.nventory stand 13 or other suitable structure. _ In
processor t he inventoried wafers anre then.preferably felocat 140 e
vent oy SBeiRe made bf ShErarh el e 8WTHRERE ol 0% Prifiotsd Rl
vaf ers. o80the ihbEntiaH,i e CReY 66360'hawphn>?bﬂ>’bbﬂ?drﬂ| Y65t GarfRydsnaviibe vl &fs
fromthe wafer carriers . A7 usi ng he wafer transfer mechani sm 48.
Each waftemplementany refatipaship avitha siaped shoulder 640 formed on the liner 605.
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nCT/ Usosy 0aadie 3P HNEPi0vs o proferred outflow plumbing arangemept wspd with the

adj aceniprédesidic 10 orbémahe oaofdew. cdoler 600 is utilézedDs Thpraitiowefiomeddulers 60te
rel ocating_ takes place hy rr%gi ng the wafers fromthe I nyentory._.

podi ti oib dissharge pP2 i plembedhito syteerfiel r elesc 851 yanmher dp o iaps ihiscbarsst biee by
MOVi NG 1688 Which! fahin tiéy eQlon694 'Whikh'Ss $8%e $he Y 637, SA E{)&fl?oly%l%cal
changes are avol ded. 5 Processing also preferably includes
t he st e58fisopentioiied by pvabwes somtgoliers€%? which is comtralledodirentlyees indirectly
chanber (16, This i.s dong by refragting the head.,assegbly 25., . _
Cpvar di Y thengencealy cpnoller Pescelbed o)y  Aepwge duRas GROskpmplied welpEn A
first : | eR, i - js : :
assenbl .;/) thBeu%d\%h/a{cglc‘;'/ﬂggi%tg t bwygﬁggﬁfgﬁ‘gﬁ%ﬁgﬁﬁgn{r@g& gg‘tﬁi ﬁ%atgé\ltagil? her
belof ol | puege gas.coThempurge tfitling GGl isseppligd WwithDpurger gas astdongrofled by purge

pr ocessi t ube,  asse . Jhe processi ube ass ly is lifted

v di it GoRGol s ey Yt RSB Piralt dlas My bahethe, ges discheies, rasgh
whi ch args3, In oné PréfRele@0form, the valves 65874I°865 NanUBe HftephitedBlo ProHiagsor
10 al so preferably includes |oading the waf ers or ofher

sem conaimubaneousi cindwol Jof hath dunttéonsr frowsa isingld mait. 1The Hommstrearh orides of 5

by provi di an.arr, of sem cqonductor..articl es, suppor.ted. upon the

proc essicﬁ_ﬁ{}gbé'ta.lve 638 33 cl‘ﬁ‘é’ef’té’gdpn@ ﬁ%gﬂ@a%?ﬁl‘ ‘b‘é&gﬁyelﬁ\fagﬁﬂ‘pﬁﬁgg?feﬁebgﬁl'
-trensferring gige 310486 Sshowan tidRidy @ischarge brandhP@3@ Widkh Xktéitist d¢wnwardly
processi ng boat array using wafer transfer 48. This transferring and

r el ocat ifrempies &5db| yThekbquids adischargaisi peovided \withr &8 watarhflusk avia dlush
v

The | rothBREcter §53 IR 5 PP P i Bhedt % iomigal WS, Bltedlid S0l

- Vessel-aidantehstARe 4683y AN Gbesdndibstopr684 san nglvaRrageeisty es exhployed. - “The™ « o

closing . .. operation advant 8gequsly i.ncl udes ext endi n&rt hg l.ﬁr ocessi ng
- tube 18 ligwigsar 09"’5\’9!11 connectory 08} 1% m@sﬁﬁﬁd&}gglghn@gasp rtxa\?ﬁ and then foa& = -

P8 B e it et Wfing i A 010 20 on | ver o
Methods and Operation : _
The thermal processor 10 is prefefably operated using the following methods.
_ Wafers 14 or other semiconductor articles are first processed by loading the articles
into the processor. This is advantageously done by opening the access door 9 and
25 | either manually or automatically placing the articles into the loading chamber 11.
After the _Wafers have been placed into the loading chamber, then the wafers are held
by inventorying the wafers on inventory stand 13 or othér suitable structure.
In pr(;qessqr 10 the inventoried wafers are then preferably relocated from the
- 'inventory' position by transfern'ng the wafers. This is done by moving the wafers.
30 The moving operation typically involves removing the wafers from the wafer carriers |

17 using the wafer transfer mechanism 48. Each wafer is moved by relocating the
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25 extendi ng the processing head 25 downwardly. This is advantageously

done by Wﬁ‘fs’&%%ﬁ)(tendl ng the actuators-28 and novi hg the fagrRasoiat er -
assenbl y war dl y. .. If the processing tube assenbly is al ready
| owered, then the actuators 26 are simul taneously retracted as the

ct uat 8 t ended. . __.Th th | i.ncl ud | di
T naC o RET tha\EReR TG, b SRieRIR IRsaion Gime) 6, fe IRMRE METREC ot | ng
vessel itfe pitst igrofepdd rhbhot®the dsloatiiy tdkeb ljﬂ@cehﬁﬁt&a@ﬂng the wafeRefrom the.

processing vessel and processing chanber with the furnace heater assenbly
22. inventory positions to- the pre-load boat 54.- - The relocating iggferably takes place by

PCT/ US98/ 04323, . ..~ WD, 98/ : 0 - The heati ng.can be . dong al one_ or
it h ot REVE dbexrieer ot ik SRRbcr PRy e ARE ey rdetionRo Mar Yoo e
articl eard @veiledpus chem cals, particularly gases, as is well-known in

the art. During processing, the processing chanber can be supplied with
desSred Prpeessings alsg preferably; moludes (heosteyirf epaning the prgesssingavessehen
cool ed ' ' : TR, h € 1.or rf r '

Af ter tﬁé %ieoé’gp%g#;g%cc@(%%md lghhgt%%&arb ighgas?{lg etﬁggl](') gdgg%%ﬁ%ozoﬁ i ng
step i s upmairdlyabl Thef fetrdctidgbis papablei of) being | dotiendn aseparaté stepd. i ng ffirsd d
fl ow adj acent .the . processing,vessel. The first gqoljng fluid flowis
advant adeGtRing sispoprineRdeiracing g hithaon b eoopity 1 Pl veiE
processipghafdia e’ 1ielre®itdinznOh NG B Yollowed o?'&ﬁ%ﬁxﬂ%tﬁ“fa%o@i’até& wille
processing tube 18. 10 "The cooling step is also preferabl

ef f(ect edetvgctimgtheli prpcessing dwbepssemblyondThe processing itne fdssémblyl dsv lifted

adj acent_to the.furnace heati assenbly. -The secqongd-cooling,. . ..., fluid |
flow is “é’b‘(ﬂé&@a&éo%l gﬁ%&ﬁaﬁpﬁgg h‘é%n%)P%F?ﬁﬂ% t‘?‘#ﬁ@ﬂd’!"?‘ﬁé"fﬁ?%ﬁ AV RES ol y
and al onggrhdiegl nsi de of the heater subassenbly. The second cooling fluid

flowis preferab[y done in countervailing relationship-to the first"
cool i ng. f 1 ui dPrbkessinglsings thermad uprogessar | 10hqlse paeferatdni inclwiebeloadihgndhe

bart | o YeHlER S OfiE S ediefeF rupele 13°H the processinBcbirh iy d B BgrHors
. pre§ er alyyy pioVadingdea® ReRyN6f sbRidonaa6es itcleh anppsried Pbn the p&@éﬁsﬁﬂgg boat.
a

desired anount_of tine. The opening is the sane or simlar to th
descr i bekhealnading 39 advantageouslyrigecoraplished by transferringthe svafersfem ihe pre-

o et S R A sy Yl Ml 0 it

done by dndayetdcaking Nrefdiabivaakes phate dyhfiioviigTEleo idbat ait the tsalecor hearyahe
cool it ng boat 56. Thereafter the wafers can cgntinue to cool in the cooling
boat.  same elevation spqthabsiacal dmesy arfeaveidetiude transferring the

T e Lt TRk Spiion SR b WAL Wl NS ey
- vessel to substantially enclose the processing chamber therewithin. The closing
operation advantageously includes extending the processing tube 18 downwardly and
- over the processing array. This is most preferably accomplished by extending the
actuators 26 and lowering the lift ring 30. The closing 6peration can also involve
25 extending the processing head 25 downwardly. This is advantageously done by
extending the actuators 28 and moving the furnace heater assembly 22 downwardly. |
If the processing tube assembly is already lowered, then the actuators 26 are
simultaneously retracted as the..ac'tuato_,rs 28 are extended. | _
| The methods also include providing a furnace heater having a furnace chamber
30 within which the processing vessel is positioned. The fnethods also include heating

the processing vessel and processing chamber with the furnace heater assembly 22.
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renoved. The transferring is advantageously done by noving the articles to
waf er Sarri ers 17 or simlar carriers for hol di ngpdinesosnas2al es.
. Fut nac¥OsBaas Controller e It will be appreciated that it~
becones necessary to use a sophr sti cat ed dynam ¢ 30 control system in
order g E‘H#Iﬁ%i’%aﬂ BedoRE HOnd oeWith dthed éf&é&élﬂ éf\éﬁshiﬁo‘i’vl exposing the
processrng chamber 16 during various processing cycles. erature nust
be semiconductor articles to various chemicals, particularly gases, as is well-knm in

98/ 396%l JQ'98/ 4323
. dynani B8 15 ndMHRE HIOIEIRAdhE HIORFSING Shagbeh saBcbe wupplpd ith Gesife

- ther ”%?H@ésﬁ%] bases via tub%“ﬂ?é?’ﬁl‘ﬁé o‘ﬂ?ﬂl&wﬁﬁ Bhdeli die tthén W&?@@%yn&saﬁﬁgﬁg
pro er

vi a ile nmocoupl es.180. e same time, tinmely and accurate
decr si them ﬂlrgugbethnmtsfwmn@iearﬁtﬂohow " long each heater el enent

t 90- | d_be ed and tjvat in: t
EReve. hehdet PeRebEor Ertpmlised hER BR A ERS! sEahasled; ThrShofibics ' o
charrbegte;i Gs PEe Seferatilycaffedtéd by ﬁfd%dmgaolf AoR3BE 2 TVR! cootitly’ PulE Tlowp djscensed.

nace power controller 350 is preferably inplenmented in
con j untbei processing vessrlel The first qogling Buwidt flow &y adwamtageowshe actamphshed

resporket Ay, (€ eRE il P e dfecolbiNB! Grabibeheal g speLERSS

nNeasur géng efpehitbidecst ¢y proveesikg qubdei g her mocoupl es. 10 - The
“furnace pomer controller 50 is hosted on a control _conputer, .such as an
W0tel basedThomoling SieRids AlonprebeEbly eiecietdy BAVIGiDE oI HovHBE |7 pecond

L1 Sl i o, BASFE, BF 0l R Mkl TR TSiAl gl o

based figidt flow 6 advmiwgmﬂily atcomplishednby dlviinglthe cooling fluid elmh&t-dlgrrpl oys
multi-variable real-tine feedback control. Preferably, the nodel -

based #h@ieng dhe gpside of tsr beire sphassembln: chee wprand eeling Haid t!arvr ip

d Th

cot | neprederasly 86 PPLALT Nl ReAMbAfip o e Bk BANRPERHY HONT The,
i5del i tgundetvailing relaiddnshimtis dest dohe segtegatedhalengropposite sidés wfifaccommon

t enperagture and deV|c rt| such as oxi de and

pol y'srﬁ? ﬁ}’r‘?% ﬁ‘i‘%?(&’étén’a?ﬂf hops 1R E‘E‘ $ei that are needed to
optim ze wafge 2flihodsUishOpriftsabR dnbli €l fro égﬁfxpde?tméﬂer
352 consi. stgﬁof opt? ns1 gas |g B! n@l ?EV\?&%%H ng a %ro the
- fur nacecoting sadeared sinpowds of i thus. tr’ﬁlet lopeming is' the samehavi simildr 0 that™
particyl ar, fg B ce resulting fromdata acquired fromtest experinents.

that e %ﬁ?‘& ¥Eteri‘zati on" of the heater power requirements and

boer mocoupl ghe method%&&bﬁ@@ieﬁabi?anlude unloadti[QQhé apalfel it APNtsueh system
348 illustrated in Fig. 23 can i enent conp mul ti-variabl e

cont r oby asing ¢he eyiomated afer %msfqrm&;f Tt@aunloa@mg e the prepessingnbentsiswhi ch

advantageously done by transfemng_ the wafers or other semlconductor articles to the

cooling boat 56. Thereafter the wafers can continue to cool in the co'oling boat.
The methods can further include fransferring the articles 14 from the cooling
25 = boat to the inventory stand 13, and then inventorying the articles thereon until
removed. The transfemng is advantageously done by movmg the articles to wafer
carriers 17 or similar carriers for holding "the articles.
_ Furnace Power Controller _ _
It will be appreciated that it becomes necessary to use a sophisticated dynamic
30 . control system in order to achieve a uniformed thermal distribution within a

processing chamber 16 during various processing cycles. Temperature must be
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represents a significant enhancenent over existing prior art commercial PID

- controllers. 0 Preferably, the furnace power controller ReRussamasae
. hodel -Wz%‘@(s%l control l.er 352 both utilize a standard rack nount ¥ hat
fits directly into conputer 30 control cabinet 58 formng part of the

tail gﬁ%drﬂﬁaﬂ ¢ mbRitORA" BhisRId tHeNBrdceésiRE Lhdmber via sgik% ﬁleﬁﬁbébnﬁﬂ&é 128

coupl e o send thernocoupl e neasurenents, as input t he nodel -base

34 and 130 as WeeldSis3svitiGn the processing chamber v1a proﬁle thermocouples 180.
PCT/ US98/ 4323 controller 352 as.shown 3. rol l.ey 352
receiv FieSame B HBTLY g, apeurate geclﬂﬂﬂs §‘é gﬁ °Eo‘ﬁﬂ%{hd‘ nd; Bo%,

di rect{ghg teaéhhﬁeitaf RAdGRentCRipertnt U5 anﬁhﬁomﬁshld be actiP@Me8 ARNBERIvAted352
sends stat us signals to the furnace power controller 350 and the

cont r oftl erdeg30 anhirys thet desined tunifogmathermal presessing envirenmag2n the process

_ ntrol er. 352 _i s.preferabl riable contr Vi n mo pes
of st chgnbet 36 T8 ErBEE dhislrelily o, YRRacE pvER ShbRolfr. 338 e Hhelino A
flat tGghged powes cdntrofler 350 is Mmg iplebmed llﬂfboﬁjt&xhtléﬂ mtﬂoaambag set
point trajectories. In this manner, nodel - based te erature S

char acbasedzeantiolles 3y in grdege mcaclhfnﬁ@i acenraisly gonter the aﬁFh‘@”&%’m r ed
t fy
Thi s et s Eqhely S debfied Mol aBR borpfted ) EPRRGer YO D

-l ti - m’Jeruredvam;fapétaresoabtranidde{rxav\mecnmﬂaeso@nes)n l'ine nodel to generate
estimates of wafer nper at ur es. Fig. 24 is a block
difagram of ke Bunrge power ﬁpmmll%l $Q ds thogtsd e@)rpprsp@tmgc@mputer, sugkyr as @fr ed

e o sl "SRBRE SRR 10 okl Sanhii b ol RGBT RalPNE. SEReBELGR 3,

anci | | prefedred mo&@ldﬁ&baboﬂ”tﬁﬂld?rlsmbﬂefé}amhbstb@ Pl ejakdty ¢oipwededfi thet he

furnace. Preferably, silicon controlled rectifiers (SCR) 392 are

} npl enesme Prt §milenidesignt hdha deedel bassseronstailer yimplements agiealtimpcophake ang:c e
| ;: zgrsgﬂ \?g’r & el 16)gﬁs rrﬂlflta%ﬂatglgqaegﬁ-txEx'e?fegﬁ&acgegdﬁg}ogO;[,éi'r%fﬁ?ﬁgl?u kﬁ% m({dei- 0

Zlcsnes based controllee 52r ixace,sofiviae-bastdpepstent whichr abesa\eaipifibaley t derbuadpl v -
power to each of the twp 20 zones. For, exanpl e, heater elenments 90 and

91 canppeEmaiers| Whishpproxids relativelip @gpd predictive gstimation: of Jvaigr fergperptyres.
Addi ti onal | by é‘{tﬂ)gl %%tzlee%§ fH%ahgglth%ﬁl §+1€%8de& &escribes theoﬁa];a%ﬁtﬂb ly

wi |l be conne sanme ernating current power [1ne.
~ As .showf wafdri gemﬁexat\aem mnbpch%lmraxhhs@&hqufropmmt giich3=s mprld |aml a

set poin comm tog .t ovve c ntrol; podul e 354 b 0 erial _
commundé SFERRE, ik CfclghesR, el AR (datver it Bred it Mesdod forn BRPEEes BT al ays
m) duI eumtﬁ g R ryroe&mneyae @m@edfrﬁet @&&(?1%5 DIOEERINE 6’f68geﬁnmﬁm

poi'nt command received by the m croprocessor
def i nesoftware ewmprisihgaal modelr of thevdfutmace that accurately describes the thermal

behavior of a particular furnace reéulting from data acquired from test experiments

U—
3—1

~that enable characterization of the heater power requirements and thermocouple

~ measurements. _ :
25 The resulting control .system 348 illustrated in Fig. 23'éan_'implement complex
- multi-variable controllers to regulate application of heat via the heater elements which
represents a significant enhancement over existing prior art commercial PID
controllers.  Preferably, the furnace power controller 350 and the modei-bése
controller 352 both utilize a standard rack mount that fits directly into computer
30 control cabinet 58 forming part of the tail section 42. In operation, the furnace 22

is electrically coupled to send thermocouple measurements as input to the model-base
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In this manner, host conputer 356 is configured to read the neasured | oad

power in - watts over the serial comunication |ink péfysédnass a gang
of poneWaWH6W | ers 30 may share the sanme serial communications I¥nk
358, wherein each controller nodule or circuit 354 is assigned a

ggl quel Xor{tldoq etrli{ﬁaagslg%gtg\gggﬁsﬁig. 23. Controller 352 receives the thermocouple signals

PCT/ US98{{48#® heater command sinals ditbétlymeithe fabhceonConuatrentlycther oiodgl-t o
the | ayout of Fi ? 24 provides several unique features.__ln (ggﬁ case,
t he hosbasgopeniralier33¥? sends stapls sigaals to the fumags, pawet sgptrefier; 330 Apdidhe pase -

controller _ s I | conput er 't hat’
control §°Iftﬁ(§?%v\§ﬂgte}g &e]sfts%t]t gﬁ%%%?%%%r@%%ﬁ@? ‘é%?%am e is the desired
| oad power a@bntiotiend52sisqireferabdy 4 naultitvaeiablededntivdlee having two [tgpes ofAset

second 5  desirable feature results_hecause circuit dul e 354 neasyres
both t hpoinsatraiestanigse namely, &qgulthyaniable eentrdnbayisg HatHrAPERpRs %'Ufé i
that the actual del puered f Nee : el &e
ot cul afgRn opERIBEUGE VR GfhelballiEhoct point hfRCor, CURTRRL HENGE e

- nodul e Rllef-basErl ferhpetetupe\ierchameteridelein obdderetopmaké ondfer temperatnresi follpwi n

t he mopdul e adj usts the firing angle of SCR s, via a.control lo in
order t thendpsirste sehpoiny trajegiaues é@%ébﬁe?w? r”g’ﬁm"? WWB%‘?-%%‘@WCQHF?‘OI er

352 del iver th ] d éﬂﬁ? r 883 |20V o hidti-
vol tageﬂgﬁa‘gg%%%’ iarrgléggﬁg%%éthrt eé?tr%? g?ﬂfrﬁﬁ(r?@gg%ns%ﬂé 352 toog caorrmarlld
Vilg conyuiiabiet icontrollek whidh tbes air onilinemonoded 8H4genktdte r egtimates haf wafer
~nmeasured power presently being delivered to the load, in watts. Another
uni que temperatrg%t ure results since the power measurement circuitry in the
modul e det er Ig;pes - : Qe ; S $if
enabl es the glgbu%{‘ qrg}o%ﬁ}ogkt%lg?%ggolnd eoﬁb\ﬁexc%fgx]g?oc}% ﬁg&% glr%gegéfl%“lli gea
vol t age p?éfeh@dcfghﬁ' p@ldﬁrrgﬁ:e controllel% 350. Cirbuip3sH fotmp avarodaien that eontrols
circuits 366 and 367 and a pair of SCR trigger timn ircuits 368
and 370 the ecth PO SUPPLIS) ERbcRE e Bpating Slomsgiz ARGl O rgad any ancillary
algeernat | u sLi ! ' S MRefehbip, ifibdd S
o oo el ek el wARICnish 6o opHERGITIRIIR AR WefcibIf, fifted
t 0 bet t ebntrotied SeatifletshéSCRN 92 om=z| implamenteek i conobthe iactual tpovwstusupply

Shown | wetnE the Dbt apile” GRPE HATESeToE e SCRAver vid PR U picuit *©

- conti 9”-(&%%%&??&8%&&%@4& fubBule capabld Of GuBHNAH lf,ggdér Chr ivRg Heleer Pt ifite "

and negative half cycles of an alternating curren de
i n the |thedupmaces with $udependentpeantrol savailehlecta supply3powento Fagh of the two'g

provi ded for ch heater .element. Th ri timng ci.f cujts :
DY St SEal DR AR el 00 ST chh R SR
wherei n 8 BbMicfdOGK Fig, 23. ARMIEbALIDY, el kb 1zoh8) WPPHEAIDS aasibighth module
frequency cliock fromthe alternating current, . ]
preferably will be connected to the same phase of an alternating current power line.
As shown in Fig. 23, a microprocessor based host computer 356 supplies a
set point command to the power control module 354 by way of a serial
25 communications link 358. A communication interface 360 on module 354 relays the
set point command to a dedicated microprocessor 362 on the module. The set point
command received by the microprocessor 362 defines the desired load power in watts.
In this manner, host computer 356 is configured to read the measured load power in
watts over the serial communication link 358. Hence, 2 gang of power controllers |
30 may share the same serial communications link 358, wherein each controller module

or circuit 354 is assigned a uniquely identifiable address.
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(AC) power line to synchronize operation of each tri gger circuit. 30

A power neasurenent circuit 366 and 367 is shown confi gurP%q Jes/gRasur e t he
act ual WOWes9@el i vered to the |oad fromeach heating el eent on a cyclie by
cycle S T _ - 36 . WO

- 98/ 39610 . . . PO £P4323
basis. Each ‘opcﬁkgimtnﬂ‘ggﬂlree%%tcoﬁ%cﬁ?d[ acgording foothe layout of Fig., nﬁr(g t@gg to an
A D _seveﬁpnﬂﬁfq}i@r festfirednd BSBofida¢asp) OlleC dosta cbngputerl 386 omprizesi $heé ng

of an integral of the i nput vol tage_over a conplete cygle of the AC
|i ne vahicseproceasoh of thecmedsh-base controller352, sush £hat, the, inpiy °%|ﬂi*%3l98€ 0

-frequency (VY-F onvert e . e 54 ==Y seveby ik ati P fad s a

train domges,thef SPUERs e 10 AfMer Clements conBBRRAE RK Th¥dulL T8 (nf ddHES

del i verjgsd i péwert hpdanal @eatisnPblained Heomutire madedbasalivontrolier. dud myceat h

cycle and counted wherein the m cyopraocessor reﬁd-iht;@?e stpored val ue
% Rat A@@O

i 5 a | atesirablgsfaatunegresults becaysgneirqrit maduic adnmepsure YR4PER

del i vere o the in nyveet )

counti rﬂj‘%t h'ée g?ﬂds 838-?.@ ?%reg%hglu% erﬁgt&% Eethgtn eo%' %g$8%F§MM EBIwhe ?((:31?1
Wil begohdidepesidpizht Gant be dal@ratedcy Aof additiod@l lunique féature results bécaustie
above manner, the average power delivered to the |oad,, O{aﬁ@arti C&I”yar th
heat er aifcuitemodulei3Sdqiosms & feiecpewsr seneler niMeg partisnianyy, sincpilty 4 the
pul ses in.the_.. o t ' : eI car nner,
t he furrﬁgé‘éﬂp%%§tsc%ﬁt] };Itgfrigl@ Oftm‘g%ag‘{aﬁ J‘Q‘ |Cl\k/)§¥ dsiigdt}aglﬁofdntg c%%ﬁ%l%s to
thg nodgdsiteds pedwepnfroml Itks modeldbased acontiollet 352 deliveredntmithet loadsin ithk.

The set point commands are {he actual ad, power transnm.tted 15 - to _each
heat i ngpresensenef waTiathionss ip dingi v@épasyar&i) :i?qdo FmB?J%Q {ﬁlfﬁ}?&@?wz N JTRARST e

dynam cal By QBN GRS on link 358, the ciddilmRble 854Skl tesirenRe ! O

Fig. 25, power swich ceircult : roma pair of
seni conghegéired CpowED Ipréstntlgcheihf edelivefiédR te) thaoadh dunwetisine dnethasaumique .

to back and parallel with a metal oxide varistor (‘;é(’\@/) 384 agq a .

r esi st ofgatipaxssilis spnre the REYeS MgAsWIemen ClEpRng e mofiule; deterpines gy e,
aLe intergo ' al,l g : ; ' ' eCtoF irésanlr Y
' Ség for g §§$§E g’gr %‘ Pcaﬁ:f%?) S't §Péd? rqaalge‘r’m%ﬁhpgﬁé@g%é%é %%hﬁ%gggle:%% ds{i"sécussed
her eaf t gipidifh® shesgdsnin tihededtage drhlvadi ingpedange.398 route a trigger

pul se to one of the SCR s that is forward_biased that ting .resul t,
the power . A pairgQf pewer -Q@ﬁ‘&‘lﬂ’@&t PH%&EE@J@U?@]@“E& Rait 9% S@?c?réég%f' an
AC |1 NeLBRNET cirdilts 368CHld 13903k coltfldie®TRaepeiiently Afctic>dichneity Gimbge by
over voltag #ransi ent s through el ectrical configuration of the MV
394 andakembting @@Ent powehdineasTheréfore, no adjustments to, dhet eigenitsr argsnesded '

vari stor 394 and.snuagb 32@ ﬁgﬁgerate to shunt or limt the rate of
r #0e of Wlﬁe§e°12ﬁra§}6f¥t gﬁi\?/ﬁ e peak of voltage across the SCR devi ces,
especi al | y WhgNo 318k tt6 b &teer! iufiBratahi® HE CuREtidrih] ScHakRedistigs SéRCcircoit mbdole

subj ected to . o _ ]
~ 354, various circuit subassemblies are further depicted in Figs. 25-29. As s__hown in

Q

D

NS

U

Fig. 24, circuit 354 includes a power switch circuit configured to enable the switch
~ to conduct both during the positive and négative half cycles of an alfemating current
25 wave form provided in the line power. A separate power switch circuit 372 and 374 -
| is provided for each heater element. The trigger timing circuits 368 and 370 gré '
shown ‘configured to each form a timing circuit, respectively wherein a_PLL_ clock
- generator circuit 380 generates a high. frequency clock from the alternatjng current,
(AC) power line to synchronize operation of each trigger circuit. '
30 © A power measurement circuif 366 and 367 is shown configured to measure the

~actual power delivered to the load from each heating element on a cycle by cycle
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30 an ext er nal voltage transient. Therefore, the rate of rise or fall of

current tv&;gsu r61m t he d_ev.ll ;e when -svm t chi ng onor Offpc&ﬁﬁﬁﬁmiwe_l__y s -
limted. RRSARS 37 :

WO 98/ 39610 ' _ - o

PCT/ US98{ 0432 - i.9. 26 . kC. Lageh Ci ' 4 TEd
circuit é%%é;l gEasclhrrP PAF ym%aosﬁﬁt'g%xrge%}?&llpg% &igézg\%n%hoﬁhrggﬁﬁ ‘g%ré tc? i %%8?@5

consi st Sceveitefl 386 bad 383G/t prodacest #rdigitdl oatpudtbnsisling of an integrat of 173
and a firing circuit 375. The datad&at h is configured to_hold di gital
val ue wr inpnvQliage; OBSt AneOTRPISIG SYBIee 8k dhe A0 ling valizgee Eeeh /D (FoMNertet: o

e e RN pTasugly Ayl ) B o2,
gener at egespyctively,Pthat giroditccegeadrain oof outpatipnises represé@fiingda sliscsetechmount of

hereafter. Wien_ a zerpo crossing pul se curs, the counter is, preset to

t he Sval ugharge dsivered WO dhe ZNRRECRPUL 1A hecamles: terasumiAted dyging &seh qrcle
preset v TRT ¢ TR L C , [ ' :
flip-fl o%}‘g%"ﬁnéeds Syttt e f‘%-eﬁ’%'%sg" “5?%‘32"%%"@?‘8% gf‘%”%%%}f%ﬁgcm
i sol at or f/3h38.thd wuaptsuchlthats theahoerage chasggeodekvdred tthethé Ginput 9f ghal cotivesters

the firing circuit whi anplifies the output, signal fromthe optical

i sol at or c@®B ke M%"@“BPS g?)f cPupung thappylsesaan tthe tqquptasr ak ke r?ﬁﬂn"}séﬁe Lycle -
Addi t i onglyl: . : | i r 0¥ | inthe firing circuit -
in order %{héé}} c‘ﬂgleb? hlgaﬁ%gsgg of tﬁgeﬁec@é?gg otq.o&\ﬁh‘lx‘cqﬁgs'er SCR is forward-

bi aged at thafIntih#eabove manner, the veragdponazedsiiveral tdahedoadeor iparticdart
with a value near it's maxi mumcount, 15 . the counter will count up to
it's maxhERter clamentywdurng Qoe can hexdetenmingd from | the number of; plser i the

switch w A ; [ C. h | '

conduct f éémgrrlgg g d(l)%%ﬁ ﬂgﬁcﬁe}&?ﬁi ﬁgﬁ%’ ?&‘Pé %’?‘Tﬁé%%%ﬁ%?ﬁb% g@%@%ﬁt, a
| ar ge 350 camndeliterofetppoint coirinhande tdethe wnodsl-based benttodled. 352notdrea seralt
the counter is- preset., with a value of near zero, it wll take man

i nput ¢l Semanynications ligk.  The ek pomt commands dre din@actuah load PoxsE syt
POVl - Swieh Clhol hbathfy dIMBR" HhidPAS feB8vER by lcontroller 3500 Wit MValnate
cycl'e of the ACTine power, thereby resulting a ['ittle power delivere

to the | dydamically gewehedter vommande. nunber of clock pul ses produced by the

PLL cl generator gircuit 330 ring each halJf cycle is, foynd t
be equal to tﬁgﬁh particular JEIEeRCE Ji9nt1 fzdsgtfécgd?ﬂweé'r swigh reuit 372 “”I’#gnﬂﬁ se

| ock | 00Mdnfld-bafi-OF keBRRIGALRE COntioliel 12BAHEANGCERE 392Midvn connected back "
frequency clock that is synchronized at the phase of a transmtted signal;

nanel y,- 4, back and-parallehewith i metalgoxide vanstos (WVEDV b 394 candni gesistor/gapastior

cl S d by ,bot converters 386,and 388 as wel] .as the
tri‘gger uf‘f"é’@és:;bé;%[)g‘fo.s% S’smﬂﬁ(’r and an%llfe’l':iaée. 'mtfé‘:'onc“ﬁ(égegl B‘CParaH%FR
gener at Ohyigp Wb dd $teeting REAS QirceRtie 398 ORPmEd 'ilal pdr@idn of the trigger circuit 368

and 370 discussed hereafter. The steering diodes in the circuitry 398 route a trigger

pulse to one of the SCR's. that is forward biased at that time. As a result, the power

switch is enabled to conduct during both half cycles of an AC line power.

25 ‘Additionally, both SCR's are protected from damége by over voltage transients
through electrical configuration of the MOV 394 and snubber 396. In the case of

an over voltage transient, varistor 394 and snubber 396 cooperate to shunt or limit

~ the réte of rate. of rise of voltage where the peak of voltage across the SCR devices,
especially when switching from a conductor to a blocking state or when .subjected to

30 " an external voltage transient. Therefore, the rate of rise or fall of current through

the device when switching on or off,'respectivel'y is limited.
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30  interconnected with a digital counter 402 and gating circuits 404.

I n oper he digital counter 402 is driven by a hi gpcrhRosiensy voI t age
.38 Wb bitend VO 98/ 39610

PCT/ US98/ 04323 controll ed oscillator (VCO) 406 I n operation, the
phase | ockeg:l 0 f e

oscil | at or %6% %)ér:tdlé*’{c?‘ﬁmgﬁ%? %ucmt 74 SQI‘H%%P hg‘%(t:gll’?g?l é ﬁﬁﬁlaﬂg écﬂl?igured

synchr @i gtriwgnthel triggeh&:xmnttuéorxswtss es d datahlatcheB69,C4 @oanetITA] @k qbtxdahput
sult, .the_ oscillator 406 becones synchronj,ze

I 408.
t 'hgeAcmoIvfter BBt a@ a ﬁﬁagt%cmt 375. Fhe deta latphy iscepndiguiedoto pald a digi at or

----b-ec-orre I y T e

_oscil I %%{@ps&cgﬂg %ﬂogfocfeél ng OgITChezlvra%:uuel Ffo %ﬂgv&fgé c%di&']ﬁ%h
confi gubﬂﬁoltsahs Uaed ymgllseata\bhmh theSSII:R's rB92civild besiripgatedt 0 ThBecohfdr cmnussr t er
386 and 388 and the trigger circuits 32;68 and 370..The gating, circuit

404 i stheonrlsgarafgtheohigh frequegmsptrlycls \Eeagrated by nihesPhhglack chBSItaFPrt figcyi} D
Conve”g% bt sEE'd? Heféaqga[ gvﬂeﬁué [1epohe pulse odilifs %esw*ﬁgsie%' sCQIZ[Qé%gI?Y

known &I T cui ferring no

the pogss vanasswmﬂeint thei datwilatcBS6The colihtes thai ecunts up: &omt t}hs Prexgt avahieep
down transforner 410, g current transforper 412 and an an \?\E‘
mul t i pHpE} 1t4&°¥°h® A dhREmygy coynts atiwhich \ime ds flinifer 877 'I"ffr'es“éo e fipdlaPement

circui rov1des B i ?n&lo 'tlgé"o?ﬂcﬁlolsmﬁuﬁ%t h’?h?%p'ﬁ%hl QQYE& ﬂ?&ésﬁgﬁﬁhtot fhet e

| oad, er el enen
nbocr oplsgmﬂ; sdmv$6mejfn'mg legrcalit| whmhedmpdl\ﬁes the outpuhfstgmaht from the @ptieal to

. adj ust ,t he conducti on of the,SCR s 392 in_order NRintain
e Sedfaliief JoubPulth BE LR oMo AP UBES > IBEeK, et Pas SRS AGBRNEBE and
load i gﬁ%ﬁﬁgc&odes 379 ar rovidéd "ifi YhkeSfi I’O%\ &chiBSd her Qgﬁ%u&o?tl ﬁ?g& to

conpute a val ue for ower measur enent s ge and
| oad-'cmpluisenta which rwbar&(lihémfsr\#/arddbmséd atdh&t0time. vaI ue is reduced to a

sui tabl e val ue wa f the step down transforng
Al £ Lonal | For b A28 svhere M, Sailer fepestauith o Value diset i¥s BYRTET RN
_ lisne. éﬂ_ . €ounter w1ll°éﬁd?h'tu VRJ §@0fak i dint tvﬁﬂl Wﬁnfzﬁ@@ﬁ:ﬁ:ﬁ MEAs 'asrémﬁ,vm

applie 0 an input of anal og multiplier Simlarly,
| oad cuhe eprwerr ewntahhwali bpg teiggeredt e@dy iim an AC oyalep| therehiyt bansing ciir toent

| anpiepst 17 mash bty B cxFRPE AR AC S a9 pd AL Scbbins

i nput Gindnt| S0 powet il BE  dbliderddUtd ithd 164d. 4 TA {HRCEVeNESha dbinterOfs Prsput
vol tages to produce a _vol ta%e output along line 418 that is

pr oporth&Ihaa Yajue hel meeﬁmo,oﬂt tWidl take many gaputy slackgetanrreunb e ctar ti’ésnt

I t I 418
appl | es %ﬁe | 13"{053%% a%(){&?é%@@ﬁd@'lﬁ%?)%g %ﬁgﬁlﬁw l%eou;[x%er%l éégg‘%ﬁe converter
386 38Be cuhent halfrgicley of ahepmmmvpdeér 4lidrebys resattirg hlittlenpuwdredeliverdd

to the load. As a general rule, the number of clock pulses produced by the PLL

clock gcrierator circuit 380 during each half cycle is found to be eciual to the
maximum count of the counter. | B
25 The phase lock loop (PLL) clock generator circuit 380 generates a high
frequency clock that is synchronized at the phase of a transmitted signal;- namely, an
AC power line signal. The synchronized high frequency clock is used by both A/D
~ converters 386 and 388 as well as the SCR ftrigger circuits 368 and 370. As shown
in Fig. 26, the clock generator consists of a  phase locked loop circuit 400
30 ~ interconnected with a digital counter 402 and gating circuits 404.

In operation, the digital counter 402 is driven by a high frequency voltage
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respect to the power I|ine.

39 WD 98/ 39610 . ' _ .
-PCT/ USS¥Pg#/33610 Fig. 28 depicts a pref err eFTBPER i on for
the A/D converter 386 and 388 whi ch fornms an integrating charge

bal ter.,th ' .OVi di gi.t al t put . t hat
corpr i ca8epHed; reilpeay GRS, Jo, onmlidie U, Brase 10%ked” ol sinatl 408,
to the afifuskd Rke Réduatey dfbme Oillater 486! Wntildthe? BalpR® pulsds! frdRD thes chaster
into the synchronous voltage to frequency (V-F) converter 390, such that

‘the 5in syoohropizasionswithpthedinma pulsesainnthef zenot puoss psdetecser at dinpusdine 408.put

pul se rgpresenti . a,di screte anount of .change,into the anal o

bt . Ame T 85, pgoiigtor 408, BEGhEs 3pttoniea GUATACT Hhe YhitsRE; 284 e
nunber rgéulfitp SRequbhicy NGl the @BEilIaic? Botonfes Mmalkiplevd Bk AC line féqlencyc! e,
the count in the counter is stored in a |atch 424 and the counter is reset

f & t hdheehighc frequenay escipatorcdifois seupledde theagatinghdogial aircuits # Q4 whickach
L2Len 10 coneifll8Hola supply the abB%e SRS FRRESAEME ¥ AR5 obrors LEPRAM
and t 388 and the trigger circuits 368 and 370. TH gh@ng Xrcait 40£ is! mlfigused 6
circuit 15 The t ot al char%e delivered to the input during one cycle of

t he ACsupply syrichrepdzing signals to hotlethe dyPecenvertdr lapdithe triggereciratit ghrosgh in

t he counter,at tgf erclimg)r}‘]theche.. imol tati ~[err]= Nt, where

Nis tr?é‘en%ﬁ_EYer B ‘|sesyilﬂf°t CUSHH; pplementations. The average charge

ldﬁi | ;/ﬁr eg ?hRéﬂ%ﬂrif@%dWQbeFig. .12 eth sovéit ﬁieaﬁﬂéﬁﬁ_ﬁ% ¢ir¢titesod s tillastidled

ength of the cycle. ' N

[err] -utilifingrg sieperdowm | transfermemdif, of cument yransfogmer hblZaandi an. analog _

Bt e B8R 413 Falt 98 inarky Sorfduelea’ OTRE ook Bikalihicht %ttt e
is configured to measure the actual power delivered to the load, e.g. a heater element,

on a cycle by cycle basis. The microprocessor 362 uses the delivered power
15 'i.nformation in order to adjust the conduction angle of the SCR's 392 in order to
- maintain the desired power output in the presence of variations in line voltage and
load impedance.
- Ciréuits 366 and 367 are each configured to compute a value for load power
from measurements: of load voltage and load current. An instantaneous load voltage
20  value is reduced to a suitable value by way of the step down transformer 410.
Additionally, transformer.410 also isolates the circuit from the power line. The
output voltage from the step down transformer is shown appiied to an input of the
analog multiplier 414. Similarly, the load current from a heating element 90 is
'sampled with the current transformer 412. An output voltage from the current
25 transformer 412 is amplified to a suitable level afterwhich it is applied to the second
input of analog multiplier 414. Multiplier 414 receives a pair of output voltages to
produce a voltage output along line 418 that is proportional to the product of the
load voltage and load current and is essentially the instantaneously load power.
_.I-I.ence, line 418 applies the instantaneous load power as an input to the 'A/D
30 converter 386, 388. Additioﬁally, a power switch 416 is serially connected with

respect to the power line,
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[err] [err] where mis the ratio of clock frequency to l'ine
frequency. _ The resulting. charge deliver 9§B&2'?‘nput- of -
t he V- PWoo8ee10er. can t hen be 30 determ ned fromthé nunber of pul ses
in the counter at ‘the end of the cycle and is I ndependent of the

_f4(r)equency of Fthe S‘g /cgggc%e a preferred construction for the A/D converter 386 and 388

PCT/ Usgwh%ﬁg%grms an_integratin chﬁf‘%"eaﬁﬂﬁnéé‘%oﬁ%ﬂégeﬁgmdrﬁérteo the input of

the V-F converter 1s proporiiona to the instantaneous power and
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Control l'e lon to the power control system descri bed |
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advantage usl OVId [ 0 r ef er abl
e % Biserole, amobht oF eBargeriptd hd WniioB ingut., Thedhbisd wh fed Bt CHERE,
descr i b%ézaé?ev %catmﬁ%svateeﬁaﬁbw 6f Pliles 'ﬂhﬁngeﬁeéxﬂbleﬁé) Bycie! | Af the end1gt ed
to 10 various conponents and sub’controllers used to provide proper

oper at i eactofcytles the count umthOupM(:lssstored if g.lagh 4%\mdcthmmntm 18\resht
the tou reen Iay Qpey at.or i t ches, 15a apd b,
and f orfor BRdIeKt HeRe; SHFRIReES 36, dhon FBRCHE! yalte' S0F dnRaBB eI o
i syl so veupEipet ed to the furnace power controller 350. Furnace power
controller 350 preferably has pI ural control functions which are dedicated
to the (Ther eharge reprasenteflhy aeh pulpsefrom thendy/-Priscessor 10. Power
~controller 350 receives signals from - - the general control | er 800 used
in control of the procgssorit,amberal iz & eorstumScureéland t is based control
signal s from nodel based cqpé pe},bgrof?;ﬁz otk PShedimtutd t her mal sensor
information fromsensors 128 and 180. The nodel based controller is also
connected to receive and prOV|de control signals to controller 800.
mal n a ' t u | Nf | S
SRt P chBkeoRdlited o 8 PUP YullRe! SITRIALLEE W IE TR Bl ) | o
t he gendhen repmtsembdlehy ﬂﬁf number mfctaﬂsesdns pheagomnter at Hke end of thec opcleol
functi ons. - General controller 800 also controls the actuators

26 and 28 whi ch pQ\Ner—- Nit, where N is the number ofpulses in the counter.

[ . —sng-

The average charge delivered dunng the cycle will be the total charge divided by the
20 iength of ‘the cycle. '

= Nt —_— where T is the length of one cycle of the ac Ime
T

Tave

But the PLL causes the frequency of the clock to be a fixed multlple of the AC line

frequency,
. 25 T = mt, thus,
Nit _ Ni _ . - _ |
Tave —-t = ~—, where m is the ratio of clock frequency to line frequency.
: m m . : .
The resulting charge delivered to the input of the V-F converter can then be
- 30 determmed from the number of pulses in the counter at the end of the cycle and 1s

independent of the frequency of the AC line.

40



operation of the head assenbly 25. A variety of fluid valves are

schemat i shown as processing fluids control valpegepsd@84zzdhe
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waf er transfer sub- control | er 804 associated with t he wafer transfer
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pr ef er r egenerdioslistant confrolier Iset)avmiclmrcaﬁtiamnﬁagafuw bepeovidedlin thecfbﬁdlofg to -

t he i nventi on. In conpliance with the st tute

i nvent i 0?88 ra@@nperégreblml@r#lnrmmea@éor based sygtsms, SHch as ?6.18>e<as to
tructur t

Chat t no st RO Eovd B2ledifent) thirel? the BRfRL BOfiro mnﬁw %

des@r i bevarimisncontpoaentsaand hsul&cmtdnllnrkossad mn]mowsde [prepexr mpdraftmnrmf othe
C1'ai roq. PHATEPY DICSHOE. B Ocitows Conmeriion ikl ol FFseH (BIBRBBEF 15bope
?Let ggcf‘ﬁb:réﬂg%vggc&bggsggﬁgopﬂ 4rid Yroh'p&hdl" iRlifkGtor lights 1158 MfaC P5EaNGEnephll N
controller 800 is also connected to the furnace power controller 350. Furnace power
controller 350 preferably has plural control functions which are dedicated to the plural
15 . heating zones used in the processor 10. Power controller 350 receives signals from
the general controller 800 used in control of the processor and also receives model
based control signals from model based controller 352 and associated thermal sensor
~information+from sensors 128-and 180. The model based controller is also connected
to receive and provide control signals to controller 800. Thermal sensors 180 and
20 128 provide -temperafure information which is primarily used in the power controller
but which is also supplied to the general controller for use in data display and other
o control functions. ' ' '
General controller 800 also controls the actuators 26 and 28 whlch power
operation of the head assembly 25. A variety of fluid valves are schematically
25  shown as processing fluids pohtrol valves 803. The general controller also provides
-and receives signals to and from a wafer transfer sub-controller 804 associated with
the wafer transfer 48 which controls the function of the wafer transfer.
| Controller or. controllers 800 also preferably take advantage of shared data |
memory 806 which can be utilized to the advantage of the general controller or other

30 confrollers forming part of the control system
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PCT/ USQ8 CLAIM5 - We claim lpcrruseBioasar mal
.-procesgégﬁ%ﬁ* reating a plurality of sem conductor arti (f
configured in a processing array, conprising: T a frarrework

a furnaﬁ,ﬁl{}ﬁg Mﬂaﬁlgosure nmount ed upon the framework and havi ng at Ieast
one furnace enclosure wall and a furnace chanber therewithin

. a f urnace en'(l‘hesthemde;gnewsotf (wmsmgad; psing tb¢ preferred unatedas Héﬁlcﬁfﬁs above

encl osur e,

i.nt er.i oft ;%W“%‘fec antgngﬁg%(flh CEBWH%W%t prder, fhe, cppditions fldid o8 ?B r nacé

—charber yaddlls components and featufts dedaibedo i pRvided by Qbﬁ@bmovdeﬁe.tabdrmkmgl n -
sai d segnent ?d at least . one mani fol d chanber He

fluid cmndnmheaunmlnnmght@hnmuéﬁ tocpEAvidmdhe described structures an
5 operation. A variety of manufacturing techniques can alternatively be used to make

amed

the preferred embodiment shown herein or other thermal processors: accordmg to the
invention. _ _

In compliance with the statute, the invention has been described in language
more or less specific as to structural and methodical features. It is to be understood,
10 - however, that the invention is not limited to the specific features shown and
- described, since the means herein disclosed comprise preferred forms of putting the
invention into effect. The invenﬁon is, therefore, claimed in any of its forms or
modifications within the proper scope of the appended claims appropriately interpreted

“in accordance with the doctrine of equivalents.
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- .one | nt erior Ol’t

~interior port; at | east one exterior port in fluid

comuni th said at | east one mani f olpdreagisns and
-com‘runl‘@i{g#’%g; @Aool ing fluid outside the furnace heating 15 =

-encl osur e; whereby a cooling fluid can be -conmuni cat ed between
.the fur and outside the furnace heating encl osure al ong
a convd?ﬁgggﬁ%athgguéﬂmphat radi ant energy beamng from within the
f-urnace chanper t i ehethal yprdcddsot o tirauting atlﬂﬁi’aﬂfty of semidvdductos dréitlesct ed

by the furnace heating enclosure. 20 _ A ther rral

pr oces seomiigueed @r&;ﬂ@%ﬂ&%ﬁ“@%vﬁ%’?@?ﬁ%ﬂ&al d at | east one “interior
port include ity of interior ports. 3. A

t her mal proc%sfg%rﬁé‘gé@drdl ng to claim 1 wherein: 25 : said at

| east oOne i ni efpirece rlmatmg rmicu:hase mcpimetalwpbn the framework apdrhaving at least
-sald at | egst exteri?g Iug ity of exterior ports.

4.5  ponsEpmaee gng P‘E? E %EP v thegewithi ner conpri sing at

| east FoaB! Glctb a&sse rﬁ&ﬁdf 8Nbart @ s terfcfodufd,! ect
radi ant- ener%];mﬂh%r e%ir or?n 30g o?ﬂir?gc nﬁ% 58%%9 éq{eaﬁﬁé B
PCT/ USOsnid) 48gment having: - 5. A t hermal processor accordi ng to claim
1 wherein the at- st .0 d,chanbe cl udes .an.i nner.

Tani fol d chanbor b Bt U5 Jatarigraport whicho s Butd GRUREHCRIRR AEith gy
one interiorfpgade chamber; 6. A thermal processor according to
claim 1 wherein the at least one 5 mani f ol d chanber i ncl udes:

ad0i nner mani f ol dat heash ene whanifpld s:hlambfet defined within said segménth saiﬂeataleasteast
mani f ol d hanbe whi Caﬁ lleas{ n fluid

an out
communi cat i oﬂ %i Tpoifpld ghamber, peing in fﬁﬂﬁ CRRTUPIG 'OBon fd one
7. A ther fRérigF pefigsor according to claim ‘1 wherein said at |east-one
I nterior port i ncl udes a plurality of interior ports, and the at |east one
mani fol d chtilerst onpcexierder port in fluid communication with said at least one

manifold chamber and communicating cooling fluid outside the furnace heating
15 enclosure; ' '
whereby a cooling fluid can be communicated between the furnace chamber

and outside the furnace heating enclosure along a convoluted path such that radiant

- energy ‘beaming froin within the farnace chamber through said at least one interior'™ =~ -

~port is reflected by the furnace heating enclosure.
20
2. A thermal processor according to claim 1 wherein said at least one

interior port includes a plurality of interior pbrts.

_ 3. A thermal processor according to claim 1 wherein:
25 sald at least one interior port includes a plurality of interior ports;

said at least exterior port includes a plurality of exterior ports

4. A thermal processor accbrding to claim 1 and further comprising at least

one shield positioned adjacent to the interior port to reflect radiant energy therefrom.
30 |

w0 *



an inner manifold chanber which is in fluid comunication with a plurality
.15 of said interior ports; ~.an outer mani Lf%f’“% r whi.ch .
i.s in fMRP8Hhuni cation with the at |east one e rport;«

a plurality.of manifold connecting passages extendi ng between the:inner

mani f ol d ch nber the outer manifold chamqer. 20 . - . 8, A
thermal pro essmA ‘g'efﬂla REPEEFSH QF?ﬂrdT%%n:gPW sé"ﬂh%{?’q dheato)past one

interi ﬁfgn%id 'cﬂﬁﬁ'ﬁﬁﬁenﬁzl%éﬁaﬁdwﬂﬂ& | RAGFSIQT cﬂﬁh{b%r %ﬁcﬁhqsl gn' edgl one

mani f I ncl udes I nner mani f o chanber

whi ch tcemimuni¢ation witinthe etiiéast onetintexiovl porél i ty 25 of said i nt er| or.
‘ports; an outer manifold-chanber which is in ftruid—
comuni cation with the at |east one exterior port; . a
plurality of manif ofdrbenpesddsist aeé&aﬁﬁswxaamlﬂgwpéifeweqnetétewaeﬂ%e

mani f ol d chanber "and t he outer manifol d chanber; a pl urallty

of shi slagifopbcheimbaedneludesef | ect radi ant ener gy ther ef rom VO

98/ 39610

] 4323
o 29020 e PRernEy mapifeld chaper which js in flvid compupisation with ghe ARp 523
Interi ef,eﬁﬁfeholrl’p‘(ht;des a plurality of .interior ports and the at |east one
mani f ol d chanber i ncl udes: i nner mani fold chanber -

whi ch is i nap enter manifeld chamber Which s MLﬂ'&ﬂlQofﬂm“mcauo%fwé}altbe|3Ht’€|'=‘$tor S

ports; ge exterior. P%rtan outer mani fold chanber which is in fluid

conmunPCatTon the at |east one exterior port; a
pourality of manifold connecting passages extending between the I nner
mani fol d chanber and the outer manifold chanber: plurality-

of shields positiArihermal FEesessaroacepsding,faclaim dr vdereini mlérafouleﬁgbrqr@ 10
to.ref aekiof %rf"r}hcﬁl‘a@é % }H&Pail?}t r(fzfninterxor ports, and the at least one manifold

chamber includes:
an inner manifold chamber which is in fluid communication with a plurality
15 of said interior ports; -
an outer manifold chamber which is in fluid communication with the at least
one exterior port;
-a plurality of manifold connecting passages extending between the inner

mémifold chamber and the outer manifold chamber. - -

20
8. A thermal processor according to claim 1 wherein said at least one
interior port includes a plurality of in_térior ports, and the at least one manifold
chamber includes: _
an inner manifold chamber which is in fluid communication with a plurality
25 of said interior ports; ' |
| an outer manifold chamber whibh-is in fluid communication with the at least
one exterior port; |
a plurality of manifold connecting passages -extendihg between the inner
" ‘manifold chamber and the outer manifold chamber; '
30 a plurality of shields positioned to reflect radiant energy therefrom.
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"WO 98/ 39610

PCT/ US98/ 04323 10. A thernal processor f RlsRg a
pluralit AB32EAG; conductor "articles conf i gured in %’%%%ss? ng =
array, conprising: a franmework; a fur nace

heati ng encl ogure unted upon the fra and_havi n one
furnace encl osure \K eHRA RTQqFsTRIcac %%ef° 9? ’?eﬁ ih 553kt least one

interior port includes a plurality of interior ports, and _the at least -one manifold

chamber includes:
. an inner mamfold chamber whxch is in fluid commumcatxon w1th a plurahty"
 of said interior ports; '
5 an outer manifold chamber which is in fluid communication with the at Jeast
| one exterior port; '

a plurality of manifold connecting passages exfending between the inner

manifold chamber and the outer manifold chamber; R
a plurality of shields positioned adjacent to the plurahty of said interior ports

10 to reflect radiant energy therefrom.
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5 said furnace heating enclosure having an end segnent and a base
segnent form ng.parts of said furnace heating encl SHE smﬁ?isd end
segnentwaﬂ"l%ﬁnsgg}d base segnent each havi ng: : PO1OS - at

| east one interior port which is in fluid communi cation with the

furnace chanber Pur ni fol d .chajber defined

10
within said sg&’mntA thepgal, procgssgr for {reatmg ¥ pEsemicondustor,articlgs ng
in fluidcepfighredcat h%}oﬂbésihéafrdy,akoh Astngone interior port;
at |-east one exterior port in fluid com‘ruﬁl cation with said at I east one
mani f ol d chantdeframewvogkimuni cat i ng cool | ng fluid outside the furnace -
fluid can be

h 15 e e a1 v |
e e oq Belmass BOrRS A e moptsd upon' {1 SRneto e pad Beint s foash o
the furngge fafmiceNéhctiifr® SV4IE ahhwwﬁ;aeél%haﬁxb%ﬁ'tﬂeréwt S al ong a

convol uted path such that radiant energy:bean ng fromw’thin the furnace
“chadber throggid fuimgcethaatingt enplesure thaving qnopnd|s¢gm£mtem‘tded baset lsegment
furnace I a_cool.in ui d
can be cg%%r%’gcg% 15 e ?Qﬁ ‘]H%%T Feating, snglofuLs "Bila"65 3 é ﬂ'g a@ﬂcf%g *’%seto
out si de séEméntr eashehlgiagi ng encl osure through anot her of sai d '
segnents along a convol uted path such that radi ant energy beam ng from

within the . - fabr leastc oBA simberior; Rertuylichniiy it fluid comymunication |‘\Mtthpthet
is reflected e 25 heating encl osure.

A t hermal pro?%rsntéagr J&c%@r@& ng to claim10, 19 wherein said at |east one _
_intl@rior port inclatdsash queumahifold cifanibet elefiaed peithia . said segment, saidit least
98/ 39610 - PCT/ US98/ 04323
12. A t her maPepF3Rifold, chambet deing ip fyidi pemmynicationwith; said at least one
sai d at |east jRfof Pop;i Or port includes a plurality of interior ports;
said at | east exterior port includes a plurality of exterior ports.

13. A thermal pr @¢dsasrongcextexiomgort dncflaidredimubiration \#fﬂh tsart at degst icmieng

5 at | east_on hi el osiLti oned .adi acent,.to_.sajd at ast one jnterior
“ portto refl e&am{%lé thi §8{) an °8FP§?‘§B}°% &99ling ﬂ“ad Suflide 2°hursabe cating
15 enclosure;

‘whereby a cooling fluid can be communicated between outside the furnace
heating enclosure to inside the furnace heating enclosure through one of said segments
along a convoluted path such that radiant eneigy beaming. from within the:furnace
chamber through said at least one interior port. is reflected by the furnace heating

20 enclosure |

and whereby a coohng fluid can be communicated between inside the furnace
‘heating enclosure -to outside the furnace heating enclosure through another of said
segments along a convoluted path such that radiant epergy beaming from within the
furnace chamber thro_ugh said at least one interior port is reflected by the furnace

25 heating enclosure.

11. A thermal processor according to claim 10 19 wherein sald at least one

“interior port includes a plurahty of interior ports.
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14. A t hermal processor according to claim10, 19 wherein the at | east
one | - old chanber includes an inner nmanifold RARBEG 43 ch i's .
in Flut (Piigggw communi cation with the at |east one:int erlrg? port.

15. A ther mal pr ocessor accor ding to claim 10, 19 wherein said at | east

one foI d, ¢ i udes; .. . i pner._mani f ol d
chamber whi ch s H‘fb‘ftP' W#u‘lffogaatcc%wl% ?r ‘t]ﬁl@ aéto’alga celn. one .
interior portigajd at least one mtéttbrOpmrmmabé @ gluehlatyoef indetieh postsi N fI uid
conmuni cation with the at | east one exterior port.

16. A ther rrﬁmqonbéwéomq;t%omt rigelpdes jaaphurality af) exIeEioE i RPTai d at | east
“onme~20 7 interior port includes a plurality of interior ports and said at
.l east .one manifold - chanber i ncl udes: .. an inner manifold

chamber which13s i mfdhuhﬂaICpfawgﬁo@adcicofdm\g tth claiph W0RI19 ¥nd further @bmpaisihg
i'nterior ports; an quter mani fold chanber which is in fluid
combuni cat ilesstupne shirld ;positionsd adjacent i said @b lpait o dnterior port to reflech

pluralit |- cting passages extending between the inner
¥C§£Wéﬁgg Haeﬁé}%]ﬁ‘ B

mani f ol d e outer manifold chanber

47 ' - WD 98/ 39610

PCT/ US98/ 04323 A ther mal processor accordin o claim
10, 19 wherei d4sai dAa‘theT‘B%tstSFﬁ"r accordingnfo-clayp 1y 19 |Whﬁrﬂ8etg‘e pfeﬁrtaﬁ’? y

of inter ts S | eqst: d e
O i ey WniRAAL Sohafltero ShOluds | 83° inRdl® RARIGH Cchamber CHRENCs BE HURP i
of 1%ai d lcotrmumcaﬂimr tweith the at least one interior port.

15. A thermal processor according to claim 10, 19 wherem said at least one
: mamfold chamber includes: '
an inner manifold chamber which is in fluid communication with the at least
- 15 one interior port;
an outer manifold chamber which is in fluid commtmication with the at least

one exterior port.

16. A thermal processor according to claim 10, 19 wherein said at least one
20 interior port includes a plurality of interior ports, and said at least one manifold
chamber includes: | | o
an inner manifold chamber which is in fluid communication with a plurality
of said interior ports; | |
an outer manifold chamber which is in fluid communication with the at least
25 one exterior port; | |
a plurality of manifold connecting passages extending between the inner

manifold chamber and the outer manifold chamber

T



5 an outer manifold chanber which is in fluid comunication with

the at |egst one exterior port; _ a plurality of ni fold
connect i ng%p%?g%es ext endi ng between the inner . rraniqqﬁ%sgﬁ’ %er—: and
t he outer nmanifold chanber; a plurality of shields positioned

to reflect radjant engr t herefrom 1Q. e 4 13. . A thermal
processor accgi_r‘gi ngﬁt tg’e%%%}l Pﬁ°f&§s°i§°%mgv’§i W claim 10 19:.%. reb'i‘l_éald at Igast one
interior jaRfior! pért URRudRs PA \laddliky off idteli6y iportsPAnliSsaidnst ke ik hRafbldne
mani fol d .chanber includes: ' an inner mani fold chanber
whi ch i s dhambegiiaclydestuni cation with a plurality 15 of said interior

e cat on 41 AL I A I Gl iy

pl urali twfoéai.ﬁraﬂie‘rmrob&mgnecti ng passages extendi ng between the inner

mani fol d chanber and the outer manifold chanber; 20 - ccaplurality
of shields posatt PuleEmarifeld shambsr twhich|isrinl fluld eemmunicationewithr theort deast
to reflect ragi rgy therefrom WO 98/ 39610 ' _

PCT/ USQB/%IXB%&GQB} .p%Qt‘? ' 19. A thermal processor for treating a

plurality of. senplesdiiiycbdrmanifold ednnecting passiges Uetendiiga bBfvasens the dinner
array, conprising: a framework; -

fencl osur@ﬁ?ﬁﬁ?@e navplenr ek the guskompnifeld ehambey; at | east one
fﬂmggg FPﬁe?smer%ﬂuk% og&gléggg g’%ﬁ&%&??@%ﬁf?n?g‘{rﬂ rEQéng atixgreg?on?.he fur(rj\lace

enci@sure wal l; _.an end segnent formng part of said furnace
heati ng encl osure; a base segnment formng part of_ said furnace
heating encl oslf-e; A thermal processgr agearding to elaim pk, H 5 whexein isaidneteleasthanand

nber o ik iotceSR ReREREE plphliey o€ leBE] ARG, W18 LlA"8"feus 2y BN

segnent ashdnsber dnblndes:segent each havi ng: ' at | east one

. interior port which is in fluid communication with the . .
furnace chanbet inner manifold chamber whigh jig daflgdecoramuninationruithed plemlibed

;}/\fint?%n Sa&tdsaiﬁgnﬂ?é}ior ﬁglltéj at |least 15 one mani fol d chanber bei ng |

uid comunicatioh w’th said at | east one interior port;

at |east one exi eutsermpnifoldi chanber dwhiehmisninC Auid Bomintumicatioh atith esht dewst
mani fol d chanber, and communi cating cooling fluid outside the furnace
heating one exterior port;enc| osur e;

a plurality of manifold Cdnnect"i'ﬁg“_"pis"sé’g'és “extending bétween the’ inner
manifold chamber and the outer manifold chamber;
20  a plurality of shields positioned adjacent to the plurality of said interior ports

to reflect radiant energy .therefrom.

\ ' - 48
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20 whereby a cooling fluid can be communi cated through said end
segnent , o5 cooling fluid path, and said base segnent t nove ,
heat from %hg 9 Mer mal processor with cooling flui dg’f ﬁ’l’%’%gh—:sai d
segnents being along a convol uted path such t hat radi ant energy
beani ng from g t hi B [emblRE6Rs6N D Healills 04 Phushts! i sdrfROhductor artiRs
“interior port\yls reffectedﬁtil)y tﬁe ?gpnggé} u1§ gcﬁgl}lﬁ%%- getor art

20.  Acohfignrdd m@cpmessmg:camam rgnipristAgi m 10 19 wherein said at |east
one intﬁrlo g includes a plurality of interior ports.

21. A t her rfakt %E‘g sor according to claim 10, 19 wherein: .30 .

said at |east, maw%aﬁﬁg eBQfoEux‘enﬁ{o‘&ﬂ?e?i a?&k %@'ﬁﬂew&w aﬁ&ma%ngmat Ygast-

said at |east exterior I ncl udes a ality of exterior port

49 one furnace mlemgwan and a fumace chamber therewithin;

PCT/ US98/ 04323 t he rocessor ccor aim
105 15 and Tt WS s Whish 18 Spaced anag 5o, 4B BT soLRR PbiiEe fﬁa}agsem
to said e,%Eldsﬁr"e%vé?Pe interi or. port to reflect - radi ant ener'gy

t herefrom 23. A thermal processor according to claim 10,

19 wherein trm: and| ssgotend ferming pantenfi $aidl dfurndeenbeatingnenaldsiwe; an i nner

PRGN WM RN N, T SRR R
claim 10, 19 yhepgh figiddpath foearl 961%&9 the RNEERhERCRATTIRE YaBE lsepment,
an inner manifold chanber whlch is in fluid comunication with the at |east
onHy i nt emidobetpmen the furnace liner_and thetinterionrsuirfaice thﬁwbﬁrmm ehclogurenwrilyi d
communi cat i on a\f\é end Qeegment anadS said base seogrtlneen?xeta%flll?a{vnﬁj ort.
at least one interior port which is in fluid communication with the
furnace chamber; _
o at least one manifold chamber defined within said segment, said at least
15 one manifold chamber being in fluid communication with said at least one
 interior port; | ' |
at least one exterior port in fluid communication with said at least one
manifold chamber and =‘f’:c)mm1ini'c‘étin‘g cooling fluid ouiside the furnace - heating
enclosure; _
20 . whereby a cooling fluid can be communicated through said end segment, said
cooiing fluid path, and said base segment to remove heat from the thermal processor
" with cooling fluid flow through said segments being along a convoluted path such
that radiant energy beaming from within the furnace chamber throug}; said at least
‘one interior port is reflected by the furnace heating enclosure.

25

20. A thermal processor according to claim 10, 19 wherein said at least one
interior port includes a plurality of interior ports.
21. A thermal processor according to claim 10, 19 wherein:
30 said at least one interior port includes a plurality of interior ports;

said at least exterior poi't includes a plurality of exterior ports.

AR



25. A t hermal processor according to claim 10, |19 wherein said at | east

one or portincludes a plurality of interior ports, and said.
at - Ieast %ewﬁ%ﬁq‘ol d chanbei i ncl udes: o P%?ff@%f?é?” -
mani f ol d chanber which is in fluid communication with a plurality 20 of
said interior ports; an outer manifold chanmber which is in
fluid conmuni cation with the at | east one exterior port;

a plurality of2zmni BokkerGANRR6EdsEEE BEDY Stoezsra@zﬁdl@gm%uemﬂiemdmng
mani fol d chanber and the ou?gr mani f ol d dﬂ%an’oer 25 39%10

PCT/ US98/ 84Bast one shield positiongd adjacent rtorasaighrasclessto onedotarivr npert doctreflast

10, 19 m% i t-one - -~ interior port includes a plurality
of interi o?ﬁagret%%}é& gﬁderg "at. | east one nanifold ~ chanber incl udes:
an i nner manifold chanber which is in fluid communication with a plurality
of "said interigr ports,; an_ outer .manifold chanper, which is in

fluid communi cédi othWh?r%&eSEfQSa@POfdmg to clpim 4Q: dPwhergigy the at least one

a plural | i p g n t t

mani fol d cﬁnﬁélggagb%%%e oup‘gi;e narkgll fgﬁ?%p ﬁgarggfﬁtlc? %h%bple Which Ege fur am

of shi el doonmaanidatioadwith thef dtelsastr anlé dnteriengrogy t herefrom 10

27. A thermal processor according to claim 10, 19 wherein said at |east
one interior port includes a plurality of interior ports, and said
at | east one ngpifolyd '

mani f ol d chanber whi cﬁhﬁnsna} Rrﬁ%@é@%&:g%ﬁ* é#éttéllacl)rrrf %I\(/I)tlf‘lg whefex s? hpg%gt one of
sai @0i nt emenifojdochamber includes: . an outer manifold chanber V\/m ch isin

fluid communi cati,on with, the | eas ext eri.,or
a plurality of d@Rr maa!f%@]qugﬂa&ésgg% ﬂ"écftceﬁmwcﬁgfmﬂ‘ thee ot deast
mani f ol d &?@m}@ﬁoﬁﬁﬂsﬁ he outer manifold chanber; - a plurality

of shields positioried adjacent to the plurality of sal dinterior ports
to reflect radaxaruut@‘nmag;foldhehmbwnwhlch is in ﬂmd communication with the at least

one exterlor port.

15
25. A thermal processor according.to ‘claim 10, 19 wherein said at least one
interior port includes a plurahty of mtenor ports and said at least one manifold
" “chamber includes: e e RE
_an inner manifold chamber which is in fluid communication with a plurality
20 of said interior ports;
an outer manifold chamber which is in fluid communication with the at least
one exterior porf; - .
a plurality of manifold connéc_ting passages exténding betwe;an the inner L
manifold chamber and the outer manifold chamber.

25
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26. A thermal processor according to claim 10, 19 wherein sﬁd at least one
interior port includes a plurality of interior ports, and said at least one manifold
chamber includes: _ |

" an inner manifold chamber which is in fluid communication with a plhrality
of said interior ports; _ _ |

an outer manifold chamber which is in fluid communication with the at least
one exterior port; | | ' |

a plurality of manifold connecting passages extending between the inner
manifold chamber and the outer manifold 'char'nber;

a plurality of shields positioned to reflect radiant energy therefrom.

27. A thermal processor according to claim 10, 19 wherein said at least one
interior port .includes a plurality of interior ports, and said at least one manifold
chamber includes: - | ' o

an inner manifold chamber which is in fluid communication with a pl.urality
of said interior ports;

an outer manifold chamber which is in fluid communication with the at least

- one exterior port;

© - a-plurality. of .manifold connecting passages. extending between the inner

N man‘ifo:ld chamber and the outer manifold chamber;

a plurality of shields positioned adjacent to the plurality of said interior ports

to reflect radiant energy therefrom.
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