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often formed by chemical vapor deposition (CVD). The CVD process deposits a
material on a surface of a substrate by transport and reaction of certain gaseous
precursors on the surface. CVD reactors come in many forms. Low pressure CVD
systems (LPCVD) and atmospheric pressure CVD systems (APCVD) operate on

20 thermal CVD principles. Plasma may be employed to assist decomposition of
chemicals for reaction in plasma enhanced CVD systems (PECVD), and in high density
plasma (HDP) systems.

Since CVD deposits the components of the precursor chemicals, it is important
to minimize contaminants in the CVD reactor environment because such contaminants

25 may become deposited in the film. Contaminants in the film damage the function of
the devices on the wafer and reduce the device yields. Metal contamination is
especially detrimental on silicon wafers because the metal impurities can alter the
properties of the wafer and devices after thermal processing and affect gate oxides.

Contaminants can arise from many sources. In addition to the presence of

30 impurities in the precursor chemicals, contaminants can arise from the CVD systems
themselves. During semiconductor processing metal atom contaminants may arise from
some of the metal components making up the processing equipment. Such
contaminants may be delivered to the semiconductor substrates where they contaminate

the substrate surfaces and/or deposit in the film.
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obj ect of the present invention to provide an inproved 25 wafer carrier.
More parti cuoatanynation and damagipg eﬁthedmcltsm;a surfase nAnadtherepmior art waferpaoier,de a
waf er

15 as described in U.S. Pat. No. 5,645,646, employs a plurality of support plates projecting
from the surface of a plate to support the wafer. This design suffers from the same
limitations, by providing surface contact with the wafer at a variety of locations.
Moreover, this design allows deposition on the backside of the wafer and thus would
not be suitable for backseal applications. It is desirable to provide a wafer support than

20 minimizes surface contact with the substrate and is also capable of preventing

deposition on the backside of the wafer.

OBJECTS AND SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention to provide an improved
25 wafer carrier.

More particularly, it is an object of the present invention to provide a wafer
carrier that minimizes surface contact with a substrate thereby minimizing metal
contamination and surface damage to the backside of a substrate.

It is a further object of the present invention to provide a wafer carrier that

30 prevents deposition on the backside of a substrate.
A related object of the present invention is to provide a wafer carrier that

promotes uniform deposition on the topside of a substrate.
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FIG. 1 is a partial schematic view, partially in cross-section, of a chemical vapor

15 deposition (CVD) system apparatus which may be employed with the present invention
in accordance with one embodiment.
FIG. 2 is a top view of a wafer carrier in accordance with one embodiment of
the present invention.
FIG. 3 is a cross-sectional side view of a portion of the wafer carrier in
20 accordance with the present invention.
FIG. 4 is an enlarged cross-sectional side view of a portion of the wafer carrier

showing placement of a wafer in accordance with the present invention

DETAILED DESCRIPTION OF THE INVENTION
25 Turning to the drawings, wherein like components are designated by like
reference numerals, FIG. 1 shows a schematic representation of an apparatus that can
employ the wafer carrier of the present invention. FIG. 1 depicts a chemical vapor
deposition (CVD) system 10 which generally includes a CVD reactor 20 and a gas
delivery system 15 having conduits for delivery of gases to the reactor 20. CVD reactor
30 20 is shown as a conveyorized atmospheric pressure CVD (APCVD) type reactor,
which is more fully descried in U.S. Patent No. 4,834,020 and 1is herein incorporated
by reference. It is important to note that although an APCVD reactor is shown, the
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the substrat t%eisﬁbsgcl'a?ec %g , iit ?s itrr?peortv}algtf t%rat t %r\{/ait & su%ggrt tcheure the substrate without
contaminating and/or damaging the surfaces of the substrate. The present invention
promotes the reduction of contaminates and physical damage on the surface of the
substrate by supporting the substrate at its peripheral edge. According to one
20 embodiment of the present invention, the substrate is placed in the wafer carrier and the
wafer carrier is placed on the conveyor belt 34, which is then delivered to through the
deposition chamber 33. In this particular example, a conveyorized type CVD reactor
is shown. It should be understood, that a single wafer system where a single wafer is
moved in and out of a single reactor chamber, may also be employed with the wafer
25 carrier of the present invention.
The wafer carrier is shown in more detail with reference to FIGS. 2 and 3. The
wafer carrier 40 comprises a circular plate 42 having a flat edge region 44 extending
around the circumference of the plate 42, and a circular recessed center region 45. The
recessed center region 45 comprises a recessed bottom surface 46 and an upwardly
30 inclined surface 48 around the periphery of the recessed bottom surface 46. The edge

region 49 of the recessed center 45 is perpendicular to the plane of the recessed bottom

surface 46. Preferably, although it is not necessary, at least one opening 50 is provided
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contacts a portion of the upwardly inclined surface 48, the top surface of the wafer is
substantially flush with the flat edge surface 44 of the wafer carrier. This enhances
deposition on the wafer by addressing what is known as the “edge effect.” The edge
20 effect is a phenomenon where the edge of the wafer creates disturbances in gas flow
and/or temperature uniformity which reduce the uniformity of the deposited film. The
edge effect is further minimized by the wafer carrier of the present invention, by
effectively extending the edge of the wafer by the flat edge region 44. The edge effect
now takes place over the flat edge region 44, leaving uniform deposition to occur along
25 the entire surface of the wafer.

Of particular advantage, as shown in Fig. 4 the wafer contacts the wafer support
only along the periphery of the wafer edge 50 where the wafer is supported by the
inclined surface 48 of the recessed center 45. The point, or line contact, minimizes
contact with the wafer in contrast to the surface contact made in the prior art carriers.

30 By minimizing the surface contact, the present invention, the potential for surface
damage and metal contamination is substantially reduced. Of further advantage, the

prevent invention substantially eliminates the occurrence of deposition on the backside
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around its perimeter. Preferably, the upwardly inclined surface 48 is inclined at an
angle in the range of approximately 5 to 45 degrees to the plane of the bottom recessed
surface 46, with an angle of approximately 10 degrees being the most preferred.

20 To maintain the desirable line or point contact with the peripheral edge of the
wafer and to provide secure support of the wafer, the thermal expansion of the wafer
carrier is considered. Preferably, little thermal expansion occurs during the process so
that the desired angle of the incline is preserved. Specifically, the wafer carrier is
comprised of a material having a coefficient of thermal expansion in the range of

25 2.6x10°%/°C to 5x10°/°C, with the lower values preferred. Materials with suitable
coefficients of thermal expansion include silicon and silicon carbide.

Supporting the wafer by a portion of the upwardly tapered edge region 48 allows
the wafer to be spaced apart from the bottom surface 46 of the circular center recessed
region 45. The present invention provides for spacing the wafer from contact with the

30 wafer carrier, thereby minimizing surface damage and metal contamination to the wafer,
but while maintaining heat transfer to the wafer. To promote heat transfer to the wafer,

the thermal conductivity of the wafer carrier is considered. Preferably, the thermal
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is preferably nade of a erial . sefect ed fromistlicon car Di e, alum num
nitride, | angmimizes medl qoataydnatiohahd damageitd iheatbstrate and ds siithble Gi/batlsealon

car bi dg%al I Oa{)' .The in\éﬁ;?t ors have fqund that the, spacing between the

backsi i surdPREEAIGNS.t nEXPRERSEFS B Vithe thsoletsin Gapiss sQfe Hhes Depeft ey ention

i nportant f QfenRn¥ffd ﬁh%h@&efa?@(ﬁf?ﬁﬁigatf%?ihre fi I QepRRed B9tR Wi eSledRiaaheat

transfer must be considered. Secon | 'ecti on due
to nondetectable levers (<10° atoms/cm?).

The foregoing description of specific embodiments of the invention have been

presented for the purpose of illustration and description. They are not intended to be

20 exhaustive or to limit the invention to the precise forms disclosed, and obviously many
modifications, embodiments, and variations are possible in light of the above teaching.

It is intended that the scope of the invention be defined by the claims appended hereto

and their equivalents.



to weight, tenperature gradients and handling nust be eval uated. These
criteria are net 10 with the present invention by providing a spacing
between th i,de surface of the wafer and the bottomr rface
46 1t hat is%i(ﬁ&gﬁ??“r ange of approximately 0.15 to 0.5 nmm ﬁfﬁﬁ%‘ﬁ}g%@gl ng of
0.25 mm being the nost preferred for 300 waf ers. Thus, an inproved wafer
carrier has been provided. The wafer carfier minimzes netal contam nation
and damage to the substrate and is s%igm for backseal 15 applications.
Experinments run with the wafer carrie he present invention denonstrate
t hat the metwhaGoiamenaati on in the filnms deposited on the wafer is reduced
to nondetectable | evers (<109 atons/cnR). The foregoi ng description of
speci fi ¢ enbodi meint s %Waﬁﬁcmiﬂefﬂrisoppdﬁéwab\éﬁhatemmmm for the purpose
of illustration and descrl are not |nt ended tod be 20 .exhaustive
o to limt the | nvent iRl Plie Setech T4 e degiro updth ety el y

many nogli fi Qgﬁcu@lm@en&rﬁmgiumé sndand variations are possible in |ight of
t he above teaching. It is i nt'ended that the scope of the invention be

defined by the clafiiglapfseesserbepnireragion haging areasssed baiiom ardare ond ingudde39144

PCTI1 US99/ 02 lanOFj%vg%dgt‘xﬁ‘!:ll}‘@d sl e{rguncciI tﬁé p'gr&lheé? tﬁ% }gﬁ{gg ss&PSdo ﬁrgﬁr €ad ge

supporting a's rsing aving a

regi on extending \ﬁhieﬁ)&iﬂdletdubstrafe 1esmpp0ﬁé<eb}emp@noﬁ ofthe UpRhrilyeinciid sarfader cul ar
recessed center, region having a.recessed bottom surface and including an

upwar dl y i nAndnis FPacR apRast HPBusAd reresssd rhoprBy gurérce surky thal dbe subptigis | tsom
surface W‘E‘?g orfbdt iy Csait AR St @%ﬁeﬂ cﬁll H&f fh%g). géf}}é?%@?{hte' Bl'gstx%t the upwardly

i ncli ned sur e and 1's space apar rom sal 85560 tom surface such
that the substrate is 10 supported by said wafer carrier only around the
peri phery of the substyate. The er carrier of Ca wherein said
recessed bottom surf ace® ‘f"ﬁfef R&TICE ShpriaiBie s wherqip said @?@S%fpéqt{qyp SUERSe e d

therein for g,86&ic¥nBAsAkt [8@%he FHeuRBRAL theldBITBE eclifinEROREE ohb SuppBRSt rat e.
member to engage the substrate.
15
3. The wafer carrier of Claim 1 wherein said circular recessed center region

has a diameter of approximately 200 mm.

4. The wafer carrier of Claim 1 wherein said circular recessed center region

20 has a diameter of approximately 300 mm.

5. The wafer carrier of Claim 1 wherein said upwardly inclined surface is
inclined at an angle in the range of approximately 5 to 45 degrees to the plane of the
recessed bottom surface.

25
6. The wafer carrier of Claim 1 wherein said upwardly inclined surface is

inclined at an angle of approximately 10° to the plane of the bottom recessed surface.

7. The wafer carrier of Claim 1 wherein said wafer carrier is comprised of
30 a material having coefficient of thermal expansion in the range of 2.6X10° to
5X10°%°C.



15 3. The wafer carrier of Caim1l wherein said circular recessed center
region has a dianmeter of approxinmately 200 mm 4. The wafer carrier of

Claim1 V\ha,roedbgagﬁi d circular recessed center region 20 hapscrﬁg%!g@gq@éer of

appr oxi mat el'y mm 5. The wafer carrier of Caim1 wherei war dl y
inclined surface is inclined at an angle in the range of approximtely 5
to 45 degrees to the plane of the recesséd bottom surface. 25 6. The wafer
carrier of daiml1 wherein said upwardly inclined surface is inclined at

an angl e of appr éi matldieyvafer camicr pClam ) avhsrein spad Water ear1pTds sauprpsed it ace.
7. The waf er, fatfihi6hyvdlb thdrflatohdtiif iR 1RAfe G AT 10GR Wi | S conpri sed of
30 a materi zgl ﬂav% ngavc eg{?}g%ngﬁ@&?lﬁernal %xpansioon in the range of

2.6X10"6 to 5X10-6/C. WD 99/39144 PCTI US99/02100 -9 8. The wafer carrier

of Claim1l wherein sai.dq waf.er carrjer.i onprised of a material .having
thermal conducti vty iﬂ‘et%erfﬁﬁ’ﬁéo%&a%?t“&‘egg“ W(ﬁ?" €T GAITIGHS COPRTd @ 1 i er
of Caign 1 wheiteld ssRktdd Wahthe §RTupioPkilicsn 624BRIE! A8MiMRIN nitride, R Ealed .
selected fromthe group of silicon carbide, alum numnitride, |arge-grained
pol ycryst al Ipoherystdliimonliconcindisiliconisilicph carbide@llopi de al | oy. 10. The waf er
carrier of Caim1l wherein the wafer is spaced apart fromsaid recessed
bottom surface by a distance of approximately 0.15 to 0.5 nm 10 11. The
waf er carrier of 1Q ai nhb wifecairRr 61 Claivef fhelehh tEPRaREisaPaell apdrofdra 3hid
recessed bottom surface by a distance of approximately 0.25 nm 12. The
waf er carri égcesfed®ogprn syrt%mebsea fistaneeioff approxanagielyre bt . hana width 15 of
approxi tely 5to 25 mm 13. A reactor for depositing a |layer of material
on a substrate, conprising: a deposition chanber;

11. The wafer carrier of Claim 1 wherein the wafer is spaced apart from said

recessed bottom surface by a distance of approximately 0.25 mm.

12.  The wafer carrier of Claim 1 wherein said flat edge region has a width

15 of approximately 5 to 25 mm.

13. A reactor for depositing a layer of material on a substrate, comprising:
a deposition chamber;
a wafer carrier in the deposition chamber, the wafer carrier having a circular
20 plate with a flat edge region extending around the circumference of said plate, and a
circular recessed center region having a recessed bottom surface and an upwardly
inclined surface around the periphery of said recessed bottom surface, wherein the
substrate is supported by a portion of the upwardly inclined surface and is spaced apart
from said recessed bottom surface such that the substrate is supported by said wafer
25 carrier only around the peripheral edge of the substrate;
a gas inlet into the deposition chamber for conveying gases to the chamber; and

an exhaust system for removing gases from the chamber.

14. The method of Claim 13 wherein said reactor is a low pressure CVD

30 reactor.

15.  The method of Claim 13 wherein said reactor is a atmospheric pressure



a wafer carrier in the deposition chanber, the wafer carrier having a
circular 20 plate with a flat edge regi on extendi ng around the

ci rcunf ereggs 152id plate, and a circular recessed cent i avi ng
a recessed bo% 3m surface and an upwardly inclined surfac?@@%ﬁ@ﬁ?ﬁe_,

peri phery of said recessed bottom surfacg wherein the substrate is
supported by a portion of the upwardly i 91 ined surface and is spaced apart
fromsaid re(ggﬁsed bottom surface such that the substrate is supported by
sai d waf er 53 9%er only around the peripheral edge of the substrate; a
gas inlet into the deposition chanber for conveying gases to the chanber;
and an exhaust system for renoving gases fromthe chanber. 14. The net hod
of O aim 13 wher€itn salle methetofCliim 13 Wiereipsad sacter i€¥Plasiia enteacedCVD15. The
met hod of Cl aim 13 wherein said reactor is a atnospheric pressure WO

99/ 39144 PCTFi&9/ 02100 -10- CVD reactor. 16. The nethod of O aim 13
whereingsaid reactor is a plasma enhanced CVD reactor. 5 17. A C/D
processi ng apparatus for processing a substrate, conprising: a nuffle; at
| east one CVD chaber PaCéED pioceisimgspparatms ffér processing e aslstratee comprsingsr f or
conveyi ng gases iQ qlfﬁéali d at | east one CVD chanber 10 area; a conveyori zed
belt passing through sdid chanber area and said nuffle; and at |east one

waf er carrier pl agieidasoonsS@V chambeyaes #alindald mhfre;, moving the substrate
t hough sai d chanber area whereby the gases process a surface of the

substrate. 15 183t leabons/migstesdesennvgyiapgaseatinie seifl aCleastrane €I shanbersai d
waf er ga@rri .further conprises: a circular plate having a flat edge
regi on extendi ng around the circunference of

a conveyorized belt passing through said chamber area and said muffle; and

at least one wafer carrier placed on said conveyorized belt for moving the

substrate though said chamber area whereby the gases process a surface of the substrate.

15
18.  The CVD processing apparatus of Claim 17 wherein said wafer carrier
further comprises:
a circular plate having a flat edge region extending around the circumference of
said plate; and
20 a circular recessed center region having a recessed bottom surface and including
an upwardly inclined surface around the periphery of said recessed bottom surface,
wherein the substrate is supported by a portion of the upwardly inclined surface
and is spaced apart from said recessed bottom surface such that the substrate is
supported by said wafer carrier only around the peripheral edge of the substrate.
25
19.  The wafer carrier of Claim 18 wherein said upwardly inclined surface

is inclined at an angle of approximately 10° to the plane of the recessed bottom surface.

20.  The wafer carrier of Claim 17 wherein said wafer carrier is comprised
30 of a material having coefficient of thermal expansion in the range of 2.6X10° to
5X10°/°C.



said plate; and 20 a circul ar recessed center region having a recessed
bottom surface and including an upwardly inclined surface around the
periphery Qfp sRbfhs" €CESSed bottom surface, wherein the suﬁ&hr

supported by aﬁgortlon of the upwardly inclined surface an £&§§2@§% apart
fromsaid recessed bottom surface such that the substrate is supported by
said wafer carrier only around the perlpﬁ Tal edge of the substrate. 25 19.

The wafer carrier_of Clal 8 mherel ? ngﬁrdl clined surfac i's
inclined at an arfdre offed Pb%?ﬁﬁﬁgl m?b Va-FHesa T SATETHE CPBREESed
bot t om sur f 4G6. mafa) hl.{bﬁl rfilal %dﬁ&tﬁﬁw% tifd 3hgB c;lf74oVi’8 Ghavp&ai d vaf er
carrier is conprised 30 § mat eri1 al having coefficient of thernal
expansion in the range of 2. 6X10 6 to 5X 10- 6/ ~C. WD 99/39144

PCT/ US99/ 02100 %% 21g$The waf er rlek7 L 17 wher.ein said
carrier is conpri<ed off"% ﬁ%?aé??raq W 'f‘f&nng& WHISHEATTFAS COMmPHS he
range of 40 ¢fQ n{fe’M Hi¢sctedFom ﬁi&egr&iifcﬁfsﬂfééﬁ EdrBide, Mlurkin@nMithde Mge Stdingdai d
wafer carrier is conprised 5 material selected fromthe group of
silicon car tadecrysialling ﬁhmmartdrSllwn/SllmOg@a@F@aﬂem pol ycrystal line silicon
and silicon/silicon carbide alloy. 23. The wafer carrier of Claim17
wherein the wafer is spaced apart from said recessed bottom surface by a

di stance of appr @@ matElewied&uarti@ oI.Claiffi1 7 wherein the wafer is spaced apart from

said recessed bottom surface by a distance of approximately 0.15 to 0.5 mm.



