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exposure to high tenperatures over tine. Wen these
wires are held firmy bﬁ ceram c separators at sone
fixed points for nechanBA&KGRGENDPty, they may expand
or elongate beyond these points, leading to premature
HELD oF BHBINWNIERN [ 003] Exi sting techni ques to provide
reliable wire h ating el enents have a nunber of
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restrain the wre heating el enents and provi de space
specifitedlys wiwmating elsmieot stwictuee il formgaes. on. Thi s techni que
requires using several separators that are enbedded in
the insulator layer, leading to assenbly difficulty
RENTRIATION O BELATED ARTn addition, it limts the
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Enbodi nents of invention may_best be undersht?ofd b )
CXRPRYG ﬁor{ggl% ETNGEALRISE WA tHRE- When these wires are held 1rml¥ by ceramic

separators at some fixed points for mechanical stability, they may expand or elongate

beyond these points, leading to premature failure or break.

[003] Existing techniques to provide reliable wire heating elements have a number of
drawbacks. One technique uses ceramic separators to restrain the wire heating
elements and provide space in the separators for wire elongation. This technique
requires using several separators that are embedded in the insulator layer, leading to
assembly difficulty and increased cost. In addition, it limits the elongation within the
separators. Another technique uses a number of anchors to secure the wires. The
anchors are fit to anchor recesses having radial and retaining grooves. This technique
requires using specially designed anchors and anchor recesses. It also confines the

elongation to within the grooves.



description and acconpanyi ng drawi ngs that are used to

illustrate enbodi nents of the invention. In the
waele@wiorgs? [ 005] Figure 1 is a diagramill ust rBCT/082086/002714

system i n which one enbodi nent of the invention may be
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invention. [007] Figure 3 is a diagram:i I | ustrating
op view of aheatlng el ement. structur ordi ng. t .
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diment of the invention. [009] Figure 4Bis a
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tthfxlntdeiﬁxohnventl on. [0012] Figure 5 is a diagram
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heFne 15 BnGBEBb sy M R e Bient s
abdoBHR e tPoreSentoddiR¥R e fnkéddphl ating a process to form

t he heati nchore according to one enbodi nent of th

(908} e Kiguan4A [podiepram Ylyswating astray ?qCGWéIF%‘iOtOHPIWP%‘W R§the
feh ﬁgess to forma tray according to one enbodi nent

of 'thé invention. [0015] Figure 8 is a diagram
[009] uFiguat 1B s adisgsheitlussiting ateayhvitle dttfmhecﬂ pesteaccording ta one

0.0ne.enbodi nent of the invention. [0016]
eﬁ%ﬁgﬁmggﬁt& G4k am i 11 ustrating a heating core

[(Hll@@ FeiuRg4C 6 OoiagenbokmEily aofayt high imegratd posts pOdIdihg to one
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e%‘é’@%‘l“%ﬁnh 08 it9B Shbodi ment of the
[6011$ T4 g&@4Ma§Mustrating a tray with vertical bars according to one

embodiment of the invention.

[0012] Figure 5 is a diagram illustrating a connecting bar and a power bar according to
one embodiment of the invention.

[0013] Figure 6 is a flowchart illustrating a process to form the heating core according
to one embodiment of the invention.

[0014] Figure 7 is a flowchart illustrating a process to form a tray according to one
embodiment of the invention.

[0015] Figure 8 is a diagram illustrating a system using machined or formed channel
according to one embodiment of the invention.

[0016] Figure 9 is a diagram illustrating a heating core according to one embodiment of
the invention.

[0017] Figure 10 is a diagram illustrating a formed channel according to one

embodiment of the invention.



[0018] An enbodi nent of the present invention is a

heating el enment structure. A first tray has an inner
whowatzaly? and an out er boundary. The inner andP@UIUS2006/002714

boundari es define a space. A first heating elenent fit

to the first tray and surroundi ng the inner boundary

gener ates heat whe ] ppl i ed. The heating

el enment expands i n%ﬁg&g&@% thin a tenperature

range. [0019] In the foll ow ng description, nunerous
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uspplldenictod piva Vit " e HAS3EG AEIBFHEE FRER TR APIOGE or
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heati ng core has a nunber of heating el enent .
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el enent, t i fe of eati ng el enent may be

In one embodiment, the tray includes a ring and a disk. The ring has a number of slots
or holes to provide an efficient heat transfer when the heating element generates heat.
The disk is attached to the ring and provides at least one of a horizontal space and a
vertical space to allow expansion or elongation of the heating element when the heating
element is exposed to high temperatures over time. The heating element structure
provides an efficient heat generation and mechanical stability. By providing the space
to allow growth of the heating element, the life of the heating element may be
prolonged, avoiding premature failure. In addition, the heating element structures are

simple to construct, allowing easy construction of the heating core and reducing



prol onged, avoiding premature failure. In addition,
the heating el enent structures are sinple to

w@oosorauet, all owi ng easy construction of the PEHUSI996/002714
core and reduci ngassenbly costs. The tray assenbly

al so provides highly . reliable nj cal rt. t,0
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whi ch one enbodlnent of the invention nay be

cticed. m 1Q0 repres fusion
(085 Bl CostlB i ueEnna SR 1D & RaIchuE FiOgiment of the
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0B &YIPYRE y include a top ring 112 to shield the top
of the heating core 130 and a side shield 114.
[002B) Thad $hyeltthar shblil ellld pid\Gddssaashcms'mlgam endbsuie & ransb ar ¢nclose the

oval I in Th hield 110 .may have
niiRg ool By Be fine B Shintefosted ity meteERian g 12 0
shadld t1ed ©f lof t}ﬁﬂ{eaﬁl\@&ﬁé 136 afid pode @mbmr 1514a rmyplcauy the shield 110
thernDcoupIes [0024] The insul ati

hasraghpereef 4 ﬁgﬁwa&t PGh ors} DGy BGe 11?9611%*??@6 structures,
Ar{gsz«)ﬂ abhefts k@yl%wld%%%chaﬁba% e@cfrféﬁl é@gyx& e pmvek a¥@hand

22 and a side insulation layer e insul ation
ﬂkaw@mumks may be made of any naterlal that is highly
resistant to heat, has a | ow tenperature expansion
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al ns Opérties over exa such
ingelgon hlyei EZOannhldetsurtep mSuwtmmlmml%B( almhba QlAt peglatigm thyer 124.

i Bior WP ERaRey Sy SEokih et AfseiSiBs a8 e,

hd&zaMoWgetnperaabovepatssh caditieicat) Anag toev hait tlaﬁsfmiy)effﬁ:lent, and
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or conponent that needs to be heated at sone

skifled inehe hlédﬂnb’éﬁlm irpulrtiag makyils hayinmibe ahpEHTERMIC ( he
C§§g§%HH&§§bg%eg&§pn1conductor waf er. The tenperature

sui tabl e range as required, from 250C

to 17000C For exarrpl e, for sem conductor vaf er
[002p] Thah¢asimg,corehiB0 prov1des heat generation to an object 135 placed inside the

core. The object 135 may be any object, structure, element, or component that needs to
be heated at some pre-defined temperature range. In one embodiment, the object 135 is
a semiconductor wafer. The temperature range may be any suitable range as required,
from 25°C to 1700°C. For example, for semiconductor wafer applications, the
temperature range may be between 500°C to 1200°C. The heating core 130 has power
bars to connect to the power source 160. The heating core 130 may provide heat to a
number of zones inside the heating core 130. The heating zones may have different
temperature ranges according to the requirements and specifications of the furnace.

The power bars are allocated to correspond to the heating zones.
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tenperature range may be between 5000C to 12000C. The

heating core 130 has power bars to connect to the
w@owen79our ce 160. The heating core 130 nmay prpeT/tis2006/002714

heat to a nunber of zones inside the heating core 130.
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mefiraichl tabitenopaing he tb weduae er mil'rhﬁnzﬁbdmt lobar Bhealb@tom ring 150
al | ocated to_ corre fpond to. the hf@tl ng zones. [ 0026]

Prefides mschpneal spertiReR 8RS kot € 130 at the top and
provi des an tight nechanical fit to the top ring 112

(00277 BEH/SEr @ TsollicB 16D pEovi@Bholves®. thd’ h@th‘gtcbﬁb”lﬂorgeﬁ&aﬁb%at when
provi des nechani cal support for thi at i n core
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e power ource 160 Is connected to the eatln core
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curren or V6P atin
tor geaeiatel differdnf ficat pmfﬂeasrm lﬂm@mﬁpmdmgdniatmg zemEst age vi a
t he i ndividual power bars, the heati ng core 130 is
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one_e Iment O he i nvent ure 2 s
cqup 43Q witheyt; CORBECUPE DR AT PORET h@éat Fﬁ@gia&ng om0l A prdes @

plﬁpéﬁﬂesftﬁéaengareﬁleﬁfstﬁﬁm& hay; $o 210e heating core 130
includes a plurality of heating el ement structures

2101 to 210 N- [0029] The_ heating el epent. structures
(OR3P Thhetimelerian SIS Ls (8 ENBCBAVBH SHSLRER o pre
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The heating el enent structures 2101 t
elementetueresle: kt 2dketheicfora, are ptadledin @u Weétmal @lmectlpbr Far a

T L T
Sﬂﬁmré?ﬂtthm@)tm of m'd&;éltglﬁ_g:lore gﬁ(et@ahe hga(ljtﬂitge:ﬂmnebntt ;tlructures
e G ¢ e vt theg R 66 Pl sictures

alidve Mhend MEhd RS N“of’fhe‘h@ﬁlﬂ@&ﬂémﬂﬂ s@henRRtvast d0d6idieet® the
vary according to the applicati ons or the nunber of

appdigaiiongioy thearimber oh gons S videgl 181eeaf D 8tsR- | n general ,

the heating el enent structures 2101 to 210 N have
[6030] [rPEenehRARe Hékﬁ!m%‘é[b?ﬁén@ ShucAe$2 W, Qo 2T0ERBIeAiBilartsABpe and

construction and assenbly of the heating core 130 are

cepstaetiop stylepTheretate, timeonsungtiongnd aasealy af thgdegtingscore 130
at%]g%gatlg/lglmpﬂﬁed. "The H&uﬁé‘@lkﬂﬁ%‘ﬁ%ﬁc&&%wk (k=1, ..., N) includes a tray

220y and a heating element 230y that fits to the tray 220x. The heating element 230k
generates heat when power is applied. Due to constant heating, the heating element
230, may expand or elongate over time. The construction of the tray 220y allows a
space 242y in the vertical dimension and a space 250 in the horizontal dimension to
accommodate the expansion or elongation of the heating element 230. This prevents
the deformation of or structural and/or mechanical damage to the heating element 230k

that may reduce the life of the heating element 230.



220k and a heating el ement 230k that fits to the tray
220k. The heating el enent 230k generates heat when

w@owe791%87 appl i ed. Due to constant heating, theCTEs100610p2714
el ement 230k may expand or el ongate over tinme. The

AN 8 S R L 008 4B RpS Bl 210

shlalwhl i @{guaé 2 dd;dmt;lﬁg wOmmeramwdﬁl ttiee inlentnp alisé h)afatmg element
el ongat i on of the t

SRR N biRRar b TSy 258 and ¥ B GR B raetlAc) TBERUNCOR) Ko
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ITfe of thé heating el ement 230Kk. [0031] Figure 3 is a
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[@azﬁﬁqﬁ% @ﬁyﬁﬁ%g@%ﬂ@iﬂ%‘% QL€ W&F% 10 @ s e inside
of P H&Msﬂ%&}rgﬁﬁe& B§ He BRI 1 D andiRe idkaRkion Sﬂay%} €0®Mown in Figure

structu I ncludes a tray 220 and a Hheati ng
1.elt daean ina@Chouliierys oibeituigerekce, §1faamb@ewt¢rob0®ﬂam 293

r I I al
el ARG B R I FB R, B Y o 20 T e
240 0y Nea asjzet drehshnoelfnbni 04 iacidtot 29einches Weperidimg dmther
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thetrh léﬁf)zﬁfsﬁiﬁ(‘(ﬁ the’ﬂieﬁtlng BRmieRt)@hd athér mut}mmd@b pindlanr élesrical
defining a space 240. The space 240 nay have a size or
P@W@ﬂaﬁee fromO.1 inch to 25 inches dependi ng on the
application, the tenperature range, the heating

[(ﬁb?{‘ﬁﬂ% héFBhgElefent 2HRisFALS fHeQ:faﬁ'mO @hd Elﬁl%dfﬁils tl@(mﬁélﬂidﬁﬁdary

heati ng el enent, and er nechani cal._and

38 @cgem:r@@l heplawherep@re is pmied] Tie ée%@gteﬂ%ené ﬂéﬂﬁﬁy %Bﬁﬁd or
elgﬁ did I aft?es@%t;&t tJfQPfe %%Q saﬂ% A48 YRS, & ;]Be'i‘ﬁﬁfe range, In

ndar eat when power
es“ﬁbrmehthatspmgs écl(émzmzﬁmwr@gpaexpmmb@h helrlzm@%lta@dlvmtml

st 0 240
crdine & i Brereige SR ekt B Rl lihdl 2 o by e
ha@lih@xvwers RR& S (Ilhelvl’/lré)ﬂiabe hmlylbzmb af a halcbai/ ﬁ’[apbcakohd shape, and a
1) b1 331" Ry h e BIOTNFe2 A TOIECE R CoHelp & ot e
*ghrv&%ttstﬁﬂﬁgf Bt h@@ur%:fpp‘%atﬁm@ ethé Gade Eb&]ﬁ)@ expad®bt €longate over

hape, | at shape hel i cal shape provides a
titgr @tem@wnqté@t@rraﬁoeﬁ qrigingh lepsthiter he@SwkPered Lo Riggrempgratures

cgﬁﬂ%' Lobntih@fus %?&Lﬂh%tﬁ%ﬂlﬂe?a%ﬂe%?ﬁ% Mg Whh&es 230 a8 P42

n or e ate over tl1ne y not return to its
pmvugu snﬁlcmtmngmtn fafthewilbei3Ago gryoseakprud bivggliime. This prevents

r ausi 0 |nuo h
piegBer BtRESEGE Mo AR s G ot S mace of any
suitable material for heat generation. Commonly used material may be Kanthal,
Nikrothal, Super-Kanthal, Molybdenum Discilicide, etc. It may have a coefficient of

thermal expansion of approximately 15E-6{K’'] at 1000°C.

[0034] Figure 4A is a diagram illustrating the tray 220 shown in Figure 3 according to

one embodiment of the invention. The tray 220 includes a ring 410 and a disk 420.

[0035] The ring 410 defines the inner boundary 312 and has a ring height 414. It has a
plurality of slots, or holes, 412 spaced around the inner boundary 312. Typically, the

slots 412 are spaced at equal distances to provide uniform heat transfer. The heating
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provide sufficient roomfor the wire 230 to grow or
expand over tinme. This prevents premature failure of

wao b@omiaie7 230. The heating el enent 230 may be PeEdESWH6/002714
any suitable material for heat generation. Comonly

t.eri .
CHIE TRl TRl S TR AABKERUS!yu 17, oy, o
hdsxmmg ekneme 30 Gioaht shofvt feetiathl indxpaadi E[\he cnmg he1ght 414 is selected
15E- 6 :
oSSR o e e o Pirgreob g CR T ket G fiEsigte 202

aRBe AREWRE té AN Cor@RPARIITE MheGizetdTehd S’pﬂ@éﬂ2423ﬁha Eb €robd @Yo
220 includes a rlnﬁ 410 and a _di sk 420.

abquh §0%198 thetizseisthe Reatingedgmasd grdat e Bllléal’glﬁ af3 Hals 43%%‘6616
hdi® haﬂéfeﬁvmen th& hERA o1 38O gyn&&esshéa& SThé gedeﬁlt@@hea% Iy be

spaced around the |nner boun

i ca ,
transiersedsetficignily pridhe h@atme Gleameng 2&@ thieush tﬁ@ Slpﬁd&ﬂde the center
thgﬁ ghlz %#d aﬂféfr?r[ a?ﬁ M)Fih ts%g’ %xe' i s1de of the
ac e roun or s U he

h@ﬂulsﬂag d¢rahe ethc;kmurey T)tphrellllyembmh@esk emmle 02 3@311 dhe min)g 410 has an
sho rtial 4 Th [
gy earBR 1S prd o iR 0% RS SR FghnkP diometer
Ateaiay Iﬂ@lﬁ@fﬁﬁﬁeﬂﬁ 112(3&'0'986%1?1( hadrddrigciesi Fok bﬁn&bﬁ@lﬁstwafer
above the wire to allow for ex
Bons e it BTt ALG of e Sy b FpmeS itbes 520 ches.
TB@ %1&@1%3‘ &gh@hﬁgﬁm thaﬁ&fm-gg' ﬁqeﬁhhgr@ohﬁd/ar? ha%'b@ta%be&%nately 0.5

provi de heat transfer heati ng el ement

ingbrienging Srope@d inchre Sg@h@rla@f@ﬁ Wh@ﬂnahylgbwﬂlaﬁx befroey0.25
mgﬁ gé gb grggésydefpaﬁ&xh% B (Redsd &qhghﬁagiggae%?e% b4 %&h%e

enter of core
methegickl ﬁaramytetnavﬁéypacaﬂhatyhe rinigdaeight # 4 may rdugeifrosi d& iofhes to

hou ncl ur.e |ca
15 TRl Thofinglhng Ry RR R St Bin SRl AnchS of SR piBxide or
sifidH (5109, ariredBhledisaorimsr coﬂrﬂtﬁnadm)ﬁ to its thickness.
The inner dianmeter 416 nay range fromO0.5 inch to

AT ofe ko) Matiediam et A ThR 60 e g, 1

nﬁ?%e Readheam™ SotdehBSinher dQoutdtcifteterkN@ 6ol ek Bﬁﬁl‘é rﬁfg 410. It
e ring 410 that defines the inner bound

%rff}rd@féii?ﬁath@ pytepbemdaish? 16: JigisHefage ofthedigk Aﬁ% ﬁSS@aﬂally defines
?EJ A30IAGRER thel il H)(ﬂlgldglg/l Abtand bt SRY: RenhE9™8: Fhe disk

to 50 inches depending on the size of thé heating
h@l aemew:ﬂs 422 60 thatla posier arbat mapibe &lseried wrabigarthe stacked trays. In

i cal I ght . f

TR e U BB R B T AT e
c@imammgﬂmr@x a@ewéﬁba&(ﬁl@y toer caminkdted nTlol dixlt 420 miay diave @ recesses

Si 2 ui val ents,. .or any conbination. [0036
e B Rty e e B RO l6° PR SR ARG Dfredengne o ar
sthbied e 2B6uBdaTHe dikR mdytalso be made of aluminum oxide or silica.
[0037] The ring 410 and the disk 420 may be attached together through any attachment
mechanism such as welding or gluing. Alternatively, both may be integral to form a

single-piece as the tray 220.

[0038] There may be several embodiments to form the ring 410. The purpose is to

create a number of guides or posts around the inner boundary 312 and a number of slots



may be attached to close to the inner or outer

di aneters 416 or 418 of the ring 410. It has or
waledosnzd1t he out er boundary 316. The surface oOPCT/H82006/002714

di sk 420 essentially defines the space 330 between the

er bounda s

or P05 ' BEVRR B B A e 1R B0 (B core
wheﬁhﬁﬁiﬁeeds appliali gn the stacked trays In addition, the

recess 422 nay define the end of the heating el ement

230 ere, g nect i

a .
ot et s eeir B9 ing 4rb g b Rsr TRl By 230 wie
atﬁa&‘ﬁbdspcﬂf%%c@cﬁl dirig&o Ghesmbedinieat ¢ty irdentioD Ialthig ren‘ﬁ)bthment the

g0 SHRY o SUEBe M P CAPLAHEF O RSt Pt Fahartached to
thé B8 ZlEO The sﬁdc@@ afbbfld 8RAnidh®ofh&ify 428 ABY shiebdd ﬁl@@lﬁlﬂﬁbm may

t oget hr ough any attachnment mnechani sm such

be\mb@ Icn@tta@h tleft msfsg430Ap ther dighe #2/ingludipigrweldigg. %lémign?tég Vfpen the
Al Slots 412

ol DURIRg Sh A BLARR AR o 90 1D gk ¥ i s
ofnhlerpmgélﬁ) s to create a nunmber of guides or posts

around the inner boundary 312 and a nunber of slotsor
[Oﬁgtgte ?}%1% OV' &ag%%{ ftll%l zﬁmgggc?éss Va%@t%agg\lé:{vro(}%é E%{ I22é0 d\jvith
infe@fh38] pd_sltsgau‘cerdt!l@ tloSma eﬂlba@ltrmmt of the Sﬂveatlom glnathisrengwdiment,

sect i i ew of t r 0 wit ache ost
05 BR8P AV TR s A HRHEad 4 Man e ERERGH PR O thet ere
é@pﬂ@l [H% ratell ?@th%ldﬁlﬂt #bQng Rpwvad iafoulnt Gt mnép‘bduﬁdary 31’7 When
| aced é a number of vertical posts 430 atta

the Frey it letagbes eimench pesdhareting posis 48R A ﬂaﬁﬁb‘aﬁ’-@f tg i}? slots
zH%%%t?%h#ﬁgﬁgigﬁﬁ%@ﬁ&%ﬁhﬂﬁ%tH@uH§9d0hﬁw%kkéﬁﬂd&B&uP@§R@e

20 1 ncluding welding, gluing, etc
onh e disied2( eaysngthe vetiaelkodtsddOeach ot her, the verti cal
posts 430 formslots simlar to the slots 412 of the

opbEeEH 48 R0l -Af s LA ksl 2

vepasd baﬂcacmsrdmlggo boe enbodimbodofitbainvefitiarh dnitine embiodiment,rthe

.t hi odl the r 10 shown

rife ey Toes A0S reaita Py 2 Al bED et (it BhR 446,04 are

spaBécBﬁba;hd e ihidr ‘b@ﬁrﬁiaﬁyer tarddhetadheko 420staoked siphe etthe inner
around the i nner bound 312.. When t.he

bayndenett 2o nheaieicat by 4‘?(% %@W@Pﬁ/.%ﬁlﬁ%&&ost[lﬁéﬁst? A5
erﬁ (‘}Hiﬁ’le TR A dCedcRf: tBAhSy 43 2tt&heli A corindet Al slabked disks

Is e Odl nment, the tray 220 may be considered to
4201f©g@ther only the di sk 420 havi ng the vertical posts
430.

[0042] Figure 5 is a diagram illustrating a connecting bar and a power bar according to

one embodiment of the invention. Figure 5 shows a cross-sectional view of the heating
core 130.

[0043] The heating element 320 in the heating element structure 210y is connected to
the heating element 320y, in the heating element structure 2101 by a connecting bar
510¢. The connecting bar 510y is attached, or welded, to the end of the heating element
320, at the recess 422 and to the end of the heating element 320y, at the recess 42241
Similarly, a power bar 520 is attached, or welded, to the end of the heating element
320 at the recess 422; and to the end of the heating element 320;. at the recess 422;4,.

8



[0041] Figure 4D is a diagramillustrating a cross
sectional view of the tray 220 with vertical bars

wa@ewendilny to one enbodi ment of the invention.PCHUSINE002714
enbodi nent, the ring 410 shown in Figure 4Ais

e

togdstﬁeﬂﬂ@akeebrdiesdmg lodr SO Omenie Ito pmmdztar tgrr3ihal toToanect to the

vertical r e entlall ar r to the sts
porgs SPRCR DT B The Sinsessett S0k Fiefe phils! G 36 ha ve
madd FenedohQuctivb lﬂﬁﬁéna@ l;lichtab enebd] e REAifHEISK S A2Or mechanical and

together. [0042] Figure 5 is a diagramillustrating a

elecsnerbsiebiy-bar and a power bar according to one
enbodi nent of the invention. Figure 5 shows a

[OGﬁﬂsﬁhesl?ééEhg @Eheﬁts@ﬁogfo 3dog ahae%éréfﬁrec @6hedRM in h Q0434 pattern
he heating el enent 3 in the heating el enent

fr@nrtkmon tey 29 the hajtopnitrie ferating en elpeirisallt conginupes e Power
w3854, 9,184 i L Al ML Lyt pove o

connéc
dlﬁ’eteat:dimduntmofhﬂltdtebhgdmratdde end of the heating el ement
320k at the recess 422k and to the end of t he heating

nt { t
0B BB T R G0 s BT (5t e 1R e
achedlingng ok embotingaOof tit itveatiowcess 4221 and to the end
of the heating elenment 320j at the recess 422j .The

b . t t
PR SRR, RS T oA P R BRSPS
arb@fterﬁitﬂhda@'@ldc& @10). pTiRvinake add baterboahdakies déﬁrre@Cztpat@ Next,
power sour ce 160 (Figure 1). The c nnect i n

th5 PO RPOL R OpBleFs Ht beppe rleinepbtohn Brray fHStind the

mﬁ%ﬁ&éﬂﬁm@i{@zoﬁ' TIRUER: RatifBERIneM 4rdd he B&'gﬁt @me ﬁtsz Bay
nmechani cal and el ectrical stability.

delf@as R Mertiehlespeer abo3p thie first Ipatingelemepth eFhef féﬁStehea&laa ﬁ@@t@éﬁ
g n@ra"f‘es%fegg\%ﬂerp}?c;\)Eéz‘rre{I e%{h%m fttﬁ? 5};&%2&“{ Yo tet Biedé?&g% \j\ﬁ/{e;@rhe space

or m ng" an cal nti’nuous W re.
whhunsa tBd@praturs range dprinyitdkf$. at sel ect ed heati ng zones
to provide proper electrical power for different

[Oﬁ% Hl}g%:tg? 58(% ?tﬁaég%nagéogéggisngg%géf 11 E{Vgluiga? tc§s a 'fl‘f‘st%nd of
thi ﬁaattlhegmgoeﬂemamw tiedi pogt to@onineet thetfireli roatihg elfsnhhtfto a second

i nvention 0046 600
hqa?lpgfs emﬂaym%ﬁ% %%O@ﬂé?% fﬁE%P@ SIFRAY 3 C PR 10 2 Power
scReieN e e BBAREdy 16 4Adked ERBVE SRl Mt @fy. bDMSIBEdse 800 is

define a space.” Next,
then terminated.

[0048] Figure 7 is a flowchart illustrating the process 610 shown in Figure 6 to form a

tray according to one embodiment of the invention. The process 610 shown in Figure 7

corresponds to the tray shown in Figure 4A.

[0049] Upon START, the process 610 forms a ring defining the inner boundary (Block
710). The ring has a plurality of slots spaced around the inner boundary. The ring has
aring height. The ring height is fit to the size or diameter of the heating elements in
addition to a vertical space, if necessary. The plurality of slots provides heat transfer to

the core when the heating element generates heat.

9



the process 600 fits or places a first heating el enent
to the first tray to surround the inner boundary

W@ Bloeok91620) . The first heating el ement and t heCTiEesZpne/002714
of the first tray defines a vertical space above the

[oéggﬁ&g{le? o%eE 'Bea{%{acheTs edlik trostfner HS%‘BH g nﬁk?ﬁ&?ﬁdarry Block

pOwWer
7280 omhatigk deﬁinaéeﬁ@buitet bmtnldays ﬂalms awetdss to it 4 pmneﬂ“he proeess

an duri.n ts, |if 047] Th
14FE Bondemindeshn Lus sk abive et tagied eB R s pided
toBEtHerdtorh R0 kéabite PRAEY. NAltEhAITRNY, 1Ry hdiebPsilstri@ed integrally to
connect the first heating elenment to a second heating

fogmarpiiale piscd second tray (Bl ock 630). The power bar is
connected to a power source. The second tray is

[0‘65'?10’6 B 810Mmd g%e%&lﬂed fol fosh tie B in BRGOBARERS 1 &RO4B,

entermnate Figure 7 i's a flowhart
4¢,| andgm didrsgampls, wmég&f@p@m thenprerefs meayeattagh Vestiggl

p(%;]st Jrt¥e Afek O 8 fgﬁs]%tg, ot grtl%g%gé {MENa8h td NPl Y&'RE& @Jﬁlés. In

process ure 7 correspon s to
addlltﬁ}n glealisk may be glrmedciﬁ\:luc[lﬁ)@th@]bakdpmd BT ARRTgrak yeatical posts.
process 610 forms a ring defining t he i nner boundary

The r A2 t
0o aCgoEES e ke s Relth Rhb bing bt of BAGRH
chbhgelac@@dingit@ bie blﬁbédhgndehmﬂth@nﬁlbmmm Thel s psterh €00 dricltdes a top
. at i ment In_aadition .to a vert C
ima e ans S (e eyt 0} 8 o180, FEEH Feating core
840. aﬂﬁ:ﬁ?ﬁteﬁl‘%d@kﬁoﬁlﬁﬁﬁﬂ%e 8 isrk@[nhﬁatbltlﬁkgsﬁteﬁmm shown in Flgure 1

gener at es heat 005%][ the process 610 attaches
ewﬁuh@tdh@h@tmgﬁgr%&l ipdi f%?ér boundary (Bl ock 720).

The di sk defines the outer boundary. It has a recess

[OQ?SS,LTE n%p Wxﬁsﬁauoy}ﬁlgm 1@‘@1%%10@1195&1&%0&1%% g2©r mdak %qte(lj 141 830

e ring be attached & or wel
are oiyeildndo ttferoomesmdmmrtatoétmuswe@ 10, sh@wnam Figsryl. tlheypfore,

t [ f I
P eSS EIERT 1L hoai 11 et to form he

tray in accordance to Fi gur e 4B, 4C, and 4D. For
[widllﬂjlheehea'ting tead46fhab spﬂmiﬁ'oggraoveis m@p,chi;rﬂepé op fmgnm]ye outer

ert I C osts on the lol
or BF gehe ki nlt R ot Bl e SR AR s e e e
stﬁ@@l bt 4 &¥lindel) ®olliodl orBactddglef of amdsuitaisle uﬂaﬁeg miaeiebmsﬁ the
and the integral vertical poﬁé LOOSZ Fi IS a
S@PsyisAlfiernmgs tydhe pipg 28q e Bodeame AP ﬁé‘&? Pree to
aﬁ&,&f@qxgg}gmel according to one enbodi nent of the
I nvent | The system 800 includes a top

[0055] Figure 9 is a diagram illustrating the heating core 840 shown in Figure 8
according to one embodiment of the invention. The heating core 840 includes a formed
channel 910 and slots 920.

[0056] The formed channel 910 is formed into the outer diameter of the core cylinder
in a spiral or parallel shape. It may be implemented by a specific machining procedure.
The formed channel 910 has slots (or holes) 920 that are made at equally distant spaces
in the center of the groove. The purpose for the slots 920 is to allow for quick heat
transfer from the heating element to the process area, at the center of the heater. The

equally distant sections between the slots 920 provide for two functions; first, to

10



insulation ring 810, a side insulation ring 820, an

outer shell 830, and a heating core 840. The system
wW@2®emtmawn in Figure 8 is simlar to the systerc/082006/002714

shown in Figure 1 except that the heating core 840 is

s bl e Bt P e el SR o AP RNET Al WRpl o 5438 2 g barier
togherhéaingtetentdné stomtd & $qydn diavg ophiof iss lotatidme syst em 100
shown in Figure 1. Therefore, their description is not

RSIERLFE DRSO ST PR A g e o on

roove
erdbadimkstr ofafe inventomr € cylinder in a spiral or parallel
shape. The core 840 may be in the shape of a cylinder,

t ' i.t abl . . T .
I TR D A
sHape ohgtinp glegiggtsr]mmg. arye grg@yeﬂlaqu‘tidesﬁd é@\lﬂlla 11020 to allow for the
expansi on. i gur is i agr.am t
APHaS AR Y gr_ﬁ@v[ﬂ&aﬁ@e @a@%%g%memAoi‘?-gﬁbgcfgﬂnalelc‘)&ﬁiﬁﬁﬁr?}“bggﬂs the
hé,%l'ﬁﬁig ersRdt MBIt ag@inst Havitdhoant fofis. TREhORALISRACERY 18 tiR4€Fore
I nclfudes a formed channel 910 and slots 920. [0056]

mpleaniagtlreidblehannel 910 is formed into the outer
di ameter of the core cylinder in a spiral or parallel

RS9y, TS| IDURTRSLRE bt gt curpellpinas

siea0 inflagurale Thedeating elgushi 1018iis plased igpide de graovn@lS5. After
nter.of .th roagve. -T. ! f '

of BRRR Py R oy PV BEPERE o BlarkRE i3 cfiePsheh 830

arelvaapped dreuriditke poro 846 acardiaglyat Thdiasdetidreblankfet 8H@ may act as

heater. The equal.ly di stant seciions between. the. sl ot
thg Bors R GR X 4 e sment H PatheRabSuppe e it of the
chnBsIabYerdithe oet dinfdler shaRRoRS, the cylinder; and

second, to serve as a barrier to the heating el enent

should it try to npve out of its | ocati.on. 057 .
(08601 MG thimtheshannel. Abs waes 1 9A1Si PERYISRG 'PRUOT PTG cxhasing:
el?%%a%%??&r HbNGndn® oPE heRRARaT: 1010 hit8gh BASRHrh@Rs. The size of

The formed channel” 910 has groves 915 that are

thespiagrié0 spperdicfsinodan ty theosize ofthe pizgse 269 shavar indg getedrent
L b e L G

actOfnodhtecexphmsiorein s@aldisstisnsppipdutingtvedgichbatd hgizontal
dﬁ%gnent 1010 against gravitational forces. The heating

%8%¥ure is therefore nmechanically stable.
[0061] Placement of parallel channels or one channel in shape of a spiral allows for the
uniform and continuous placement of the heating element 1010 throughout its length.
This maintains a uniform temperature throughout the heater and more specifically, the
area located in the center called “flat zone”. The flat zone is where the semiconductor
product will be processed, and the uniformity of the temperature impacts the “
semiconductor product performance. This area is typically controlled to a tolerance of
+/- 0.1 - 0.25 degrees C, depending on the application. The ability to control the

resistance wire spacing accurately in the fashion explained above contributes greatly to

achieving the required temperature uniformity.

[0062] The manufacturing process continues by placing supporting insulation rings at
the two ends of the heater element, adjacent to the core of the heater. Stainless steel
11



[ 0059] The heating el enent 1010 is essentially simlar

to the heating elenent 230 shown in Figure 2. The
wheabiorg1el enent 1010 is pl aced inside the gr oPUBEUSDHH6/002714

After all the heating elements are placed, insulation

. , : | .
riXE h I ERNE U B0 RnBE BpBARE RO oot B BliiRen:
Fdiloavike thiS4tep, ey nevessagysparts erdatdeil ¢o theoutmstardets stefel shiedl for

heat i n lement, 1010 when,it exceeds the l.ength .of
g RRORT O TG e POMIAE (e sREREROR o berdfRE MdhsstpBor o
th¥hidtoaplebheTeh AR 8tep it eplaeate wheifg 1abelplon\vthelkehtdro
aIIOM/?or t he expansi on, el ongation, or novenent of
[006%) Aeat ihe@ndoeimRmt slikﬁxﬂrﬁnfﬂi%ﬁié ghthe@ppertiag Wigsrathitaange of the
size of the space 1020 pay be sim|ar to the size 8f
heafes mgyReana4angerisieen? St Gt POC. AdairesiSaee Wirg |ay be any
cchFxHQMﬁ 1REPmARYiaPsRN hdR aSRAC SupsraRfh il NToh@REWRE Disilicide, etc.
el ement 1010 to accommodat e expansion in severa
Thi fiesd hieating ¢leroeniadbssgbleistplasal impg dildwnsionfraace, where the
i ti . t | :
c Ry S L B RERLRD s o Bl By BBFRANE pfcssing
ofithé fenicoaddtaranbstratesuFrqrh acemefrctuingtstendheiat, iengpodiments of the
. element 1010.throughout its.length. This malntains. a
ing B AR ep BT AN BUBNGEE PR SR ar e Ly Gapain
c ishh €nkthod$ élﬁglayi@g ck@it eshatdtors h@hizerdy axtagaproerdes
"flat zone". The flat zgne.is where the senm conductor
saxngd e thepgnufardinhie o agating e PAySuni formi ty of the
tenperature inpacts the sem_conductor prod%ct
L0064 § Bierfoeinvain hip been deSpisioda TS CAEYeBHIcEboginsgts, those
oft cﬁhﬁl &1 o the grtjwig ir?cioéﬁizg St BRSinentSBREASH 1NHitQIvolthe

application. The a y to control the resistance
embodimeptaciesnyibad.dwit eanche/priactiaed avithampdifiatéonying aliethtiap ovithin

e S N e

illpspabedngent offiingisingy pl aci ng supporting insul ation
rings at the two ends of the heater el enent, adjacent
to the core of the heater. Stainless steelrings are
then wel ded at the two ends, finalizing the structure
of the heating elenent. Following this step, the
necessary parts are added to the outer stainless stee
shell for the support of term nal bars, providing the
connection to power lines, and the support of
t hermocoupl es. The final step is to place the warning
| abel s on the heater. [0063] As in the enbodi nent
shown in Figure 1, the operating tenperature range of
the heater may be in a range between 250C to 17000C.
The resistance wire may be any

12
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commonly used material such as Kanthal, Super-Kanthal,

Mol ybdenum Disilicide, etc. The final heating el enent
wa@sweftdly7 i s placed in the diffusion furnace, MEPUS2006/@02714

conmputer systemw || control the heater to a given

tenperature prior to the @Lgﬁ9§3|ng of the

sem conduct or substrates. Froma manufacturing

st andpoi nt, enbodi nents of the invention make the

heaLwﬂgtgkﬁggg ISnanufacturlng much sinpler and faster
i n conpari'son"to nmethods enpl oying ceramnic separators.
Thi s advant age provi des savings in the manufacturing

cost OA Hﬁ%&crl B&Ja .s. [0064] While the invention

hHas been ernms of several enbodinents,

thfisetraf horiog mmnmelslbmdnﬂaﬂymnd lae oatet bowdary, deoignezandidyéar

the ipvention is not limted to the enbodi nents
boundm&eﬁ%&a 8¢ @%h be practiced with nodification and

ad iR BdakiaB eWntdhk fit tovBe ikt Gy agdishirsemdmgahe trner bpmeagyed
clainms, The descrlptlgp S th s to be ardﬁd s ithi
generajq hegswheR PoweT ia dpRiicd. G hpatiRers ﬂaefém’%ﬁ thy gpace within 2
tempel%]uﬁ‘é %gel s: 1. An apparatus conprising: a first tray
havi ng~an i nner boundary and an outer boundary, the

i nner and outer boundaries defining a space; and a

f3 rst heaidpachu@ SERih If Wherbi thdArst t§ tofpayesand
surroundi ng the inner boundary to generate heat when

povieg defening fieiterer bonedaneand hrying pmliteebeAwisAtrelAreuRd the
inner bZ)lﬁgclgeﬁ?/ \,\,Ellng hﬂvﬁlg mﬁ];g%}gh? th ?ah n% of 168 AOR@MBhES tRihsfer

rises: a ring
when tﬂehbatmg@ld:mmtlgamatebbmmdy and having a plurality of

h%\&sﬁ a&‘cgc?lpg g(b%ﬁé}%gﬁf h%%ﬂléé?% rllcpa?)? ﬁic?c[l finnﬁ%@g olblpag\llalo dar , the

disk h a tdcassbdit awloetn t he heati ng elenent gener at es heat;
and a disk attached to the ring at the inner boundary
and defining the outer boundary, the disk having a
r gcessThdagpatates c}ifQﬁztn;n Bwhdibie thpfiest Atatingodlemnéraicnmprises:
wherein the fir %%atl rltg el enent. co

rise
HRVIRGAEING A IS FinetP iy 12 helght ! %%?hspeﬁetaﬁd
surroud&@hf kIEApluSBRE6f Afd. surrounding the plurality of slots.

4. The apparatus of claim 3 wherein the wire shape is one of a helical shape, a

solid shape, and a flat shape.

5. The apparatus of claim 1 wherein the space having a size of 0.1 inch to 25

inches.

6. The apparatus of claim 5 further comprising:
a connecting bar attached to a first end of the first heating element at the post to
connect the first heating element to a second heating element in a second tray, the second

tray being stacked above or below the first tray.

7. The apparatus of claim 5 further comprising:

13
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4. The apparatus of claim3 wherein the wre shape is
one of a helical shape, a solid shape, and a fl at

W@ b@p®79157 The apparatus of claim1l wherein t hRCEPS2I6/002714
having a size of 0.1 inch to 25 inches. 6. The

Lai ¢ S :
SEBSLEL 48 Sl Ry AT LS RS DB R
the firef leiremng elaimettite aposdnd lzatinnelementtinhe skearsitirdye dtei sagond tray being

el enent to a second heatin |l enent in . a _second tray,
stackedkfBOSLIGRRIY AR TR RY Lo BRSOV S e BATSY RAPE Y o1

tray. 7. The apparatus of claim5 further conprising:a

power ?\ar %tﬁthached to a first end of the first heating

ePenen E°HBE ™ 80 connect the first heating

eFeBAd a fitst &af BaEAE ah e@iel BEuRlhB@Idani cutedr tRAAGHS, the Byner and

the second tray belng stacked above or bel ow the first
outer poupglariesdelingiged sn3se> Ménnecting to a power source. 8. A

Mk %%E’géaitiﬁg REmdnPfdThBGird thi “[(?j Sul i thaMinBObddary, the first

I nne ary“and an outer boundary, the inner and”™
heating\el e genrratingdatiehempergerds spmicd and aspanding indghasmare within a
tmnpgaa%ugggglenent to the first tray to surround the

inner undary, the first heating el enent generating

heat when power is applied and expanding in the space

Wit hi n r at ur. . '
WRer ci e BEARE dhetlif § @RkEn e g d B AR B SRR
a foriting aleih defiging e innerdroubdarpdad hiadngl a lphwality of slots spaced
lurality of slots spaced aroynd i.nner. beundary.. 1.
srounfl i By SRR R e e ookl o PRy PP T gyigine hea
transfBY WNdrtthB Gedip@teldhan ShadratehBentidng heating el enent
generates heat; ~and attaching a dis

the.
| BHeshingonfigh Re ringw tas WRERAUP TR the ﬁé&&eﬁl@#@% }Mtﬁ? goundary

d hAHo RadRGoditheess to fit a post. 10. The nethod of
an %iqa m 9 V\hgrleiar?bfitti ng the first heating el enent

conprises: fitting a wire having a wire shape fitting

t qot he 7k REaliel GHllail § RhéreMeritihs e BRAKALAR dlement comprises:
surrounding the pluralit g of slots. 11. The nethod o
cIfifing a wiraheyiogm wikeeshape Eitigigdp éhe Enphrdslyrwith mueitie|space and

sun‘oén%?gethe %hﬁ‘&ﬁt&/ %f §1|3?spe’ and a flat shape.

11.  The method of claim 10 wherein the wire shape is one of a helical shape, a

solid shape, and a flat shape.

12.  The method of claim 8 wherein the space having a size of 0.1 inch to 25

inches.

13.  The method of claim 12 further comprising:
attaching a connecting bar to a first end of the first heating element at the post to
connect the first heating element to a second heating element in a second tray, the second

tray being stacked above or below the first tray.

14.  The method of claim 12 further comprising:
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12. The nmethod of claim8 wherein the space having a

size of 0.1 inch to 25 inches. 13. The nethod of claim
wa2o0bardier conpri sing: attachi ng a connecti ngP@OEIUS1006/602714

first end of the first heating elenment at the post to

connect the fir ' '
CRURRHHe | el L HOBoEAE R RSP A Do
the first lkeakied ekbeuetoar seb@lddwatihg eleineat intar seyondiiday, Theseneidhtoaly being

of .cl ai 2 further conprising:attaching a power bar
Sta01<qd£abgv?9%?°@ﬁlbe%’fgt{r% a?‘ﬁrst heating el enment at the

P@8iindcang eRIRer bitao bipowler Baatd.ng el ement to a second

heating el enent in a second tray, the second tray

bei ng stacked above or below the first tray; and

cagnectA AgndcBeopersingbar to a power source. 15. A
furnace conprising: a shield; an insulation |ayer
edchisidd by the shield; and a heating core encl osed by

t RE A RsioATlRPelBYRE by hEsHigal ddag core conprising a
plurality of" heating &l ement structures, each of the
hedtepting eire prsiesed by ias wselsticnlipes Siedgating ¢orp SPmPREPSE 2
havi | r isine:
L
first heatttry avegentinddrtbotodarnend an eutet paundarydthe inner and

surroundi ng the .i nner .boundary t.o generate heat when

power ioéllceégﬁ’in}cgﬂ?s ?%5“%%??%6’ ®lenent expanding in the

S lDaC e W ﬂx’l\it!l'h Hea@ing ﬁﬁ%@ﬁt}?ﬁﬂib ehd RRgeay &l suffoendiug Hacianafboundary
claim15 erein the first tray conprises: a rin .
def i ni g SeNeEate A Whs8 PRUAF i Rleh A hghng plement pARpndipe in the

slots %ggcgq,qt@ﬁg drhyard ARSY, boundary, the ring
havi ng ring height, the plurality of slots providing

heat transfer when the heating el enent generates heat;

ang. a dirskuahtaashetnd B Wh&el thE figd tdalQoinpAgss: boundary
and defining the outer boundary, the disk having

- @ossdfioieithe ingoseundar, ameariselibrof e haged around the
inner WAGEELD hOffnd hiithe D63 hOEHEMETANIBATIIE B idindhé f transfer

when\tee héatiap eepmotgamchtes heat; and
a disk attached to the ring at the inner boundary and defining the outer boundary, the

disk having a recess to fit a post.

17.  The furnace of claim 16 wherein the first heating element comprises:
a wire having a wire shape fitting to the ring height with a vertical space and

surrounding the plurality of slots.

18.  The furnace of claim 17 wherein the wire shape is one of a helical shape, a

solid shape, and a flat shape.

19.  The furnace of claim 15 wherein the space having a size of 0.1 inch to 25

inches.

20.  The furnace of claim 19 wherein each of the heating element structures

further comprises:

15
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surrounding the plurality of slots. 18. The furnace of
claim 17 wherein the wire shape is one of a helical
W@ b@po79187 sol i d shape, and a flat shape. 19. TPEI/US2006/002714
furnace of claim15 wherein the space having a size of
0.1 inch to 25 inches. 20. The furnace of claim 19
whgroshectimgdiar atfachébtorpefinst engl o therfirat heatingslamens af the phgirio
C I : i ar .ac o a first f
conndtp TR S fug BRAETLH AR TR REE b Shirfise fdboond
tray beingsitadiredtibenvg oz lbelventhe fisstaragecond heating el enent in a
second tray, the second tray being stacked above or
bel ow the first tray. 21. The furnace of claim 19
wdr ei Tledomaoé of dignhEatvhagirsdaehefithedtenting elemsnt sinuttoess
rises: a power bar attached to a first end of the
§&ating el ement at the post to connect the first
heaidwig bat &RAEd foQ fsSeeuTthdeat hétding leRAmiit at the Bost to connect

second tray, the second tray being stacked above or .
the fipshepfingiederont &3 2 saoayd heatiag ﬁémnt Hh# SEORM BRY:ithgsacandtray being

stack@P¥dfve P BEIOR- the first tray, the power bar connecting to a power source.

furthq?riocp

16



