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BACKGROUND OF THE INVENTION Field O The Invention 10 The present

i nventi orwpaBaszs2to a wafer carrier enabling a wafer of acTfisopstsssi ze
and/ or shape to be processed in a process tool, e.g., a single wafer
epitaxial reactor, that is configured for processing a wafer of a
predeterm ned size and/or shape. Description of the Related Art 15 Single

waf er epitaxial reactors are constru R&uﬁ 1§9 % posit epitaxial
thin film materi aWWABERGARRIER FO, é@»@?@ <o, %‘Q‘ég NIt prepi i s
desired to be dep05|ted on a wafer of a different dianeter, the epitaxial
reactor system nust be di sassenbl ed and reconfigured for a wafer of a
different dianmeter. Such reconfiguration not only involves installation of
di fferent conponents to accommodate a 20 new di aneter wafer, but the tinme
involved in such reconfiguration, in cleaning the reactor and ensuring its
| eak-ti ght ness and operability after be|no open to the anbi ent atnosphere,
is time-€&onsum ng and cost | BACKGROE AGLE BYYENERON3 7842 1t woul d
therefore be a substantial advance in the art to provide a neans and net hod
for enabling a single wafer reactor to process nultiple dianmeter wafers in
an easier fashion and wth | ess cost.

Field Of The Invention

10  The present invention relates to a wafer carrier enabling a wafer of different size and/or
shape to be processed in a process tool, e.g., a single wafer epitaxial reactor, that is

configured for processing a wafer of a predetermined size and/or shape.

Description of the Related Art

15  Single wafer epitaxial reactors are constructed and operated to deposit epitaxial thin film

material, or “epi,” on a single substrate at a time.

If epi is desired to be deposited on a wafer of a different diameter, the epitaxial reactor
system must be disassembled and reconfigured for a wafer of a different diameter. Such
reconfiguration not only involves installation of different components to accommodate a
20  new diameter wafer, but the time involved in such ;econﬁguration, in cleaning the reactor
and ensuring its leak-tightness and operability after being open to the ambient atmosphere,

is time-consuming and costly.



SUMVARY OF THE | NVENTI ON 5 The present invention relates generally to a
wafer carrier for use with a process tool, e.g., an epitaxial thin film
deposi ti oworcgas27er such as a single wafer epitaxial react®CI/USn2/#i8¢2 aspect,
the present invention relates to a wafer carrier enabling a wafer of
different size and/or shape to be processed in a process tool configured
for processing a wafer of a predeterm ned size and/or shape, wherein the

waf er carrier has such redeterm'ﬂgéj si ze 10 and/ or..shape and inﬁll %f%es at
| east one rBowesld tsfos he Bsybsirptishadvanceria thetrt 1 piavidh 4/B7ans Aagh methoyf for

anot her aspect, the invention relates to a wafer carrier/wafer _arti clde
conpri si ng enabkmges singla Wafes Feagior 1o REACesSMBItPIpiamatey yades Hh?i’e‘?f‘f‘le’bffagql%an
invention relates to a process tool system conprising: (i) a process tool
i ncl udi ng avshisepsbr or wafer holder having at |east one recess therein of
a 15 first size and/or shape; (ii) at |east one wafer carrier of a size

and shape to closely fit in a recess of said sus§§§£or or wafer hol der,
said wafer carrier having a } Al d size and/or shape
differing fromsaid first size and/or shape; and 20 (iii) at |east one
waf er of a size and, shape to cl ose% fit jn the_recess, of saiq vi/aéc er.
carrier.5?2 W5 prosenbmygsiopeehiipirarratigips waler Gapie) for use With @ Praceysteol ¢t § on
relates to an epitaxial reactor system co risfjn s

epitaxial thin film deposition reactor such as a single wafer e%1tax1al reactor.

In one aspect, the present invention relates to a wafer carrier enabling a wafer of different
size and/or shape to be processed in a process tool configured for processing a wafer of a
predetermined size and/or shape, wherein the wafer carrier has such predetermined size

10  and/or shape and includes at least one recess therein having the different size and/or shape.

Tn another aspect, the invention relates to a wafer carrier/wafer article comprising a wafer

carrier of such type.

Yet another aspect of the invention relates to a process tool system, comprising:

(i) a process tool including a susceptor or wafer holder having at least one recess therein of a
15 first size and/or shape;

(ii) at least one wafer carrier of a size and shape to closely fit in a recess of said susceptor

or wafer holder, said wafer carrier having a recess therein of a second size and/or shape

differing from said first size and/or shape;

and

20  (iii) at least one wafer of a size and shape to closely fit in the recess of said wafer

carrier.



(i) an epitaxial reactor conprising a susceptor having at |east one recess
therein of a first size and/or shape; (ii) at least one wafer carrier of a
si ze and whapestez cl osely fit in a recess of said 5 susceprarspzsamiz wafer
carrier having a recess therein of a second size and/or shape differing
fromsaid first size and/or shape; and (iii) at least one wafer of a size
and shape to closely fit in the recess of said Wﬁfgr fcarrler._lo Yet f
anot her aspe f_the invention relates to.a nmethod of processing a wafer
in an epi tgxlfg%‘fl%ef %Sgﬁ(it(?? ﬁﬁeﬁ‘&‘feﬁg‘?nrfﬁ{a S QACBHEEH TFRSAT AYtean.ceedEng  her ei n of
different size and/or shape than the wafer. Such nethod conprises:

providing a waf er(i)car ah epitdréal redagtof ¢dmpishigZesusiRptod RaREy 4t0eael QRQbMsd théreinn t he
recess of the susceptor, and (ii) one or nore recesses therein with a size

and shape acconmodat i ofja fitsosiee anlifor thdpe;posi ti oni ng of the wafer(s) therein;
positioning the wafer(s) in the wafer carrier recess to forma wafer

carrier/wafer arfdic| eat le@shd weet SeridrE aWab @hd SRPE kLEIOMRS Gl in Ahddesd & shid t he
susceptor recess in the epitaxial reactor; and processi'ng the wafer in the

epi taxi al5 reactor to g@téptorObid Vafek 8AHtr PRSEREGORANGE 8F o s&ﬁ%%ﬁé&%ﬁ&?&”g
operation thereon. 20 O her aspects, features and enbodi nents of the

invention will be nor g, yhifﬁéﬁﬁ%ﬂ&h%ﬁhffrétgfzbaﬁci?@rsﬁ%yéﬂag di scl osure and
appended clainms. 3 WD 03/ 052792 PCT/ US02/ 37842

(i)  at least one wafer of a size and shape to closely fit in the recess of said wafer

carrier.

10 Yet another aspect of the invention relates to a method of processing a wafer in an epitaxial
reactor including a susceptor having a recess therein of different size and/or shape than the

wafer. Such method comprises:

providing a wafer carrier having (i) a size and shape to closely fit in the recess of the
susceptor, and (ii) one or more recesses therein with a size and shape accommodating close-

15 fit positioning of the wafer(s) therein;
positioning the wafer(s) in the wafer carrier recess to form a wafer carrier/wafer article;
positioning the wafer carrier/wafer article in the susceptor recess in the epitaxial reactor; and

processing the wafer in the epitaxial reactor to carry out at least one semiconductor

manufacturing operation thereon.

20 Other aspects, features and embodiments of the invention will be more fully apparent from

the ensuing disclosure and appended claims.



BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a sectional elevation view of
a single wafer reactor in which a wafer carrier according to one

enbodi mrerwvO®B/052782 i nvention is reposed in a recess of a seSTAsODS7SADUNt ed
in the reactor, imediately after the wafer carrier is released by a
robotic wafer transfer 5 device. Figure 2 is a perspective view of the
waf er carri;ar of Figure 1. Figure 3 is a perspective exploded view of a
susceptor of a nulti-waf ey e I waf er carriers
reposed in one of the re?@?@éy@}mg&m&m er reposed in
the wafer carrier. 10 Figure 4 is a sectional elevation view of a
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reposed :n I mourt ece i noa reac ure

sectional el evation f
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ted t 6 f.b
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Angstrons, for a 100 nmdi aneter wafer grown using a wafer carrier in
accor danée I t he present invention, and a correspondi ng 150 nm di anet er
wafer grown directly in the reactor (vm'thout the use of said wafer

carrier). DETAI LED DESCRI.PTI.ON THE | NVENT. ND PREFERRED 20
EMBODI MENTS® HPfe Pﬁ“%%%)"ﬁ%’é’ BEHFUBEEY fjﬁ‘i?lﬁ f

Figure 3 is a perspective exploded view of a susceptor of a multi-wafer reactor, one of the
multiple wafer carriers reposed in one of the recesses of the susceptor, and a wafer reposed

in the wafer carrier.

10  Figure 4 is a sectional elevation view of a pedestaled wafer carrier according to one

embodiment of the invention, reposed in a recess of a susceptor mounted in a reactor.

Figure 5 is a sectional elevation view of a multi-recess wafer carrier according to another

embodiment of the invention, reposed in a recess of a susceptor mounted in a reactor.

Figure 6 is a graph of boron concentration and germanium concentration, as a function of
15  depth in the wafer, in Angstroms, for a 100 mm diameter wafer grown using a wafer carrier
in accordance with the present invention, and a corresponding 150 mm diameter wafer

grown directly in the reactor (without the use of said wafer carrier).

DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED

20 EMBODIMENTS THEREOF




The present invention relates to a wafer carrier that is usefully enpl oyed
with a process tool, e.g., an epitaxial thin filmdeposition reactor such
as a singwe owafmp2 epi taxi al reactor enployed in the nmanufPattuspz3si2

sem conductor devices and nmaterials. In a specific application, the wafer
carrier of the present invention enables the use in 5 epitaxial thin film
deposition reactors, e.g., single wafer reactors, of differently sized

waf ers than those for vvhr h the reactor is .con u arran The
waf er carri &he Besephiavention (i'ﬁ‘tﬁfhto& '°§‘E‘§r a%???%@% F‘}Picrye@gg‘b mceg%jd
recess holding a wafer. The fer..in preferred practice

close-fit t®s:He spdaals thin dilpdaposition r%tloérsuﬂ’a?g BeSI?gé%dYaif‘if ?pﬁg’gelt gaa?rnt 0
and readily withdrawn fromthe recess g W t q of 10 only 0.25-2
mm bet ween ?lﬁblozqdd@t@d’@@“wt‘?%sﬂﬁr‘;@?d“éwa §iges & atS‘ a?‘he recess in which
the wafer is reposed. In one embodinent, the wafer carrier of the

i nvention conprises a general anar, , referab ular shape
The wafer cHr pjsepetha &ppiic ‘i‘%éji‘eer")o h G 8%1?53‘%661’1t é‘h‘g‘?né% %hu?f?ensr ons
that permt it to be reposed in the rece ﬁ usce(g)tlmgtrf q the spftaxr al
react or, 5 15eRitagial thip Gy depesifian BACIPIS A4 of N8 W"f‘f‘?r TRATTRI SR ST PAELY i s
used. The body of the wafer carrier in turn has a recess therein. This

vaf er body e dwse fos whirhikarepdorinsastrusindand arrangedt er ably in a di mensional |y
close-fit manner, a wafer of smaller size than a wafer sized to

directly reposed di mrensional ly close-fit ner, int scept or
recess of t%be Waf%P@'ﬁ‘éfrﬁf t%g)ae@rgg(gglapgqesp@qnhgargﬁ l{(’ga ?‘ﬁ‘f‘% RIS Ol% n an
alternative enbodi nent, the wafer carrier ]Fave Iar er di arre er, t han
the recess mafert e ggfar %B@Weﬁ@r@ﬁﬁ’é&‘%?nﬂw 3h°183 "E?&?f@sstoa at the, ot

fits into the recess of the susceptor
wafer may be readily inserted into and readily withdrawn from the recess, e.g., with a gap of

10 only 0.25-2 mm between the side edge of the wafer and the edge of the recess in which the

wafer is reposed.

In one embodiment, the wafer carrier of the invention comprises a generally planar body,
preferably of circular shape. The wafer carrier has a diameter and thickness of any suitable
dimensions that permit it to be reposed in the recess of a susceptor in the epitaxial reactor,
15 e.g., a single wafer reactor, with which the wafer carrier is used. The body of the wafer
carrier in turn has a recess therein. This wafer body recess is shaped to hold therein,
preferably in a dimensionally close-fit manner, a wafer of smaller size than a wafer sized to
be directly reposed, e.g., in dimensionally close-fit manner, in the susceptor recess of the

aforementioned susceptor in the epitaxial reactor.

20 In an alternative embodiment, the wafer carrier may have a larger diameter than the recess in
the corresponding susceptor, with a short “pedestal” that fits into the recess of the susceptor.
In such embodiment, a wafer diameter larger than that of the recess in the corresponding

susceptor may be processed.



In such enbodi nent, a wafer dianmeter |arger than that of the recess in the
correspondi ng susceptor nmay be processed. 5 WO 03/052792 PCT/ US02/ 37842
Al t hough wegs/stserl herein primarily with reference to suseeptusos37senf er
carriers and wafers of circular/cylindrical character, having generally
di sk-l1ike form it wll be recognized that the invention is not thus
limted, but extends to and includes other geonetric fornms, shapes and

i h.of,.th tor, fer carrier and wafer el enments
Chat Care. 5 gRuuef B et BHRETE A BhE wiBthabts Rakrpies nd veion

| t ti tries,.includ uare and rectangul ar, geonetries, oval and
ol ongate gechetPraly gl Stioln 0B ety bk ik regari

[ I in,character. | ne. odinent, the wafer is close-fit in the
ecoss of a UEFaPRERAT pel By s Rt ng PR degmcr amsusbeept o

f the epitaxi,al reactor, so that the wafer carrier has the general size
20 ang d?lrrer‘?élflocﬁgi:oﬁrpa%?n&/af#eetad% R then serpiry waker gamsigr wnd Wafeﬁ@lﬁémtﬁe. ﬁbﬂ‘grreof

th itaxial reactor. The wafer carrier may be formed of any suitable

mater | al Jof BBRETFURY PORpatiBlegwith (qne; %Wer-cﬁgqam@,s ofi uck gifernglier geometries
graphite, bargn nitride, alum num oxide, alumnumnitride, silicon carbide
on graphi t e, "¢defiuaFR @AY grdaneslsr geampiriess, ovgl 4ad yelengetsopeomesiigshietce, Thadi um

hosphi de, galljum antinonide, galliumarsenide and Il1-V nitrides. 15 The
\R/af eP carri %FSOHI&S?T@@OWW@HWG rgguda ek irppguler ingharegterc onst ruct i on as the waf er
itself, e.g., silicon carbide, silicon, quartz, graphite, boron nitride,

al um num oxi.de, alum.numnitride, titaniumcarbide, glassy carbon,
sapphire, imaPHeH Fiitale wahr i§ clesedHtin Msriresss ofgawpferigarrier that is close-fit in

the recess of a susceptor of the epitaxial reactor, so that the wafer carrier has the general size

10 and dimensions of a wafer that normally is used with the susceptor of the epitaxial reactor.

The wafer carrier may be formed of any suitable material of construction, e.g., silicon
carbide, silicon, quartz, graphite, boron nitride, aluminum oxide, aluminum nitride, silicon
carbide on graphite, titanium carbide on graphite, glassy carbon, sapphire, indium

phosphide, gallium antimonide, gallium arsenide and III-V nitrides.

15 The wafer carrier may be formed of a same material of construction as the wafer itself, e.g.,
silicon carbide, silicon, quartz, graphite, boron nitride, aluminum oxide, aluminum nitride,
titanium carbide, glassy carbon, sapphire, indium phosphide, gallium antimonide, gallium

arsenide and I1I-V nitrides.

The epitaxial reactor may be of any suitable type. Preferably the epitaxial reactor is a single
20  wafer reactor, although reactors constructed and arranged for simultaneously processing a
multiplicity of substrates are also usefully employed in the broad practice of the present
invention. As used herein, the term epitaxial reactor means a reactor that is constructed and

arranged to carry out the deposition of epitaxial film materials on a substrate.



arsenide and Il1l-V nitrides. The epitaxial reactor may be of any suitable
type. Preferably the epitaxial reactor is a single 20 wafer reactor,
al t hough weagsnsn792 constructed and arranged for simnmultaneowr€iryuspr/asessi ng a
multiplicity of substrates are also usefully enployed in the broad practice
of the present invention. As used herein, the termepitaxial reactor nmeans
a reactor that is constructed and arranged to carry out the deposition of
epitaxial filmmterials on a substrate. 6 W) 03/052792 PCT/ PSOZ 37842 The
i nvent i on i AhaipeNim BsFother aglest Blatssqior the cemhibation phofn gritaxil ZHCPh,G &
reactor, e. gﬁ .. having an automatic wafer hand|i n% S steg associ at ed
therew th, Wine shaitematipowaienhgding sysiem asecialed helow o WHR ope SHERE Vilh
susceptor of the epitaxial reactor and one or nore wafer adapted to be
reposed in catesgdapiad tobe rapesagdn 8 suEanter Q,frﬂQf‘s‘)P.ltaFP]e‘F@t%ft?Pa O B EFERENt Of
the 5 wafer with the recess of the wafer carrier is close-fit in character.
The recess pdapteddo hefappsedan recess(eprafitheruafprcapigs(sh Rrpfarably thopngagsmentat the
correspondingly flat wafer can be reposed in the recess with a main bottom
face of §he wat ithithe recass efthe woler carmies if desedit in eheggtoni t h the floor of the
recess. This ensures thermal contact over the facial area with the wafer
carrier. The wafer carrier correspondingly preferably has a flat nai
bot t om f ace Thirgecess dn the vrags garaist rreierpbl h’aéélﬂagﬂm’[f &2 thatp ?Weﬁﬂ’f@dmé]é’é?tsw?%r t he
susceptor over the bottomfacial area of the wafer carrier. Qher
confi gur at i omsbameposed injthsirpests with ¢ sraindbatiopy faceolcibpalpe iy guitaskovep iy faciab,
such that the wafer and/or wafer carrier is/are supported only by its/their
edges. Wi keatwid tafleor of drerreesss.i Thistsosuresttberaiahedntast oven therfecial psa Kithyihe h
reference to a wafer carrier

wafer carrier. The wafer carrier correspondingly preferably has a flat main bottom face that

10  is reposable in direct contact with the recess in the susceptor over the bottom facial area of
the wafer carrier. Other configurations may be desirable, for example a concave recess

profile, such that the wafer and/or wafer carrier is/are supported only by its/their edges.

While the wafer carrier is shown hereinafter in one aspect with reference to a wafer carrier
having multiple recesses therein, each of the same size and geometric character, the
15  invention is not limited in such respect, and a wafer carrier having differently sized and/or
shaped recesses therein is usefully employed for wafers of corresponding respective sizes

and/or shapes.

The wafer carrier of the invention provides a means of adapting multiple wafer diameters
for processing in a specific reactor without the need to disassemble, reconfigure and

20  reconstruct the reactor.

In one embodiment, the wafer carrier has the same general physical dimensions as the wafer
(here termed "standard wafer") that is normally used in the epitaxial reactor (as determined

by the size of the recess or receiving surface of the susceptor, e.g., a 150 mm diameter),



having nultiple recesses therein, each of the same size and geonetric
character, the 15 invention is not limted in such respect, and a wafer
carrier hwoiogsapfferently sized and/or shaped recesses POEUSON3I8S2
useful ly enployed for wafers of corresponding respective sizes and/or
shapes. The wafer carrier of the invention provides a neans of adapting
mul tiple wafer di arreters for processing in a specific reactor w thout the

need to di sasse onfl ur e ruc a r . lL.h.one
embodi nent , e’i"ﬁ@%tf t@? r‘iag S ES g? ﬁ%m%‘%?%%ﬂ‘é R g &’?1 Sgn%aé W%fegbr%isgcrllls as
t he waf er here ter st andard ") .t hat se

epi t axi al ré‘ﬁh‘td&‘e‘(tége Wéfeéﬁﬂ’?féﬂma%“?l%)o eoﬁo dow{ﬁg%é%gsg ot e ef%?/(al ng
surface of the susceptor . 150 mm di 7 WO, 03/,05279

PCT/ US02/ 37840l @%}9@18% watesof Sthaler diFrier 81gr ng& é%@e%%ﬁ%sfhet% 8}22’81#3 t han
t he standard wafer. In_such enbog p V\,%lfer caﬁiler IS ma]; wg
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smal | er di aneter, mm di anet er vva{er The use of trﬂgu

carrier %na?ﬂ@@u@dé‘&%@’@?@lﬁﬂet%rﬁﬁf?fewtwg}“é ly Bo ghengs: igaeacioz 4oy Iélﬂon

epi taxial reactor 5 configured for a larger dianeter wafer, with
essentially _no change i.n re ctor configuration. fer carrjer |

sui tably fofhedalsy canss is sHfablyfpryed "Eﬁ?)g?ﬂpé‘?pnﬁt? I’&%ﬁ?ﬁ?ﬂa Bif oty %‘F%’F@& y
the material of constructiqgn satisfies the fol r]g' materi.al s sel ection
criteria: (fhemateripbeiscongruction sagetics dhs IRYeng F@Ee“f‘]é SEIFRUORNSFSH%0r nat eri al

deposited thereon or thereln (e.g., out-diffusion of inpurities fromthe

wafer carrier during ther
) it doegs not ?ntr uce 1 1>1/1 untleg to 1?1% wafer or material deposited thereon or therein

(e.g., out-diffusion of impurities from the wafer carrier during thermal cycling, by
10 mechanical contact or by subsurface ion implantation in prior or subsequent

processing);

(i) it does not introduce particles to the wafer or material deposited thereon;

N

(iii) it provides a sufficiently close thermal match to the wafer so as not to "pinch" the
wafer, and so as not to create too much space (gap) between the wafer side edge and
15 the facing side wall of the recess in the wafer carrier so that the wafer is "loose" in

the recess of the wafer carrier;

(iv) it does not compromise the epitaxial process (or other prior or subsequent wafer

processing steps);

(v) it allows acceptable transfer of heat to the wafer held in the wafer carrier recess

20 during processing in the reactor; and



10 nechani cal contact or by subsurface ion inplantation in prior or
subsequent processing); (ii) it does not introduce particles to the wafer
or materiwbodeposited thereon; (iii) it provides a suffi ciPemtusy2/gisese
thermal match to the wafer so as not to "pinch" the wafer, and so as not
to create too much space (gap) between the wafer side edge and 15 the
facing side wall of the recess in the wafer carrier so that the wafer is

"l oose" in the recess of the wafe rrier: (iv) it d no onpr.oni se
the epitaxi & pr‘tt)é’é@gts(tg? V3R SPIST Foo 06}8Fﬁesﬂg’géaﬁﬁéh?laﬁﬁa%gim‘ﬁhotgeeH%Cér)lsg]
steps); (v) it allows acceptable transfer of ~heat, to.the. wafer. held. in the
waf er carrier repgadng, daﬁwanﬁmﬂ%’eé?élﬁ%%t fhe vpfer,and epgier gﬁ\f{%d’e

03/ 052792 PCT/ US02/ 37842 (vi) it permts the wafer carrier to hold the
substrate in pl aecess fhambep e £13Rdast FORUGMEGIARIY ng, if desired,
automatic transfer of the wafer and carrier in and out of the process

chanber, using sfandard rqboti chani sns. . Th . i d
of The. sans TREEHT St ca0dRatE el (orae THEMAT SPoPgips s walg st of (e
alternatively the fer carrier can be ne of a di.ff ter al .of
construc?i oﬁf{e@i’é(ﬁléi (theswaleg CaB'feéFaé‘rl?eéﬂa‘\‘Ré’?gg&@EﬁnF Pgter r&&%ﬁl"g‘%&e Exéimples

construction include silicon carbide, silicon, quarfz, phj.re, gall
ar seni de an@f preferngd pyafrjcaist materaly oF genstpgtieningly eosél}coﬁéla‘i%?aq%rﬁlil‘f‘?@i &‘?ﬁrtz’
nitride, etc.

sapphire, gallium arsenide and III-V nitrides such as gallium nitride, gallium indium nitride,

ium

etc.

The wafer carrier can be made of a different material than the wafer, in which case the wafer
10  carrier material of construction is etch-resistant to etch media and conditions that are
employed to etch the wafer. This permits the wafer carrier to be readily cleaned by such

media and conditions, e.g., subsequent to its use.

While the invention is described pﬁmarily herein as involving the use of a wafer carrier for
wafer(s) processed in an epitaxial reactor, such usage is not the only application of the
15 invention, and the invention can be advantageously employed in other applications, e.g.,

involving other wafer handling equipment and/or or other tools.

Referring now to the drawings, Figure 1 is a sectional elevation view of a single wafer
reactor 10 in which a wafer carrier 22 according to one embodiment of the invention is
reposed in a recess 20 of a susceptor 18 mounted in the reactor, immediately after the wafer

20  carrier is released by a robotic wafer transfer device 42.

The reactor 10 includes a reactor housing comprising side walls 12 and 16 joined at their

respective lower ends to a floor member 14 to form an enclosed interior volume of the



The wafer carrier can be made of a different material than the wafer, in
which case the wafer 10 carrier material of construction is etch-resistant
to etch rwoicaosatez conditions that are enployed to' etch tha/usat/am42 This
pernmts the wafer carrier to be readily cleaned by such nedia and _
conditions, e.g., subsequent to its use. Wile the invention is described
primarily herein as involving the use of a wafer carrier for wafer(s)
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or other tools errrng now to the drawings, Figure 1 is a sectional
el evation view of a single wafer reactor 10 in which a wafer carrier 22
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is operated for epitaxial filmdeposition operation. The
reactor is deherw}se %y conducEc)lve heating or other hez?ung modality, using appropriate means and

operative methods therefor.

10 The susceptor recess 20 as shown is bounded by a floor and side surfaces of the susceptor
18. Reposed in close-fit relationship to this recess is the wafer carrier 22. The wafer carrier
22 correspondingly has a recess 24 therein. The wafer carrier recess likewise is bounded by
a floor and side surfaces of the wafer carrier. Reposed in close-fit relationship to the wafer

carrier recess 24 is a wafer 26.

15 The wafer 26 is of planar disk form, having a main top surface 30 and a main bottom
surface 32. The wafer has a peripheral edge region that may be shaped with beveled or
otherwise thinned edges to facilitate insertion of the wafer into and removal of the wafer

from the slots in an associated wafer carrier cassette (not shown in Figure 1).

The wafer carrier in Figure 1 is shown immediately after it has been inserted in the
20  susceptor recess 20 and then been released by the robotic wafer transfer device 42. The
wafer and wafer carrier are loaded together by the transfer device. Such concurrent loading
of the wafer and wafer carrier avoids having to separately load them and thereby opening the

chamber to the ambient air, and increasing the effort involved. The robotic wafer transfer

10



susceptor may be otherw se heated, e.g., by radiative heating, by RF

i nduction heating, by flow of a heat transfer fluid therethrough in

i nterior wavsaspys2 (not shown in Figure 1) or otherw se byCrarsdugisiye
heating or other heating nodality, using appropriate neans and operative
met hods therefor. 10 The susceptor recess 20 as shown i s bounded by a floor
and side surfaces of the susceptor 18. Reposed in close-fit relationship

to this recess is th fer carrier 22. The_wafer carrier, 2 .

cor r espondi BGHSP Hen 3@“’2& @%%Veﬂﬁm’taﬁ?i{?‘@fwe’ PHE W‘l‘r@rheé‘if‘? F‘E’Pedrztg ARSI Wewi se
is bounded by a floor and side surfaces of the wafer carrier.. Repgsed in
close-fit r@hffonRHEep @%Wﬁ%h’?@éﬂé@m‘&géﬁ i splestvelycxes pugtion o gifeeh PIGED, | 5
The wafer 26 is of planar disk for havi ng a in top surface 30 .and a

mai n bot t onfetetipn a@&r@z.fer vhiheafes ang, yates cyapt ﬁﬁ‘i"éf”’le&tﬁ’ﬁé ERYPERH SYHIR Yay be
shaped with beveled or otherw se thinned edges to facilitate insertion of
the waf er i Frlegsathesyhshgoarticlsf the wafer fromthe slots in an associ at ed
waf er carrier cassette (not shown in Figure 1). The wafer carrier in Figure
1 is showmn imediately after it has been inserfed in the 20 susceptor
recess 20 afdfemplvelhdisfobeticaraladrapsfet ‘%@“’F i Ee et BPehARIGH SHBPET ARP PP 42
The wafer and wafer carrier are | paded together by the t ansféar devi ce.
Such concur foel tyesadn Which die WaHer GRETCE IS SYARP Pélthectéﬂnﬁﬁeé’io‘)]aé?ipag %%R?ﬁh@r to
separately | oad them and t hereby opening the chanber to the anbient air,
and i ncr easPhapytother afipbletynesppopEaic tothePieeiss ehambgpgndior iagpia¢turing preceiip

03/ 052792 PCT/ US02/ 37842 device 42 can be of a conventional wand type,

with a wand_head 44 joined to _an_extensjon . .
The wafer in l;igure 1 1s of disk-like cyﬁndsrilcal shape, having a diameter D; and a thickness

t;. The wafer is reposed in a close-fit manner in the recess of the wafer carrier 22, with the
10  wafer carrier having a corresponding disk-like cylindrical shape in the embodiment shown,

with a diameter D, and a thickness t;.

By way of illustration, the diameter D, can for example be 150 mm and the thickness t,

0.675 mm, and the diameter D; can be 100 mm or 120 mm, with a thickness t; of 0.625 mm.

Figure 2 is a perspective view of the wafer carrier of Figure 1, wherein the same reference
15 numbers are used to identify the same elements in the respective figures. As shown, the
wafer carrier 22 has a recess 24 bounded by the recess side wall 48 and the recess floor 50,
forming a circular cylindrical cavity in the wafer carrier and thereby defining an annular
portion 52 of increased thickness t, (see Figure 1) circumscribing the recess 24. The recess

24 has a depth of t;, with reference to the thicknesses shown in Figure 1.

20 The wafer should be held snugly and frictionally in the recess of the wafer carrier, but
without binding, and the wafer handling equipment, e.g., the robotic wafer transfer device

42 shown in Figure 1, is adapted to pick up, transfer and release the wafer and the wafer

11



arm 46, wherein the wand head is arranged to selectively exert suction to
effect pickup, retention and transfer of the wafer and wafer carrier, and
to sel ectwoaBysi7ez m nate suction to release the substrat@CarniSowsms42 5
Alternatively, the robotic wafer transfer device 42 can be of a mechani cal
gripper type, or a shovel type (in which the wafer carrier is supported on
the transfer tool fromunderneath, or of any other suitable type

appropriate to the prqcess. chanber. and/ or nuf.act urin r 0Cess waf er
in Figure 1°81er a"d‘?% %—el‘i""rf@ @?qeﬁd’? ia‘l&eaTeC%Sﬁ eé?(’fﬁﬁis/ianlamgryg‘fv%ér@?ae@r ‘grnd a

thickness tl. The wafer is reposed in a close-fit manner in the recess of
the wafer c@§PRlY- 22, with the 10 wafer carrier having a correspondi ng
di sk-1i ke cylindrical shape in the enbodi ment shown, wth a dianeter D2

and a thickpess.t2. By way of il.lustration, the dj er : anpl e
be 150 mm ahf %W%‘“‘?sﬁi%ﬁlﬁee%’%f%’f cArTiey T 7Y e, tﬂ%ﬁ?ﬂnet ﬁseéhgtl”(gftrraefv &t gﬁtﬁc% élﬁ%lggqoo mm
or 120 mm wth a thickness t1 of 0.625. Figure 2. is..a per.spective view
of the waf efia@gler | diisomaisiaiiy eompat r&?ltﬁq“ﬁ%n@gr?@gffxep@gﬂ% g5 ﬁlg[ &s are
used to identify the sane elenents jn the r%s%gfqgive figures. As shown, the
waf er cafri wilizopcagseieswitla glats oF standaesd tieperpiqsy ferholdingwalerssi de wal | 48 and the

recess floor 50, formng a circular cylindrical cavity in the wafer
carrier and_thereby defining an apnul ar ortion 52 of incre t hi.ckness
t2 (see Fi glir®® aftpriatiyveembadipentfhe ﬁﬂlﬁiﬂ?ségg VEAfCT ofpier ﬁé?ae}'s‘geSIT%iyeﬁea%re%terdept h
of tlI, with reference to _the thicknesses shown i Lgure 1. .20 The fer
shoul d be hiry theniigkpess 9§ af"ﬁf"(ft‘?"gh%flul“ﬁf‘?qnﬁa{aﬁlgte?e@bg’ésgﬁf;e’ttﬁ%ﬂ%%f“%sf oé\zggeri er,
but wi thout bindin and the wafer handlin ui nt, e.g.,..the.rpbotic
waf er transP@er “éé‘?/Pg e wafer §%9W?y@¢?§'ﬁ?%tﬁc%n§’g‘“éﬁgg‘gﬁ oA ‘Y%grm' 181<eqﬁﬁ’f‘f%m
transfer and rel ease the wafer and the wafer )

diameter, to ensure compatibility with automatic wafer handling cassettes, as hereafter

10 shown in Figure 5.

Figure 3 is a perspective exploded view of a susceptor 60 of a multi-wafer reactor, one of
the multiple wafer carriers 76 reposed in one of the recesses of the susceptor, and a wafer 80

reposed in the recess of the wafer carrier.

As illustrated, the susceptor 60 is of disk-like cylindrical form, having a vertical side edge
15 64 and a flat top surface 62 (with the bottom surface being correspondingly flat in
character). The susceptor has in its top surface 62 three recesses 66, 68 and 70. It will be
appreciated that the susceptor does not have to have flat top and bottom surfaces, and that
other forms and topographies may be advantageously employed in the broad practice of the

invention.

20  Each of these recesses is sized to accommodate therein a wafer carrier 76, with only a single

wafer carrier associated with recess 70 being shown in Figure 3 for ease of description, it

12



11 WO 03/052792 PCT/ US02/ 37842 carrier (having the wafer reposed in the
recess thereof), as a unitary wafer/wafer carrier assenbly. The thickness
of the waverozosm7pti er t2 may be the sanme as that of a waf ePCEitSh2/zmul val ent
dianeter. This maintains conpatibility with automatic wafer handling

equi pnment that 5 utilizes cassettes with slots of standard di mensions for
hol ding wafers. In an alternative enbodi ment, the thickness of the wafer

carrier t2 desi eat the t hi ckness of rewth
equi val ent é%ﬂ’t‘%tsm %n%?t 5%08 mt(g ﬁ%SpFCEWS R Saier {5 eposgble é’sr{\%;ec goefvﬂrl) t he

waf er carrlerh éﬁbte reduc% ﬁ onformto that of a wafer wi th equival ent
di aneter, tBMEHY BROL BiffFaTs WA Pg with automatic wafer handling cassettes,
afs hereafter 10 shown in Fi gure 5. Figure 3 is a perspective expl oded vi ew
of a suscep It|- react or It i pl

carriers 76&3%6V3g3é§a’irﬁr énélfm%ﬁséarcg%tessf%cgss ?g]ﬁﬁfeél%t}é%?ecg%ryeir%nﬁ C\g%&l/g er 80
reposed in

t f
60f : s of di gjsz}‘l SFI% %F?aégra ftﬁ Itl}ﬁctfai/rﬁlé\}lcggul%r v iln rfcgaih%éee %f thé ngef &%@&gzo;n d
a at t surfa 62 h the b f. b d ly fl
in char ggt é‘lrjﬁha” e%‘“’é‘li’gﬁ%l{j"f ?ﬂlﬁﬁgpﬁs‘ﬁwg% Sg{rﬂ%%grﬁ‘rlgslafg‘geségr{eﬁesgzgrIe(r:]gs)s/es gg

153'8 and 70. It will be appreciated that the susceptor does not have to have

at top and bott rf aces r for -@p}%i y be

advant ageougi vatlg@nwﬁ%wf B ?‘Rlé’a%f%kgonsrhg’ cecer” ??matﬂg‘r)rvéfe%g? %n. , Béing™
reposable therein in close-fit relationship, so that the wafer is in recess 78, and the wafer

carrier 76 is in recess 70, when the overall susceptor/wafer carrier/wafer assembly is fully

structurally engaged.

10 It will be appreciated that the respective recesses 66, 68 and 70 in Figure 3, although shown
as being of a same diameter and depth, could alternatively be provided with different
respective diameters and depths in the separate ones of the recesses, in relationship to one
another, to accommodate correspondingly different sized and shaped wafers. It will also be
appreciated that each wafer carrier 76 could contain a multiplicity of recesses to

15  accommodate a multiplicity of wafers.

Figure 4 is a sectional elevation view of a pedestaled wafer carrier 122 according to one
embodiment of the invention, reposed in a recess of a susceptor 118 mounted in a single

wafer reactor 100.

The reactor 100 includes a reactor housing comprising floor 114 and side walls 112 and 116
20 joined thereto, thereby forming an interior volume of the reactor to which vapor phase

material is introduced for contacting with the wafer 126.

13



20 Each of these recesses is sized to accommpdate therein a wafer carrier
16, with only a single wafer carrier associated with recess 70 bei ng shown
i n Fi gur ew® oBos27emase of description, it 12 WO 03/052792 PCT/USBD2788%7 842
bei ng understood that a corresponding respective wafer carrier is reposable
in each of the other susceptor recesses 66 and 68. The wafer carrier 76 in
turn has a central recess 78 therein, the recess being of circular

i ndri cal h h h
of the wafefie %@%p%?qlg%a@ﬁlxﬁ‘%att%#o 15 Bt s ot Vo S oPe
carrier th
el at onehi %fe?%%%amf sl GonSE Fvfd S B pedsd %Bo%?%gés”m%é’g%%s&%ﬁ e
therein in cl ose- flt rel ati t j ecess an
the wafer @gPRmgpat ‘7’@ S Oﬁ nllé“’&*e@%“ geé ff”\?ﬁﬁhﬁre{qﬂg\,@v& g hiewélfl ept orP Z%?r
carrier/wafer asse is fu[lémPstructurall engaged. 10 It mnll ﬁg o

appr eci at ed°RSEiEEh F%@ﬁ&@FFQ STROE SUUACHRE SIBB and 70 in Figure 3,

be. provi ded v Lh i fTeront  respactivo di ameters. s depths, | o 4 b6 qpar at
ones of thel ﬁ%@@§?§§°°WﬁmF€F§FF §W?ﬁ1@8“@g§°wgﬁﬁ P(ﬁ¥ S%kéﬁwﬁg; fﬁparate
2ppr 0! at e EHACTEAET Sk bi® € SR LI SR Lorh el h "B ITS R TR Ly

oot onal - ehebatinen o7 auens aoplueuParBtYLR e ﬁrqné?l'fylg‘ama%%aﬁﬁ?%hﬁ o one

enbodi nent of ' the invention, reposed in a recess of sceptaor 118
in a singl eperiphery of the columnar bodg)/, and an upstanding retent?on l?f) ﬂb om%one on gﬁ) unt ed

upper surface of the flange 137. The retention lip is of cylindrical form, and thereby forms
10  with the top surface of the wafer carrier a recess that is radially interior to the lip. In this

recess is disposed the wafer 126, as illustrated.

By means of the pedestaled wafer carrier shown in Figure 4, a wafer that is larger in

diameter than the susceptor recess is readily accommodated in the reactor.

Figure 5 is a sectional elevation view of a multi-recess wafer carrier 136 according to
15  another embodiment of the invention, reposed in a recess of a susceptor 134 mounted in a

reactor 130.

The reactor 130 includes the reactor housing 132 defining an interior volume in which the
susceptor 134 is mounted. The susceptor 134 has a recess therein in which is positioned the

wafer carrier 136.

20  The wafer carrier 136 is formed as shown, containing a multiplicity of recesses 138, 140 and

142, in which are mounted the wafers 146, 148 and 150, respectively. The recesses 138,

14



waf er reactor 100. The reactor 100 includes a reactor housing conprising
floor 114 and side walls 112 and 116 20 joined thereto, thereby formng an
i nterior woloawe27ef the reactor to which vapor phase natePcCalusoy3ismt r oduced
for contacting with the wafer 126. 13 WD 03/052792 PCT/ US02/ 37842 The
susceptor 118 is suitably heated to an appropriate tenperature for the
vapor contacting operati on and may contain enbedded heat transfer nmeans
or passages

flow of ;,a heat .tr uid
t her et hr oug]n‘{o aﬁﬂqgg r‘bg e@ﬁ?ﬁ)%&a? l?a%e(%ﬁ%?‘c&f’e Flaragier ‘%heret%g?rl{)eg‘&%tyur e of
t he vapor contacti n steg g The susc ins a recess in which the

c
waf er car ri Brsuaibtscssgis frerepati e 9rgf%@lera?f%n\‘/\/afer carrier 122 has a
central columar body 135. At the upper end of the columar body flange

137 extend II t d
the “peri prirgor it bR e Ryt i FEREA ”tn'a%ifx i MRS, | ¢

t d f f f
Cy1 i nari cal PREROrIPEHEE Ebgu ey 16 hiebh AT HEC s A P LA 2,

carrier a regess . that is radiall rior .t.o the lip. Inthis recess is
di sposed th%f%ﬁ)ﬁ?cé‘i’usi‘?ﬁ‘esﬁ%c WSEQ%/?I’QF%%‘O“%@VIW 95 of the pedestal ed wafer

carrier shown in Figure 4, a wafer that is larger in dianmeter than the

susceptor rgcess is r ily acc dat n the fa

sect i onal efﬁ%%ﬁ“@ﬁ’? f\?ﬁé’\% ‘H%agﬁs nYeé@%% gearer fulf agl}ol(&;enr WE%gelfefg%cgrt ing to
15 th

134a28unte;d?qrf]gevgllgrg%;\glm%{mgtQ}gﬁ{pevent| on, reposed in a recess of a susceptor

EXAMPLE

A wafer carrier was constructed of the general type shown in Figures 1 and 2 hereof. The
10  wafer carrier was constructed of silicon carbide with a recess of 100 mm diameter therein.
The overall wafer carrier diameter was 150 mm. The edges of the wafer were thinned to

allow the wafer to readily fit into the slots of a wafer carrier cassette.

Mechanical tests were conducted and the wafer carrier and 100 mm wafer were successfully
transferred into and subsequently removed from the growth chamber of the epitaxial reactor

15  (Centura reactor, commercially available from Applied Materials, Inc.).

A comparative test was then conducted of epitaxial thin film growth on wafers of 100 mm
diameter and 150 mm diameter, in which the 150 mm diameter wafer was directly inserted
into a correspondingly sized and shaped recess in the susceptor of the reactor, and in which
the 100 mm diameter wafer was processed in a 150 mm diameter wafer carrier which in turn

20  was inserted into the recess in the susceptor of the reactor.

15



reactor 130. The reactor 130 includes the reactor housing 132 defining an
interior volume in which the susceptor 134 is nmounted. The susceptor 134
has a recwes3pkpein in which is positioned the wafer caPcirasoZ3s4220 The
wafer carrier 136 is forned as shown, containing a nultiplicity of recesses
138, 140 and 142, in which are nounted the wafers 146, 148 and 150,
respectively. The recesses 138, 14 WD 03/052792 PCT/ US02/ 37842 140 and

warer” i EesE%*%‘*%SE&%@%%%%W%%%@% GifleRPE Rty S pdi e e e
cesses in the susceptor and wafer
(r:gglr iog.r Vrflsf'?r Wgtrﬁggggc 1€r%% g(?éo efan(dhgorﬁ? QPIRE Wit grseifis dopamhprofle. of any
suitable S|ze and shape/ conformation, as 5 efalchca0|ous InftPﬁ spemf;cOn
I i d. The eatur s and.advant ages o e j nven
;?g (r)rgr Zp]EJ uﬁ@%ﬁ%ﬁ%@ hoqrr% g oélrcé)ﬂceg PR A, ge%%“ﬂ‘&wcwgewgwova %atfuﬂ?j‘oé)&ﬁrrpl e.

onstruct t he ge ype shown in
Egur o5 1 anrD i SR, A RRes RS e B Pt Viass Coher bl Hrempreon
car bi de t recess of 100 di anpter therein.. The overall wafer carrier
di anet er Wwas %6 et T g’aaﬁ%(gfg]%’f:e ¥ ﬂWa‘F%SFnRABYEé‘“%|aﬂ<i1éa°1¥fe§p0n§mgd\§ﬂ>mg@ I
wafer to re%ﬂﬂﬁx fit.into tge slofs._of a wafer carrier cassette. Mechanica

tests were FE WRen SV GGty ot 1epcior. o lde 1amncsiFRtign/dopthypriodles were
successful | ¥etermined by SIMS (Secondary Ion Mass Spectrometry).

Figure 6 shows that there is no significant difference in layer thicknesses and doping and
composition values for the respective wafers. Additionally, the profiles of boron and
10 germanium are virtually identical in each wafer (no scaling was performed to force any

matching or registration of the profiles).

These results evidence the utility of the wafer carrier of the present invention as providing a
structure accommodating smaller diameter wafers without the necessity of full system

reconfiguration and/or process modification to achieve the same process results.

15

Although the invention has been variously disclosed herein with reference to illustrative
embodiments and features, it will be appreciated that the embodiments and features
20  described hereinabove are not intended to limit the invention, and that other variations,

modifications and other embodiments will suggest themselves to those of ordinary skill in

16



transferred into and subsequently renmoved fromthe growth chanber of the
epitaxial reactor 15 (Centura reactor, comrercially available from Applied
Mat er i al swolao5)792 A conmpar ative test was then conducted ofPCefispaxisal t hin
filmgrowh on wafers of 100 nm dianeter and 150 nm di aneter, in which the
150 mm di aneter wafer was directly inserted into a correspondingly sized
and shaped recess in the susceptor of the reactor, and in which the 100 mm
di anmet er maf%r was,_processed in_a 150 nmdi ameter wafer carrier which in
turn 20 was™f ier (Y TVEREPY therefose it bs, bropdly sqeasipist.opongistentwith dlg eleims 15
WO 03/ 05279 B%ééUSO§A£7842 The test structure was a silicon germani um

(Si Ge) HBT t1& S¥h tructure including a SiGe layer with a specific
graded profile and boron doping with a specific dopant profile. Figure 6 is
a graph of boron concentration and gernmani um concentration, as a function
of depth in the wafer, in Angstrons, for the two wafers, viz., a 100 mm

di aneter wafer growmn 5 using a wafer carrier in accordance wth the
present invention, and a correspondi ng 150 mm di aneter wafer grown directly
in the reactor. The concentration/depth profiles were determ ned by SINMS
(Secondary lon Mass Spectronetry). Figure 6 shows that there is no
significant difference in |ayer thicknesses and doping and conposition

val ues for the respective wafers. Additionally, the profiles of boron and
10 germaniumare virtually identical in each wafer (no scaling was
performed to force any matching or registration of the profiles). These
results evidence the utility of the wafer carrier of the present invention
as providing a

17



structure acconmmodating snmaller dianeter wafers w thout the necessity of
full system reconfiguration and/or process nodification to achieve the
sanme procwedsnesatts. 15 Although the invention has been Pamiusoybig42

di scl osed herein with reference to illustrative enbodinents and features,
it wll be appreciated that the enbodi nrents and features 20 described
her ei nabove are not intended to limt the invention, and that other

vari ations, nodifications and other enbodi nents will suggest thenselves to
t hose of ordinary skill in 16 WO O03HISCYAIMBCT/ US02/ 37842 the art. The
invention therefore is to be broadly construed, consistent wth the clains
hereafter set forth. 17 WO 03/ 052792 PCT/ US02/ 37842 THE CLAI M5 What |Is
Claimed Is: 5 1. Awafer carrier enabling a wafer of different size and/or
shape to be _processed in a process tool configured for processing a wafer
of a predet&&ﬁﬁh@%&%%l—s'and/ or shape, wherein the wafer carrier has said
predeterm ned size and/or shape and includes at |east one recess therein
having said different size and/or shape. 10 2. The wafer carri er of claim
1, wherein said different size and/gr shaedlffe 51

predet er fri néd si &evafeigenier epaRpRe a Wil o5 g QHQ%‘Z%FFQZ%TSS ape to epmcessed ma

process tool configured for processing a wafer of a predetermined size and/or shape,

wherein the wafer carrier has said predetermined size and/or shape and includes at

least one recess therein having said different size and/or shape.

10 2. The wafer carrier of claim 1, wherein said different size and/or shape differs from

said predetermined size and/or shape, in respective shapes.

3. The wafer carrier of claim 1, wherein said different size and/or shape differs from

said predetermined size and/or shape, in respective sizes.

15
4, The wafer carrier of claim 1, having a wafer in a recess therein, in close-fit
relationship to the recess.
5. The wafer carrier of claim 4, wherein each of the wafer carrier and said recess
20 therein has a cylindrical shape.
6. The wafer carrier of claim 5, wherein said wafer carrier has an outer diameter on the

order of 150 mm, and the wafer and wafer recess have a diameter on the order of 100

mm.

18



3. The wafer carrier of claiml, wherein said different size and/or shape
differs from said predeterm ned size and/or shape, in respective sizes. 15
4. The wawerosposa7et er of claim 1, having a wafer in a rece®PETUSeY/&i8m i n
close-fit relationship to the recess. 5. The wafer carrier of claim4,
wherein each of the wafer carrier and said recess 20 therein has a
cylindrical shape. 6. The wafer carrier of claim5, wherein said wafer
carrier has an outer dianeter on the order of 150 nm and the wafer and
waf er recess have a dianeter on the order of 100 mm 18 V\D 03/ 052792

PCT/ US02/ 37842 7. The wafer rri r of .c wher ei n waf er rrler
has an outef- di aﬂi?tvéﬁferd%‘}n}eﬁéga Wh&fenﬁﬁﬁfl Wﬁ% %?ﬁ‘aerthﬁ%a %laélhe(‘fr Oﬁe vvafer
recess have a di aneter on the der of . . 100.nm 5 fer carr of
claim5, wherei rerdeio§ 20} ma aﬁ‘éﬁ}ﬁ“@ erﬁ%%ﬂ’ﬁﬁva&ﬁtr%’t‘essd}a&%?‘é?im%ﬁoﬁWSOr SF Qer of
200 mMm and the wafer and the wafer recess have a dianeter on the order of
150 nm 10 9. ThO@Per carrier of claim5, wherein said wafer carrier has
an outer dianeter on the order of 150 mm and the wafer and the wafer
recess have a dianmeter on the order of

3. The wafer carrier of claim 5, wherein said wafer carrier has an outer diameter on the
order of 200 mm, and the wafer and the wafer recess have a diameter on the order of

[

150 mm.
10 9. The wafer carrier of claim 5, wherein said wafer carrier has an outer diameter on the
order of 150 mm, and the wafer and the wafer recess have a diameter on the order of

125 mm.

10.  The wafer carrier of claim 1, having a generally planar body.

15
11.  The wafer carrier of claim 1, having a circular shape.
12. The wafer carrier of claim 1, wherein the recess has a flat floor, whereby a
correspondingly flat wafer can be reposed in the recess with a main bottom face of
20 the wafer in contact over its facial area with the floor of the recess.

13.  The wafer carrier of claim 1, having a flat bottom face that is reposable in direct

contact with a recess in a susceptor over the bottom facial area of the wafer carrier.

19



125 mm 10. The wafer carrier of claim1, having a generally planar body.
15 11. The wafer carrier of claiml1, having a circular shape. 12. The wafer
carrier ovooBabawd, wherein the recess has a flat floor, ROEUSbY3I®42
correspondingly flat wafer can be reposed in the recess with a main bottom
face of 20 the wafer in contact over its facial area with the floor of the
recess. 13. The wafer carrier of claiml, having a flat bottomface that is

reposable in,diregt contact w a recess in_a susceptor over the bottom
facial area %‘E ¢ i PBF emer i‘élr&amid’\&}“eﬁﬁ/ 06527 spmimmarvineten avag7 gmgteriad . ofthe

wafer carrier of claim.1, formed of a sem conductor wafer material of
construction. 15.°O8HBUdter carrier of claim 1, forned of a nateri al
selected fromthe group consisting 5 of silicon carbide, silicon, quartz,
graphite, boron nitride, alum numoxide, alumnumnitride, silicon carbide
on graphite, titapi umcarbjde on aphite, glassy carbon, sapphire, indium
phogpthe, g Iiglﬂﬂeé’?ﬁf?rr?ﬁﬁieﬂ%f,dﬁ@%b foimed pEemaigaalspldcted frony thegrowr chesistingd 16.
The wafer_carrier of_claiml, wherein the wafer carrier is forned of a sane
material 2 of con<¥rtiliequosarhides gilifonafeartz, 1graphithe borefienitride; rileninof okide,m 16,
wherein said material of construction conprises a

aluminum nitride, silicon carbide on graphite, titanium carbide on graphite, glassy

carbon, sapphire, indium phosphide, gallium antimonide, gallium arsenide and III-V

nitrides.

10 16, The wafer carrier of claim 1, wherein the wafer carrier is formed of a same material

of construction as said wafer.

17. The wafer carrier of claim 16, wherein said material of construction comprises a
material selected from the group consisting of silicon carbide, silicon, quartz,

15 graphite, boron nitride, aluminum oxide, aluminum nitride, titanium carbide, glassy
carbon, sapphire, indium phosphide, gallium antimonide, gallium arsenide and II-V

nitrides.

18. The wafer carrier of claim 1, wherein the wafer carrier is formed of a different

20 material of construction from that of said wafer.
19. The wafer carrier of claim 18, wherein the wafer carrier is formed of a material of

construction that is etch-resistant in relation to an etch-susceptible material of

construction of the wafer, with respect to a same etchant.

20



material selected fromthe group consisting of silicon carbide, silicon,
quartz, 15 graphite, boron nitride, alum num oxide, alum numnitride,
titani umwearoBioshs92 gl assy car bon, sapphire, indi um phosphi e#eT/usat/bisym
antinonide, galliumarsenide and I11-V nitrides. 18. The wafer carrier of
claim1l, wherein the wafer carrier is forned of a different 20 material of
construction fromthat of said wafer. 19. The wafer carrier of claim 18,
wherein the wafer, carrier is formed of a material of construction that is
et ch-resi st &%t i A F7eSE PO8LSYSEMafP RS HBs uscepti bl e material of construction
of the wafer, with respect to a.sane etchant. 20 &?0&/052732
PCT/ US02/ 37842 zd?fofa&s%m? SLEPHERY 2 SYSCERIo Ofc}‘mﬁzﬁﬂl fighavipept gast 8ng BGFss
conprising a susceptor or wafer holder having at | east one recess therein
of a first size W%Pf%ﬂtéb%?e@@/hofét}i‘gﬁ one wafer carrier of a size and
shape to closely fit in a recess of said 5 susceptor or, wafer hol der, said
waf er carrier hadf Hgstaoneewales curgr of A sye andsshaptp slessly ﬁéﬁ’&iﬁo‘}eceéﬁé?géald
differing fromsaid first size and/or shape; and at |east one wafer of a
si ze andSshape t sussprRieigryvaiprthojder,spid was samiepaving areepss Biercanefq sspond size The
process tool systemof claim?20, wherein the process tool conprises an
epi taxial 10 reaed/orshapediffaing fpme easd Srst Hen andips shappigdcl ai m 21, including a
suscept or havi ng one recess. ‘

at least one wafer of a size and shape to closely fit in the recess of said wafer carrier.

21.  The process tool system of claim 20, wherein the process tool comprises an epitaxial
10 reactor.

22.  The process tool system of claim 21, including a susceptor having one recess.

23.  The process tool system of claim 21, including a susceptor having more than one
15  recess.

24.  The process tool system of claim 21, further comprising an automated wafer
handling device, arranged for handling of said wafer carrier and a wafer in the recess
thereof, as a unitary wafer carrier/wafer article.

20
25.  The process tool system of claim 21, wherein said first size and/or shape differ(s)

from said second size and/or shape, in respective shapes.
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23. The process tool systemof claim 21, including a susceptor having nore
than one 15 recess. 24. The process tool systemof claim2l, further
conpri si yoan/osareomat ed waf er  handl i ng devi ce, arranged fPom/usansfisung of
said wafer carrier and a wafer in the recess thereof, as a unitary wafer
carrier/wafer article. 20 25. The process tool systemof claim2l, wherein
said first size and/or shape differ(s) fromsaid second size and/or shape,
in respective_shapes. 21 WD 03/052792 PCT/ US02/ 37. 26. T roces ool
Syt em of -l G6m 24 WRES IR SR b FEE £ R BAOR [EH A WD SPE T
sai d second size gnd/or, shape, |n respectjve sizes. 27. The process tool
system of cl P%SQ@,SeWﬁ‘éF@Fﬁ“dZ%fcghaH’?fmtr eiFéPetarrier and said 5 recess
therein has a cylindrical shape. 28. The process tool system of claim 27,
wherein said wafer carrier has an outer dianeter on the order of 150 mm
and the wafer_and wafer recess have a_dianeter_on the order of, 100 mm 10
29. The procébs t b Pegest depl system of plapm 21y mbewimeashiof thgaater sariey @i w4k an
outer dianeter on the order of 200 nm and the wafer and wafer recess have
a di anet e? oFfceFdherdn fasra gyfindrivgl shape.

28.  The process tool system of claim 27, wherein said wafer carrier has an outer
diameter on the order of 150 mm, and the wafer and wafer recess have a diameter on the

order of 100 mm.

10
29.  The process tool system of claim 27, wherein said wafer carrier has an outer
diameter on the order of 200 mm, and the wafer and wafer recess have a diameter on the
order of 100 mm.

15 30. The process tool system of claim 27, wherein said wafer carrier has an outer

diameter on the order of 200 mm, and the wafer and wafer recess have a diameter on the

_order of 150 mm.
31.  The process tool system of claim 27, wherein said wafer carrier has an outer
20  diameter on the order of 150 mm, and the wafer and wafer recess have a diameter on the

order of 125 mm.

32.  The process tool system of claim 21, wherein the wafer carrier has a generally planar

body.

22



15 30. The process tool systemof claim27, wherein said wafer carrier has
an outer diameter on the order of 200 mm and the wafer and wafer recess
have a diwows®s27en the order of 150 nm 31. The process POBIUSSY318eIN Of
claim 27, wherein said wafer carrier has an outer 20 dianeter on the order
of 150 mm and the wafer and wafer recess have a dianeter on the order of
125 mm 32. The process tool systemof claim?21, wherein the wafer carrier

has a generahiy ptl%}ﬁf)ces@l‘agﬁ’systgxg ) aﬁ%ﬁp%%% mﬁ?ﬁaféﬁ@ﬂl«%ﬁé % circufir sHADE

process tool system'of clalim?21, erein er carrrer has a crrcul ar
shape. 34. The process tool systemof claim 20, wherein the wafer carrier
recess has a flat floor, and said wafer is correspondingly flat and

¢ . . ¢ fth .
contacs over it o TRmERM LG GHRR Bl 26 hoRB bf Hw‘s?ea,g%éfr 1Py @aﬁe“f«‘%&géog';‘

) ) f..claj 2 wher.ein t r carr.j,er, has a
Frat bot tom Faceai e RURTLE i MP i ropb RS Rt AR EeoB R oW e ces

over a botto rea of the . f.er car.rier, 10,.36. The process tool
syst em of 5 cl gc%ggﬁfglv\?\ﬁ re}necloﬁgafthoé’ e‘/&és}/%?“gc?‘ﬁarwl@rtﬁ? foqrof ﬁ@d’v %?r © ‘%e%@f"ﬁs&o nduct or
wafer material of construction. 37. The process tool system of claim 20,
wherein the wafer carrier is forned of a

35.  The process tool system of claim 21, wherein the wafer carrier has a flat bottom face
that is reposed in direct contact with a susceptor recess over a bottom facial area of the
wafer carrier.

10
36.  The process tool system of claim 21, wherein the wafer carrier is formed of a

semiconductor wafer material of construction.

37.  The process tool system of claim 20, wherein the wafer carrier is formed of a
15 material selected from the group consisting of silicon carbide, silicon, quartz, sapphire,

indium phosphide, gallium antimonide, gallium arsenide and ITI-V nitrides.

38.  The process tool system of claim 21, wherein the wafer carrier is formed of a same
material of construction as said wafer.

20
39.  The process tool system of claim 38, wherein said material of construction
comprises a material selected from the group consisting of silicon carbide, silicon, quartz,

graphite, boron nitride, aluminum oxide, aluminum nitride, glassy carbon, sapphire,
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15 material selected fromthe group consisting of silicon carbide, silicon,
quartz, sapphire, indium phosphide, gallium antinonide, gallium arsenide
and |11-Wwoiososxfes. 38. The process tool system of clai m 2PCI/ushes®in t he
wafer carrier is formed of a sane material of construction as said wafer.
20 39. The process tool systemof claim 38, wherein said material of
construction conprises a material selected fromthe group consisting of
silicon carhide, silkicon, .. 1 Or akii : it radd adeUmnumyoxi de,
al um num ni ?“%“8‘3} Carbigdes indititl piidSphide] & Eue“t‘ S o 5
titani um car l%ifiéie, i ndi um phosphi de, gallium antinonide, gallium arsenide
and 111-v R'tdes. 40. The process tool systemof claim 21, wherein the
wafer carrier is formed of a 5 different material of construction from
that of said wafer. 41. The process tool system of claim40, wherein the
wafer carrier is_fornmed of terial of SErHGt |

etch-resist At i ‘?gfoﬁﬁsotﬂof@'s%% 8{831-%(35%8\% bl Jfaﬁ%rr‘ké%%r %E{'gﬁ&ol sfo%%erc]ls?t}%cti on
of the wafer, with respect to a sane_.e ant. 10 42. A wafer carrier

accor di ng t6hf£qr%ﬂtmaf“aﬁ?fé?%ﬁ“ﬂc%°é‘i%‘°w8’8%‘%81 v‘faife;sf‘es a single wafer epitaxial
reactor. 43. The process tool systemof claim2l, wherein said epitaxial
reactor conprises a

41.  The process tool system of claim 40, wherein the wafer carrier is formed of a
material of construction that is etch-resistant in relation to an etch-susceptible material of
construction of the wafer, with respect to a same etchant.

10

42. A wafer carrier according to claim 1, wherein said tool comprises a single wafer

epitaxial reactor.

43.  The process tool system of claim 21, wherein said epitaxial reactor comprises a

15  single wafer epitaxial reactor.

44.  The wafer carrier of claim 1, of a pedestaled form.

45.  The wafer carrier of claim 44, comprising a single cylindrical recess of a first
20  diameter, and a columnar base with a second diameter that is smaller than said first

diameter.

46.  The process tool system of claim 21, comprising a susceptor, wherein said wafer

carrier recess is of a larger diameter than said susceptor recess.
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15 single wafer epitaxial reactor. 44. The wafer carrier of claiml1, of a
pedestal ed form 45. The wafer carrier of claim44, conprising a single
cylindricabosesdss of a first 20 dianmeter, and a col umarcChamse2/xisth a
second dianeter that is smaller than said first dianmeter. 46. The process
tool systemof claim21, conprising a susceptor, wherein said wafer
carrier recess is of a larger dianeter than said susceptor recess. 24 WO

03/ 052792 PCHf USORh3W SbLcatirier of BRiMA] &k iaec&n&iqcsﬂ Bl %fa ﬁgm@h%ﬂ Ind

cylindrical recess of a first dianeter, an a columar base w a’second
di amet er t hah chlemaarabewith B8 ofPdishnbtby Bt :OLRRE Bn sik er carrier of
claim1, wherein said predet e?n‘i nled Si zeI?s 'arge?sat‘ﬁgrr?{r@g?%ﬁ di fferent
size. 49. The wafer carrier of claim1, wherein said predeterm ned size is
smal l er than said different size. 10 50. The wafer carrier of claima1,

havi ng an oujgr epgewof: rsansr LbLe aS jckness .of. a wafer having
a sane dianmeter as the {Ng?er caérlgilkne?’%g%lg‘lsﬁfg %?%geg&neﬁgg]e lgkgeéﬁﬁ%‘f % aim
20, incl ugli ngiﬁ%reﬁysagegptor having one recess. 15 52. The process tool system
of claim 20, 1 ncluding a susceptor having nore than one recess. 53. The
process tool systemof claim20, further conprising an autonated wafer

49.  The wafer carrier of claim 1, wherein said predetermined size is smaller than said

different size.

10 50.  The wafer carrier of claim 1, having an outer edge of a same thickness as a thickness

of a wafer having a same diameter as the wafer carrier.

51. The process tool system of claim 20, including a susceptor having one recess.

15 52.  The process tool system of claim 20, including a susceptor having more than one

recess.
53.  The process tool system of claim 20, further comprising an automated wafer
handling device, arranged for handling of said wafer carrier and a wafer in the recess
20  thereof, as a unitary wafer carrier/wafer article.
54.  The process tool system of claim 20, wherein said first size and/or shape differ(s)

from said second size and/or shape, in respective shapes.
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handl i ng device, arranged for handling of said wafer carrier and a wafer in
the recess 20 thereof, as a unitary wafer carrier/wafer article. 54. The
process twolo3sypem of claim 20, wherein said first size aod/usn2/sisape
differ(s) fromsaid second size and/or shape, in respective shapes. 25 WO
03/ 052792 PCT/ US02/ 37842 55. The process tool system of claim 20, wherein
said first size and/or shape differ(s) fromsaid second size and/or shape,

|0 respect]ug S 28 prodfhs 1Sy RER ©P SR 98, wANSHSRIHrChidl 4 AR shifh ey each

of the wafe carrle recess therein has a cylindrical shape.

57. The pro ez‘fsa% sef%n%y&zte Mltih%é%wngé%m gzre in said wafer carrier has an

outer dia e or e wafer and wafer recess have
a dianeter on the order of 100 nm 10 58. The process tool systemof claim
20, wherein sai d wafer carrier has an outer dianeter on the order of 200

o son the oce gg’goﬁ\é\%fs@élt sé'gﬁ%afsgc%]al m(go e\?é%;gteggh St S@a fer%rag%; o 530 T

15 59. The rein sal carrier has
an outer _ di anmet t he ]order 1(1)f 200 mMm and the wafer and vvafer recess
have a di%qé?@?“ﬁ?f“?ﬁ“@s%ﬂfg? 3#M2PE0 mm  60. The process tool system of
claim 20, wherein said wafer carrier has an outer

57.  The process tool system of claim 20, wherein said wafer carrier has an outer
diameter on the order of 150 mm, and the wafer and wafer recess have a diameter on the
order of 100 mm.

10
58. The process tool system of claim 20, wherein said wafer carrier has an outer
diameter on the order of 200 mm, and the wafer and wafer recess have a diameter on the

order of 100 mm.

15 59. The process tool system of claim 20, wherein said wafer carrier has an outer
diameter on the order of 200 mm, and the wafer and wafer recess have a diameter on the

order of 150 mm.

60. The process tool system of claim 20, wherein said wafer carrier has an outer
20  diameter on the order of 150 mm, and the wafer and wafer recess have a diameter on the

order of 125 mm.

61.  The process tool system of claim 20, wherein the wafer carrier has a generally planar

body.
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20 di aneter on the order of 150 nm and the wafer and wafer recess have a
di aneter on the order of 125 mm 61. The process tool system of claim 20,
wherei n twe maszp2 carrier has a generally planar body. 2@CWDSOBIBEL792
PCT/ US02/ 37842 62. The process tool system of claim?20, wherein the wafer
carrier has a circular shape. 63. The process tool system of claim 20,
wherein the wafer carrier has a flat bottomface that is reposed in direct

contact wit %2 & SHREERIQL tOE)F%’?l%I% of ¥falm g?, " fent dateRbarREARs QLird k@ shapevaf er

carrier. 64.The per%]E ess 1o system alm 20, wherein the wafer carrier
is formed of a sem conductor wafer material of construction. 10 65. The
process tool systemof claim 20, wherein the wafer carrier is fornmed of a

same maLeliR) O OBRLE MRl LRk B G0 Bhlin 1 v MRt BEGSE bORm B! em

of claim 65, a construction conprises a materi al

selected fromthe grqup consisting.of silicon rhide, sili o hU , 15
graphi te, b&HbA Fﬁpg?ﬁdg,dlrﬁ&tﬁﬁ‘{?ﬁ?ﬁggf‘cfgce%ﬁoﬂﬁglcg\%n%b’lﬁ??rb Pgéélh %ﬁ%saé% gf;t?i%on,
sapphire, titanium carbide, indium phosphide, galliumantinonide, gallium
ar seni de Sand3f9 CeN/eT-nj t ri des. 67. The process tool system of claim 20,
wherein the wafer carrier is formed of a 20 different material of
construction fromthat of said wafer.

64. The process tool system of claim 20, wherein the wafer carrier is formed of a

semiconductor wafer material of construction.

10 65. The process tool system of claim 20, wherein the wafer carrier is formed of a same

material of construction as said wafer.

66. The process tool system of claim 65, wherein said material of construction
comprises a material selected from the group consisting of silicon carbide, silicon, quartz,
15 graphite, boron nitride, aluminum oxide, aluminum nitride, glassy carbon, sapphire,
titanium carbide, indium phosphide, gallium antimonide, gallium arsenide and HI-V

nitrides.

67. The process tool system of claim 20, wherein the wafer carrier is formed of a

20  different material of construction from that of said wafer.
68.  The process tool system of claim 67, wherein the wafer carrier is formed of a

material of construction that is etch-resistant in relation to an etch-susceptible material of

construction of the wafer, with respect to a same etchant.
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68. The process tool systemof claim67, wherein the wafer carrier is
formed of a material of construction that is etch-resistant in relation to
an etch-swedepsi’ht e material of construction of the wafePCTUSON3T8¢spect to
a sane etchant. 27 WD 03/ 052792 PCT/ US02/ 37842 69. A nethod of processing a
wafer in a process tool including a susceptor or wafer holder having a
recess therein of different size and/or shape than the wafer, said nethod

conprising: Boproxifliiheh & mgéﬁgmg A& innAYoBds (t(’)(%l 1ﬁ‘cl ﬁa %ﬁ'& apstgra?r W%fgr

closely fit in the recess the” susceptot or

recess ther ehid faind Stebss %‘ijelﬁ B?H ferdht gﬁ@‘l}?&&t %] e & 8 Scffe I}V'a%er RER! h R N9
of the wafer therein; positioning the wafer 1n the carrIrer recess to
forma Waferc Ak t ] waf er article; 10 positioning the waf er carrier/wafer
article in the susceptor or wafer holder recess in the process tool; and
processing the wafer in the process tool to carry out at |east one

sem conductor 15 manufacturing operation thereon. 70. The nethod of claim

69, W_he_r € n sal d g\ﬂ%h(f\lg tr%rmrgr?}gag/fg}ag tgl%rsﬁz%%ng Ef?ariag Eo cﬁosely hotn}l) the recess of the

deposition of an

susceptor or wafer holder, and (ii) a recess therein with a size and shape

accommodating close-fit positioning of the wafer therein;

positioning the wafer in the wafer carrier recess to form a wafer carrier/wafer article;

10
positioning the wafer carrier/wafer article in the susceptor or wafer holder recess in
the process tool; and
processing the wafer in the process tool to carry out at least one semiconductor
15 manufacturing operation thereon.

70.  The method of claim 69, wherein said semiconductor manufacturing operation

comprises deposition of an epitaxial film material.
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