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"SECONDARY EDGE REFLECTOR FOR HORIZONTAL REACTOR Background of the

| nvent i onWO 98/54381 This invention relates generally t‘%:Téuq?G’Woant al
reactor for depositing an epitaxial layer on a5 sem conduct or
waf er, and nore particularly to a reactor havi ng a secondary refl ector
for recovering msdirected thermal radiation and re-directing the
recovered radiation toward an outer edge of a susceptor supporting the
semi conduct or gebeNDhRYhEDGE! REFEEGTORNEORNADRIZORTAR RBacgbR! Ocations  in
the wafer during epitaxial | ayer deposi ti on.

Conventional horizontal reactors conprise a quartz reaction chanber
whi ch ext engadkemrictomg a peMmyemtion an entrance for admitting reactive
gas to the chanber and,;l5, . st for i LVE~Q ro

chanber . A sus gfé}]oj%o rl%g’ 5 gflf:tlltocr)1 n %& 1%§Q%h gglrléggﬁ i&g neg h%ﬁ%%?l%egg@%l
general | y pkgestomf eforececdspoRiEing ac@n or eBlpptialng kayer on a

sem conguct QlemRiRaudHd N Owa fer CNARKC HoMAPPAr EEPRPAE 1PNt a PEASESS.
Heating arrays ,positioned %gove and bel ow the 20 reaction , chanber _heat
the sem com@YCt¥& 2w&SEO™ refleckepfor. TR %Gy LetbrEcEeda
plurality ofthex=dr ahdiatidreand aepdizedtdng chenpeeovetidctadiat bon

directing ther radiati m t.ited _by I d
suscept or tg:%@d héat tcﬁlg:le\%t/af %r%g%ndtbtsfusgepfsgrgsegggg QHBI%OLQX\?% iésl?g
i mport ant t emdigarEurtPnREem tdpbeaturehe edggi sard hdmhd®iscr8bipt he
vaf er diri ngiGhJiAalon?POkn = thélepQaifleron d&?in?VO'e‘ﬂait\é._@:fi%'fL defpets
known as slip , ., dislocations. If the tenperature varies across the
waf er, dapasdiddeevel op in the wafer, and if these stresses becone 30
great enough, a sl igonvrfdiaiail OrhofidbontXUrreactdts p comprikes!| ogati ons
cause steps on _the faces. of the fer.. ver., . S
sen conduct #*&arer$d (-{_'s]t':’rbectha““l:'\l\ela’l:e>‘<"'trhr;L grlrleleff t§ m\(g(g)t Ogﬁ%gﬁf’éﬁgobg\t'vé% Foni ¢
circuits muprbentrance for admitting reactive gas to the chamber and

15 an exit for wventing reactive gas from the chamber. A

susceptor positioned in the reaction chamber has a
generally planar wafer receiving surface for supporting the
semiconductor wafer during the chemical vapor deposition
process. Heating arrays positioned above and below the

20 reaction chamber heat the semiconductor wafer and
susceptor. Each array comprises a plurality of infrared
heat lamps and one or more reflectors for directing thermal
radiation emitted by the heat lamps toward the susceptor to
heat the wafer and susceptor.

25 It is important to maintain a uniform temperature
distribution across the wafer during chemical vapor
deposition to avoid wafer defects known as slip
dislocations. If the temperature varies across the wafer,
stresses develop in the wafer, and if these stresses become

30 great enough, a slip dislocation can occur. Slip
dislocations cause steps on the faces of the wafer.
However, the faces of semiconductor wafers must be
extremely smooth and flat so electronic circuits may be
printed on them by ' electron beam lithography or

35 photolithography. Flatness 1is critical to maintain
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2 resolution of the printed Iines which can be as narrow as one
mcron or less. Slip dislocation def@cts cannot be removed. If a slip
di sl ocation occurs, the wafer nust be di scarded. Therefore, slip

di sl ocat i on mhsfadattsiqrunt Hehes prinsiated inas rhiql tean de | ag raxiePnsas i on.
Moreover, thgd hhfi‘f@ﬁsoér"iers%s' StSYiISYdeslBEStlon @@fb_%salcalzﬁw yaries

as a function of fer e ature during chemc va dep05|t|on
Uni f or m epi t%884e c‘i“n%]s‘%c EHLT v&?‘?/ égf%r to
produce 10 csﬁﬁamwlct oﬂ&el&é\fbl&g,d&ﬁhﬂpabcﬂfsbds@@emm edefeenst htexsmf]ees

Thus, a unifQrm e t i during chem cal
vapor de%osﬁlondvaé c{u]}mrg) p%t"é\)%écx(':i; taé’%te'l:hélﬂkfg’t'sq % ‘'he susceptor has a
greater surface arMexemsremynithe/othheknesas entierrqsdrSttiiorr:i:’;yofoﬂ hehe 5
susceptor, gk dieal ey b V&5 tad FOTELHE S0 URatr tem éﬁéﬁﬁiren and
convecti on. & energy | osses are not onmpensat ed or el t her

di recting adiﬂ:ﬁremaﬂhwagkl vapoxn é\ﬁspélttﬁenedggnéﬁow eRdLRxAGL| bR¥RS, the

edge of the tmcm@@@pt ahawi |ﬂe§3.%t§.6ﬁ|t9r tdwee t hequiigdhe Qifothgréaﬁeéptor-

20 Si th I 1 d
uscopth arPT i TR CRVIROCAT AR L FTRROP L2 L S oL EpgeratFhsy | no

waf er throudthuse s usddpror wafer fempdnmturd must wgmamhtahlaeduéuepngr S

cool er than gﬁn% of the wafer will be cooler than the
25 mddle v%ﬂéﬁlcal rg.géﬁe el’%ove 'can result in slip

di sl ocations thereby yB%‘F%#% thR4gn of cLhfensceptor has a greakfror der
to reduce the;srpeat aQEae@%&g}{lﬂﬁ:Stv@Iume thhhe cktige Yordiwny!seeptre and

to alleviate the defe e | os eat .shields and
heat | ahbe RUSTERESBocAOk? rARGEASTErPEdREe 1REk HT580 R EOTmetir ate
t her rral enerxpdmatidie eddescovethdonuscepf othe eflergyudlvsses dimsaot
measur es hav@o@&?s&%&eﬁﬂl ei Ph¥3' yi)ﬂ?g ciiﬁgéc?t‘?fné.nadditional energy
' toward the edge or by reducing losses, the edge of the
susceptor will be cooler than the middle of the susceptor.
20 S8ince the wafer is laid directly on the susceptor, the
wafer and susceptor are in thermal communication. Thus,
heat is 1lost from the wafer through the susceptor.
Further, if the edge of the susceptor is cooler than its
middle, the edge of the wafer will be cooler than the
25 middle which, as explained above, can result in slip
dislocations thereby yielding unacceptable wafers.

In order to reduce the amount of energy lost at
the edge of the susceptor and to alleviate the defects
caused from the lost energy, heat shields and heat lamps

30 have been arranged to reduce heat loss and concentrate
thermal energy at the edges of the susceptor. Although
these measures have been successful to varying degrees in
preventing slip dislocations, still more can be done to
reduce thermal gradients across the susceptor.
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| nvention- Anong the several objects and features of the
present invention may be noted the provision of a reactor wherein
thermal gradients across wafers are rgduced during 5 chem cal vapor
deposition; the provision of such a reactor whi ch produces wafers

havi ng fewegughbRvdios! ekat t8entiofief ects; the provision of a reactor which
nore efficiently eat' s ers, and_the provision of a reactor which re-
directs nisdirected tﬁ@PHﬁ1W§H%r§9V?6ﬁér %5F§§§;o?n gr Egaddregy ohekhbe oss.
Briefly, appzestns dhviehitdonnweiyt iben ictedd the hprovbeioh o€aat geatebr

depositing Aeslibtalrad/SLallofes ocRRULCHINMELON MR LRy, coaTHE 30T OF

conprises a'freact § >shape R&nd
sen1conauctGhem5caﬂaﬂﬁpoandeao§a§¢@pbothhaprnglanOOUDQrse@@eaaweaator

general |y whlghanﬁrdmfc@s r Qfi g M{ﬁ"&e PQ%%' OQHP nd&'%@.o%‘i%&’bhon
chanber for por t t he _sem conductor wafer n tion, the

react or conPf ¢§Egsa r Pﬁ&véPPQF Réspt FeREFOT whighspgee, gEficdentdy
chanber conpeagisngr@fetsly abhlly tie hpadbv28ionl ajsa &rérict@rprwmu re-

reflector for I recti.n radi ation e t he _hea Ianps
Loward the Saesheonipgitectdf fRernal ofEELR RifhAd Ands B o22alERto:
Furthel0 theeat losgactor conprises a secondary edge reflector having a

specul ar surface p05| atlgﬁes%ﬁ§éggydy%ué§g aniay iﬂgegglogecg%erlng

m sdi rected t her mal ener al t he
heat i ng arré*?r&ﬁﬁ’né'ﬂd-y rf%%qrhef%sim%*tmg anmlgeaeﬁélailwéag@n a

rﬁf|30t0r |%e&ﬁ@@ﬁiﬂﬁﬁ$ﬁ”ﬁ@ﬂ@ﬂd “ﬂTHe readt@sPeebmpbeicke hgabtlel@tdlonay and
t he suscepta

f e msdirected_ihernal, ion to
the outor 360URsE G139k WRCERERRY ARSIV IS ohB: FoRtiGEAAARSE o
15 wafer and a susceptor hav1ng an outer edge and a generally
planar wafer receiving surface positioned in the reaction
chamber for supporting the semiconductor wafer. In
addition, the reactor comprises a heating array positioned
outside the reaction chamber comprising a plurality of heat
20 lamps and a primary reflector for directing thermal
radiation emitted by the heat lamps toward the susceptor to
heat the semiconductor wafer and susceptor. Further, the
reactor comprises a secondary edge reflector having a
specular surface positioned beside the heating array for
25 recovering misdirected thermal radiation directed generally
to a side of the heating array and away from the susceptor.
The secondary edge reflector is shaped and arranged with
respect to the heating array and the susceptor for re-
directing the misdirected thermal radiation to the outer
30 edge of the susceptor. Thus, the secondary edge reflector
heats the edge and reduces thermal gradients across the
susceptor and the semiconductor wafer to inhibit slip
dislocations in the wafer during epitaxial layer
deposition. | |
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the sem wafer to inhibit slip di sl ocati ons waf er
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objects and features of the inventionaw || be in part apparent and in
part pointed out hereinafter. Brief Description of the Draw ngs

Fig. 1 is a schematicOtbeti obfjestet hod GeatuFes hbrtheninveneacbowidl the
present invgatianshog %?)8%? bleNdng iﬁg k! to%’%z@:%dl VR n@PednggReonduct or

waf er; I's a sc tic'to l'an of a reéaction
chanber of the reactor having parts broken away to show a suscept or

posi ti oned gpiklRepegasib®honhafbehs Dawings Fig. 3 is a section of
the reactor taken in %ﬁe pl ane of line 3-3 of Fi 1, showi ng.a | ower
heating array; ig. 1 s F?g.s‘?f“?’%ata"%ec‘,’ﬁr('ir’rcg'ﬂ tFREY Rt &F t3ken in
t he 5 pl aneiebnkieide réadtolr Bifgtha; paedent invention fofFi §epbsisiag

perspectiveagfe§%?g§SQQa&% QQ% 13 s%ﬂﬁkﬁﬁ%g%%g&,ug%egnesent i nventi on.

Cor r espondi ng erence har acters C corresponding parts
t hroughout the severaFigi.ews 8F ttheschemafigwitifgps.plan of et sphetion

Descri pti onchmbe Beehdld abdtdiiBiingbarts broken &RAPrELNEnoRVLto the
drawings and 1 n particul g o Fi.g. 1,” a . horizontal reactor for

r, t, I.g
deposi ti ng SNESHPESK Resitioned dn &S, reantdoiy GdRSPekdfer Wis identified
initsio entirety dg.ha riaf & e ivmes il tHO. readber r €akéRr ihsSthe

housed in a?)l%rﬁ(él 8§ui§n%23£9a6tfi f}:{.éy f,hOQMQWi%{bd J90e54 hgating array;

Fig. 4 is a section of the reactor taken in the
plane of line 4-4 of Fig. 3; and
' Fig. S is a pers?ective of a secondary edge
15 reflector of the present invention. _
Corresponding = reference characters indicate
corresponding parts. thrdughout the several views of the
drawings.

Detailed Description of the Preferred Embodiment
20 Referring now to the drawings and in particular
to Fig. 1, a horizontal reactor for depositing an epitaxial
layer on a semiconductor wafer W is identified in its
entirety by the reference numeral 10. The reactor is
housed in an enclosure 12 (partially shown) and generally
25 comprises a reaction chamber (generally designated 14), a
susceptor (generally designated 16), an upper heating array
(generally designated 18), and a lower heating array
(generally designated 20). _
2s shown in Fig. 2, the reaction chamber 14 is
30 sized and shaped for receiving the semiconductor wafer W.
The chamber 14 extends horizontally between an entrance 30
(Fig. 1) for admitting reactive gas to the chamber and an
exit 32 (Fig. 1) for venting reactive gas from the chamber.



25 conprises a reaction chanber (generally designated 14), a

*susceptor (generally designated 16), an upper heating array (general ly
desi gnat eWo%)ﬁsl and a |lower heating array (gener aPCH/USBHI7088at ed
20) . As shown in Fig. 2, the reaction chanber 14 is 30
sized and shaped for receiving the sem conductor wafer W The chanber
14 extends horizontally between an eni;sr ance 30 (Fig. 1) for admtting
reactive gas to the chanber and an exit 32 (Fig. 1) for venting

reactive ga e eq,gg:rg% ﬁ,gg;‘%

PCT/ US98/ 0788848‘{&%}@ e3%ntarnéince)¥g'0 and exi §%aﬁl§ V& f?%\hgéé 34,

36, resﬁ@ﬂﬁ%%ﬂe%r r@%as%l?amctq:?@n%%‘élm@acthen reacthember to
process pi pidianbet P e\yy hgnm%t %hb%) whit®aetbhepgas st enand

fromthe chanber. The % % ‘\ébl nserted and rem)ved from
t he chamber Iﬁf“ftrﬁvo%gﬂas F&cht B59390eBhot FRBt Y&if&kn)W béfor e

and after tt;&eferaﬁﬂqmmmlertedpand feposedi from [Uine eSmmber 14 Ahtrb&g@h

g'lt‘ Qgrent [ nvenkfél on t%:.[%?]aér eac ﬁ%ﬁ nggpﬁ(}v{xﬂg bfﬁ% t he ﬂ%ggl ITEt e

I s made of cﬂl&ﬁmzcal vapor dep°$h§lgusc@|§p§§8§6 has hlt;htmghar otbegss 40

whi ch o e P e NP By LPéé’d‘%lﬁ’%@tE A8GLHViRY BUEhaCRel EcBB@ of
upper side of the susceptor for receiying the wafer W The suscept or
16 i s nount dPOnPEeSRERET WVeHi iR s FRRGE B 150 at“lﬂﬁrsuééeﬁ?%r t8&r i ng

t he charg calpreferratt pathdd ineny cis:ge&‘n&de of t@la&,\w‘ﬂ y distribute epitaxial

ial and ther mal h f_the wafer WAl though
the shaft 42 1o (FLHaReRF SR 1o P chrvareelnn: EetEy £8 PRach o

susceptor, forms aomwadﬁaﬂ nlmr@e: avater brackavingnsiurfanm) inmithebe 20

mount ed on tl.ngpé'!p%fd@@% %et Qasée?%rf Qérhpé&ﬂglﬁg?ethe wa S GPPL @he The
bracket firm su ports the suscepio 43 iE”é@cont acts the susceptor
e

at three poi P i Gri i mount g an @ §|1i’§'¢§r &k ehevdarotasgs

susceptxs . the susceptor during the chemical vapor deposition process

to evenly distribute epitaxial material and thermal energy

over the surface of the wafer W. Although the shaft 42 is

illustrated as being connected directly to the susceptor,

a conventional three-armed bracket - (not shown) may be

20 mounted on the upper end of the shaft for holding the

susceptor. The bracket firmly supports the susceptor but

only contacts the susceptor at three points to minimize
heat transfer between the shaft and susceptor.

The upper and lower heating arrays 18, 20,

25 respectively, are similar to one another. To eliminate

redundancy, only the lower heating array 20 will be

described in detail. The minor differences between the

arrays 18, 20 will be described following the description

of the lower array. Components of the upper array 18 which

30 are similar to components of the lower array 20 are

designated by similar numbers in the drawings, but will

include a prime symbol to signify that they are upper array

components.



_The upper. 3@9,5‘;3% r heating arrays 18, 20, 25 respectivelpyraibogofdn |l ar to
one anot her 0 elimnate redundancy, only the | ower heating array

20 wi Il be described in detail. The mnor differences between the
arrays 18, 20 will be described follow ng the description of the | ower
array. Conponents of the upper array 48 which 30 are simlar to
conponents of the lower array 20 are desi gnated by simlar nunbers
in the drawi ngs, but ®wslillustrabped ude Rigr ilnetbenbovertr cheaging \axtey t hey

'I%EJ% ngg; 0?8§g¥0mpr iSEQWEQBﬁEt fubular mﬂ%?éé%%éé lamps 50 arrar'xt%ed

i | | ustrat edPriatilgl £o eReh| ehberhéat ? iglane ayfour bulhdnme sfrargd

tlubul arfl nf h%&;egltaﬁ@b banpasielaﬁéangsﬂow th@aﬁ@bxhﬁért&m% |é1era1r?1d1 a

pl ane, four bu pas| ow f he

t ubul ar >heaf PANPE: a’ﬁ%l‘?%e a‘éo’brﬁ a?lelfy[ gg% ?ﬁe%} é%‘iw 54)

for directi nhermalt headdat icrdi amu.onedmhyt et:lhéy}telm: hkatps arpsratrdveatlde t he
suscept or t s c ct wa S pt The array
20 al so mc% %es a%gupggrt%g rggfdlg Che ;g&‘l(\é%aﬁ‘gc‘c%re&g%é dO@G ,?&
supporting smscspteary The aeram?t%lam anglndes RasppPoD: sizructl'tlti!eeprl mary

reflector gena4ahny UERSS le\pgt@@r akgl i c g5f | %}ﬁ&ﬁ%@l\hl% ligrtipdey the

t wo outerm)st t ubul ar _heat s 50 on each_si of tHhe array 20, and a

flat ré® ecE&EIE6tRE O P‘Péshﬁﬂaelai“ﬁé PBur52. TRAtPEIMIXY et EREEBul ar

heat | anps. 53l ah&lGdear eWa‘:opam@bd:Elc irefil-tifd o@ ehi%h Undeundaehchelbul ar

heat - | anp 5Q_for ermtt| coplipg.air cul ation, around t elarrps
As il1lu troatoehbtem t t an]f: E gf“pghapoedorﬁoF%c%4s|1§ fh rrred in

the center @ﬂ-’rtarYewenandl aréla'ecmflwomoshﬂnmh liepnupidgr t_ﬂ;lec@tbmndru cal

housi ngs 66 c%tt%(iﬂﬂ%c%tte@”tﬁmhﬁxzﬁeafcr ?gmbhe r§i!>€§t@§ §Pe bebayegach
| obe of the hole fo di % convent | onal -ty i nfrared

heat YBanpin tré%sﬁ%]-?%'éorGﬁ‘* rhcﬁi’s‘f}hg%ub‘ﬁjaa’éréeaﬁglléﬂ‘l’t &% FEL
‘thernal enefgyrdnddined dyolirey badb- typeubseiohagpsuhd the lamps. As

illustrated in Fig. 3, a cloverleaf-shaped hole 64 is
formed in the center of the central reflector 60. As shown
in Fig. 1, cylindrical housings 66 extend down at an angle

20 from the reflector 60 below each lobe of the hole 64 for
holding <conventional bulb-type infrared  heat lamp
assemblies 68, The housings 66 are angled to direct
thermal energy emitted by the bulb-type heat lamps 52
toward a central portion of the susceptor 16.

25 The support structure 56 is best understood by
referring to Figs. 1, 3 and 4. The structure 56 comprises
two cooling manifolds 80 which underlie the ends of the
primary reflector 54. Each of the manifolds 80 has an
internal passage 82 for conveying cooling water to reduce

30 the temperature of the primary reflector 54. The manifolds
80 are attached to the enclosure 12 with screw fasteners 84
(Fig. 3), and the reflectors 58, 60 are attached to the
manifolds with more screw fasteners (not shown).



toward a central portion of the susceptor 16. 25 The support

“structure 56 i s best understood by - referring to Figs. 1, 3 and 4. The
struct ur eVBBIHBAPY | ses two cooling mani fol ds 80 whi chPOHY898/07688t he
ends of the primary refl ector 54. Each of the manifolds 80 has an
I nternal passage 82 for conveying cooling water to reduce 30 the
tenperature of the primary reflector 54. The nmanifol ds 80 are
attached to the enclosure 12 with screw fasteners 84 (Fig 3), and the

reflectors 58, 60 are ﬁ;taqaﬁgt&%te L) gf@amim ds ¥ddl MOLE SELTW,
8 3

fasteners (not shown).
PCT/ US98/ 07(@@1gnated 90, surrounds the primary reflector 54Asand

i1lustrated ddmptdsed. to fé@dtpl Heser o |(>bnly ARSI MREH9q s %EQEBME SW}]heh
one (0] I C

rimar reflec or 54 | ates 92 (on

Psl vi s?/bl e) @ E‘ﬁ‘a ?383%h‘@%’faﬂe"gSF%éeaﬁd5?39?—‘5?%6? ots gﬁ heTgadgn@s of 5
t he end %l atedse %@rpﬂ.a:tmmr&ﬁarand efeamidary ¥efllertors @redre fabegaeler by
SCrew fasterleéi ,g? J_(Fb er{e]:988 %%e ]ﬁ%at;l che E%%\%ﬁh rgﬁd. | at es

92 with screw ener cover | anps
50. AIthoughatﬂtachedu‘éOeﬁhesecdeﬁlﬁhas 8Rhwithaserew §asa§mbesusea ®iot hout

10 depart'rEb¢éPn%EQeeﬁ&Qp8fOEhéhﬁuBﬁﬁﬁﬁnhehEVQthQnsotheAlthoﬁBKeEE 98,
end plates 92 and seg y ref ors 94 o preferred embodi nent

-
are made of ’a?uﬁ‘?‘?f&r?lmnfe% a"oi?:ﬁ“h 8Fr er mattr"r’er’égt%r‘l“ﬁl’ %f%%%@ ¥ithpuse
conponerd s adepgotisdhedramd the gebgeplsf edheo prgyete iheehitisipl the

crergy tovardbvets 9%, eAf BIETRel B2 ol *RECAMEY, PR EHIGT ba by TR
ceramc preferredr embodimedy are pedd i ohecalumibvenandIbekbddithonends
of the tUbu'@ﬁehéféeff&?sségkacégr éﬁggé”ﬁéﬁygﬂghéﬁ(gPe 1%%%& %ﬂq of

the heat |anps, 50 are fastened screws

nmount ed on t¥RIEndAhest ¥o4 %’B?rove the | Foermal eI’é%fW‘E:‘H‘Sﬂ-tﬂf) hac at
| anps Wen eped@tEetidir tempRreiireandyalieactsothshmal)energy toward

the reaction chamber 14. As illustrated in Fig. 4, ceramic
insulators 102, 104 are positioned above and below the ends
of the tubular heat lamps 50. Wires 106 extending from
each end of the heat lamps 50 are fastened with screws 108
20 to a bus 110 (Fig. 3) mounted on the insulator 104 for
delivering electricity to the heat lamps when energized by
a control system (not shown).
The upper heating array 18 (shown in Figs. 1 and
4) is identical to the lower array 20 except that it holds
25 nine tubular lamps 50’ rather than eight, and it does not
include bulb-type heat lamps 52 or the associated housings
66. Furthermore, the outer reflectors 58’ of the upper
heating array 18 are flat rather than parabolic.
The previously described heating arrays 18, 20
30 are conventional except that the lower side covers have
been modified as shown in Fig. 5 to form the secondary
reflectors 94, 94’'. In particular, these heating arrays
18, 20 are modified Epsilon I Epitaxial Epi reactors
manufactured by Advanced Semiconductor Materials America
35 Inc. of Phoenix, Arizona. The secondary reflectors 94, 94’
extend parallel to the tubular heat lamps 50 so their



The uppervuggg‘agbarray 18 (shown in Figs. 1 and 4) i pct/dsasioressl to
"the | ower ~arfay except that it holds 25 nine tubular [anps 50' ‘rather

than eight, and it does not i ncl ude bul b-type heat |anps 52 or the
associ at ed housi ngs 66. Furthernore, the outer reflectors 58 of the
upper heating array 18 are flat ra&ather than parabolic.

The previously described heating arrays 18, 20 30 are conventional except
that the | oweensirdd c@eatdonsve are nnﬁﬁtiunﬁ&ieUeasdshomhe|npaumaﬁ?t().
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arrays are nDdlfled Epi t reactors
manuf act ur ed {By Adv SRESHL S@h\éHﬁ§EEFonNﬁPSrPﬁP@aﬂﬁbfﬁééeSSOrslncE%ﬂh

Phoeni x, Ari ée&anda}'pe fa‘@ﬂ@&t&fﬂ 943)‘ | eatronsgd4a Yecular extepsde®anald el to
t he tubular h nps_5

PCT/ US98P070% :Lch 1s ang?eg outward =To) therma? raglatlonceé?&q%ﬁdwttlhgns are
positioned beddee td®e phenareflector | eet @l 5Byara1t}&tr Iearalbomts alilsy

behi nd the TLISGLELE poually Ene SRESULE LrsUrfacerlyt e b

refl ectors. secon a Spécula uf?hce 120
5 whichis apgpyaa@uswfac%d&m@emweradmasdme@mdtréwwk madiatigindes of

the refl ect opgragrand 1%ymsal;amry CRURgNOfidh | the susdpcdedikougid the edge

of the susceptor recovers

Specul sufr,face 1
ni sdi r e¢Ped fii’réfeﬁﬁﬁ Faal misdrecteq tﬁ?&‘t"?ﬁ BRAAEPR ERaFR 194HR (e the
suscept or 16sa@=d:epeor1&to thenec thet I&agm sdmrsesztw.&d blae mipplareadi &ld @whdse an

edge of the C at pparent to.those
skilled in tﬁgl%§%§ e enerdg?re ?§%Q%§ ?%gfééé%glg e §ﬁ¥¥%ﬁ%§ﬁ20
reduces ther swrfgncadnéﬁt seduc:QSSthdaremsllsgneqdmnts aqnﬁ:md:h_eemmwr—c{tmr
wafer Wto iRl Rinlg Hedull dbnth@edl! MBFelow tid iR Al &1 19148 SRR L

| ayer deposition, Al 't hough of her configurations are
enV|S|oﬁ§d adn thepwafer,duking: RRIEE%HRL 042YRE FPReRHEIPRvention, the

specul ar surface 120 okltheughebthetd cenifadurtftions are wRdisArnied las
planar and lib%%n%t %Etﬁ:{lgl ethét%cE%%pegé ttci'xe present invention, the
specular surface 120 of the preferred embodiment 1is
substantially planar and lies at an angle with respect to

20 the wafer receiving surface 40 of the susceptor 16. For
example, the surface 120 may lie at an angle of between

about 40° and about 80° relative to the wafer receiving

surface 40 and the plane of the tubular heat lamps 50.

Moreover, although other relationships are envisioned as

25 being within the scope of the present invention, the
specular surface 120 of the preferred embodiment lies at an

angle of about 55° relative to the wafer receiving surface

40 of the susceptor 16 and the plane of the tubular heat

lamps 50. These angles have been found to properly

30 position the specular surfaces 120, 120’ of the secondary
reflectors 94, 94’ to reflect radiation emitted by the

sides of the reflectors S8 and by other components of the

reactor 10 toward the edge of the susceptor 16 to heat the



20 the wafer receiving surface 40 of the susceptor 16. For exanpl e,
“the surface 120 may lie at an angle of between about 40[err] and about
80[err] neDas/s438lto the wafer receiving surface 40 arRFVHESPIMe of

t he tubul ar heat | anps 50. Mor eover, al though other rel ationships are
envisioned as 25 being wthin the scope of the present invention, the
specul ar surface 120 of the preferredenbodiment |lies at an angl e of
about 55[err] relative to the wafer réceiving surface 40 of the

susceptor 1QqaRd.the ﬂt@e Rhet hf‘?fl'@&éfsh%%t 947 ?ﬁ%ﬁt

angl es have béen found pr oper osition the S ecu?ar surfaces 120,
120" of the%&?@h{dward tfi%f?@ﬁ?—oﬁé Gzhe PMSEPHYY | bet LPaFOIPESSaES t t ed

by the fordgheofincheaseld dehb® Ioad atd dhe @deRr e Treh tllte
reactor 10 toward the a%e of the suscepé or 16 to heat the

98/ 54381  Jreatér surface area per unit VolyRen sog/ 07088

9 édges Thus, Int heiewfdfcthesa®bbdbye94'it neidi eloé sbenmghat thener gy
toward the g Aht epkor, 6 S h ng d
heat | oss at the ed %%ﬁ{t% t S_QVQBQ}BSH %tg%t earc%{é\%%%esglrie% g%r%eumt

vol une. 5 advantageoqsnr\ﬁ%t(g attlﬁalet‘tﬁﬁ'e |t will be seen that the

several objects of thed nyLRides ehenge@ %/&ﬁ@nﬂeomaere in @H¥aRREROUS
results attai ned.

ous changes ¢ d be made.in.the
ove 2 BBt raatdans. WGP B PR RLipe e EhE asEPPEnef o the
i nvent @on, iimviemtirtrendéd ishdmntandadttitet el aatedn rddtmined dbhotde
descri pti on 9o ANONDL D L0LoRACEATPANNIAN0 3 f LIS ccompiRPkhgDBurlliigy ot od

as illustrafive a %-
shall be interpreted as i 1ustrat1ve and not in a limiting

sense.
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10 %98’5438’ WHAT |'S CLAIMED | S: 1. " ARorizontal

reactor for depositing an epitaxial |ayer on a sent Conduct or waf er

contai ned within the reactor during a chem cal I tion
process, the reactor conprising: 5o ﬂﬁmw mw si zed
and shaped for receiving t he sem conduct or wafe tendi ng
hori zont al | ylaimshet ween an entrance for admitting reactive gas to the
chanber and an exit for venting reactive gas fromthe chanber; 10

a susceptor having an outer edge and a generally pl anar wafer receiving
surface posiWHAThEP i TPAREDR Bt i on chamber for supporting the

sem conduct or waf er dLmJ Ng hehoriz6hEHL Cake¥SPOF dﬁﬁOSIdépaé&&%eS%h

a heating arJ ay B ned _outside the r

0 sing a
i ural ity off RV 2 op | pepycondaRkeP owazer, GPRiRTaeH, Ryt bREr oa
radi ati on ertihe ewantogaidtiring pl chehityl ofapentddmmgist fonwarddelzs ,stheept or

to heat the éﬁm%uﬁ waf er and susceptor; and a
secondar cfge reflect aw%g a_specular 20 surface positioned beside
the heatSng array for & &aRkdiongchanbeirsgiredt ard ks fiapdirecedNinor ect ed

general ly tqy %quﬁcondwtdzhaaheét | fe %ﬁ%@@%ﬁ@eﬂr{goq&bﬂ%oﬁﬁéﬁgt or,
refl ector bei ng and arranged wth respect

t he secqnda e hape

to the heat %‘Fg”ﬁ%/?%ygé‘nde?ﬁﬁa‘%%%cé:ﬁrora‘aBiLgFénSJZBre%ﬁtrJé’@t| H@Stl*?%" the

m sdi r ect ed diizmabet sadi cdnoextia tfier oveating esgetdfet hassSuseapt Ghe
thereby to r%amgé}e, edge and to reduce thermal gradients across the
susceptor and the ‘' sem conductor wafer supported thereon to inhibit slip
dislocdtQ ons in the aveusgeptr ihayingiamxauter ddgeeamda gepesifilyn.

planar wafer receiving surface positioned in the reaction

chamber for supporting the semiconductor wafer during the
chemical vapor depositibn process;
a heating array positioned outside the reaction
15 chamber comprising a plurality of heat lamps and a primary
reflector for directing thermal radiation emitted by said
plurality of heat lamps toward the susceptor to heat the
semiconductor wafer and susceptor; and
a secondary edge reflector having a specular
20 surface positioned beside the heating array for recovering
misdirected thermal radiation directed generally to a side
of the heating array and away from the susceptor, the
secondary edge reflector being shaped and arranged with
respect to the heating array and the susceptor for re-
25 directing the misdirected thermal radiation to the outer
edge of the susceptor thereby to heat the edge and to
reduce thermal gradients across the susceptor and the
semiconductor wafer supported thereon to inhibit slip
dislocations in the wafer during epitaxial layer
30 deposition.
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2. A horizontal react M‘mﬂl t“ “H B,““I nclaiml wherein said plurality
of heat |¥@PS/S6pr i of tubul ar heat | anfSI/HF$SSR8d

parallel to each other” and the edge reflector extends generally parallel
to said 5 plurality of tubular heat | anps. 3. A horizonta
reactor as set forth in claim?2 whgrein the edge reflector has a
substantially planar surface. 4. A hori zontal reactor as
set forth in claim3 “ﬁehékﬂzéﬁtglpkéﬂéﬁoéuééa§ Ofo% 9998 4 | gctor
i es at an an | e of be&meen bout %err and about err ative to
t he mafeWhFES nyERdAsBLRERA1EY PRchSgkcipTRe comprises a p @rahé

hori zont al bgatubulay $Ratf Qsnbs RxaRiged paralliieivd SSich phewer anaf ace

of the edge efletor | i t an_angl e of abput 55[ err.] relatlve o the
waf er recei F‘ g%uﬁ ecgqor[ hgxgﬁgggpt%?nergff 2 1led  KOhoP7I8nt al
react or Sas péurﬁ&ntw o tlubudat heatnhémwps.t he edge reflector is afirst -

edge reflector and 3theArﬁagagsnﬁﬁitgsaceegpagsgétaféfe nﬁneéggl&eélector

positioned on an ,opposite sid eatin arra¥ rom the 1T1rst edge
reflector. Wherein the -edge hgeflsrter r}é%%t(ﬁf gebstantipldyi nPERBRH 6
wherein theshegaceg array is a first heating array and the react or

further conprises a s con eating. atra sitioned oui side t he re action
chanber on an opposi t g B Fl?ﬁgtgi Fé&EESF fFPoRFE h£°¥'ﬁ:$s{'nh‘é§a??'ﬂg array,
the second whatreng salfdarg]apaxorqu:dﬁaiaegci pihe adddey nsﬁflmttota]gpesaa_ad a
primary ef, 0 I ] S
plurality ofahh ?i% ot B%t(:)gv%%tgcg‘%e susce%or a?)%%egtg t%gig{:gggeﬁ?cgh uct or
waf er and sWa&ept 613C31V1n9 surface @f Ahﬁoﬁuﬁé"ﬁpéprr eactor as set forth in

claim?7 g further C@Wprhshaﬂ]}fzbh(:ﬁlaﬂéaﬁgéﬁt Bsedsge f@&ﬁcmrélauﬁ 4f 4
postioned, oR oRgsiie Pish ol SUA SR LIPULOs Al SACN 0! sal
the second lawatamgler refy &bout SSPecmbathgemtsndltbet echfichrer ratetadlhgt i on
directed geRgL#al% of the susceptor.

6. A horizontal reactor as set forth in claim 1
wherein the edge reflector is a first edge reflector and
the reactor further comprises a second edge reflector
positioned on an opposite side of the heating array from

5 the first edge reflector.

7. A horizontal reactor as set forth in claim 6
wherein the heating array.is a first heating array and the
reactor further comprises a second heating array positioned
outside the reaction chamber on an opposite side of the

5 reactor from the first heating array, the second heating
array comprising a plurality of heat lamps and a primary
reflector for directing thermal radiation emitted by said
plurality of heat lamps toward the susceptor to heat the
semiconductor wafer and susceptor.

8. A horizontal reactor as set forth in claim 7
further comprising third and fourth edge reflectors
positioned on opposite sides of said second heating array,
each of said third and fourth reflectors having a specular

5 surface. positioned beside the second heating array for
recovering misdirected thermal radiation directed generally



\1/\? o0/ 545%2)5?8@?3333 ofH“rml mumnuumu“‘ ng array and a\IZ/aC;I/-/ 1EJ ?gﬁéﬁ%%ﬁmss

susceptor, the third and®fdurt’®h édge reflectors being shaped and
arranged with respect to the second heating 10 array and the susceptor for
re-directing the m sdirected themmal radiation to the outer edge of the
suscept or thereby to heat the edge and to reduce thermal gradients
across the soseeEicie amfi the senpbodnhesttimgvederay and away fromd.tHe
heating arr e i onki:nat i Wi or | a or
deposi ting %ﬁsé§?F§§Va|&f%y§§‘1%? 2Ha afélé%%or??t%t o?é\%gkgk'o;ﬁgl ?%{ln%
suscept or | shepedr engd orrrangedumind arespertaltovape Gegonid ikerpingess,

the hegpi NJarpadl BRA GUP dSddbtor for re-direlRahd AMS misdirected a

reflector for directing thernmal radjation emtted b% t he heat | anps
toward the §8€¥BRLorrALLHRRtFO the SeWFeBnRR9%r Afaf ERFCantMeeRRERY or ;
and 10 therebya toupeait tde Usdde eahdr taupEdidentHdrmd Bf fegddeénts  and

heat | anps and for gol ing tge ref lie %lor and hegt kanps i n position,
the struct uPE*PREI & anuﬁ §Bett &7 SLg] FaBEMLGPRAUCtOr WBEEF i ng i sdi rect ed
thermal radiation dirécted geasiag wrray fomude ointtensisatjidpnryithe
specul ar sugf sbel S ' | t atin
p ual #e2 1B8nd15088E oS rANAdJANHY Wid e Ashed (de dgati ng

array and suscept or irecting t sdi r ect er mal

radi ati on t 8 HEEFGRVCLORe vakeroekd t R¥r BphPUSSEREQr tife the reageohnd to

reduce ther gakiggaci eOhemBEADS vable SAesePition proagdst hereenhegpdugt or
waf er sgpported thereon to inhibit 20 slip dislocations in the wafer

during 8pit BXFa¥ FRFRF81N9:geposition. | 10. A heating array
as set forth in clainmhtat lamplerein the heat |anps are arranged in a pl ane
and the specul ar _su LS..subst.angi .plan oy 11. A
heating array as set For%&Q?ﬁcEPgi m9§8 &igg\lfvﬁé?éi ne%ﬁlémg]p"ecﬁ %Jr'a%ﬁ??ace

lies at an &hdt&egf betheeheat lampsutowsrdnghabsusceprerrforbeati et o
said plane gemiedhductor wafer and susceptor; and

10 a support structure for supporting the reflector
and heat lamps and for holding the reflector and heat lawps
in position, the structure including a specular surface for
recovering misdirected thermal radiation directed generally
away from the susceptor, the specular surface being shaped

15 and arranged with respect to the heating array and the
susceptor for re-directing the misdirected thermal
radiation to an edge of the susceptor thereby to heat the
edge and to reduce thermal gradients across the susceptor
and the semiconductor wafer supported thereon to inhibit

20 slip dislocations in the wafer during epitaxial layer
deposition.

10. A heating array as set forth in claim 9
wherein the heat lamps are arranged in a plane and the
gspecular surface is substantially planar.

11. A heating array as set forth in claim 10
wherein the specular surface lies at an angle of between
about 40° and about 80° relative to said plane of heat
lamps.
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lies at an angle of about 55[err] relative to said plane of heat |anps.
13. A heating assenbly for use in conbination with a horizontal reactor
for depositing an epitaxial |ayer 1N a sem conductor wafer held by a
susceptor in the reactor during a chem cal vapor deposition process,

the assenb}y 5 Conpabsingh heating arﬁaﬂqdkfgﬁﬁ f?ﬁ@h gn i%aim 11 a
primary re L PQSiti acent the,heat r_directing

t her mal radﬁ%%#%ﬁneﬁit gﬁggglsgésﬁag?ce ile?aﬁ% ??w%ﬁ%i?ﬁ%g§ﬂ§§é t J]to
heat the semiedatdost o wafidr plénecapd bestepawps.and a
secondary reflector hg4 ng r |ty %mgﬁ; t he
primary reflector for.recodgrﬁﬁﬁeyﬁe %?géﬁéggpgart%%%nﬁf?pg I a |%%E%%1tted
by the prin¥#idfh 2 hpgipeptal ZRACERF dardegesdtinpyanwenitashrl nkayer

susceptor, bh a bbRiteacudesy walser edledpa BeksbEpebaPed eRd Adda@ed W th
respect to the.heatlngﬁgrr%%hand thed§uscegtor for re- h dlregégfg t he
m sdi r ect ed FFdAal2 r GRFRIFSh YRPPhedePOSiLiop prgress, the asse 4. A
heatingSarr&Pm@riaﬂngxwth.in claim13 wherein the secondary edge
reflector is at Ieastap%k%kahgmp; behi nd a specul ar surface of the

primary refl ector. . L
a primary reflector positioned adjacent the heat

lamp for directing thermal radiation emitted by the heat
lamp toward the susceptor to heat the semiconductor wafer
10 and susceptor; and | |
a secondary reflector having a specular surface
positioned adjacent the primary reflector for recovering
misdirected thermal radiation emitted by the primary
reflector and directed generally aWay from the susceptor,
15 the secondary edge reflector being shaped and arranged with
' respect to the heating array and the susceptor for re-
directing the misdirected thermal radiation to the
susceptor.
14. A heating array as set forth in claim 13
wherein the secondary edge reflector is at least partially
behind a specular surface of the primary reflector.



