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SELF ALIGNING NON CONTACT SHADOW RING PROCESS KIT
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BACKGROUND OF THRINVENTION HIIIII T
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The present invention relates to an improved susceptor ‘which inhibits the

deposition of process gasses on the edge _and backside of a substrate, and which may be

easily removed and cleaned.

Background gf The Related Art

- Chemical vapor deposxtxon (CVD) is one of a number of processes used to deposit
thin films of material on semiconductor substrates. To process substrates using CVD, &
vacuum chamber is provided with a sﬁscep'tbr configured to receive a substrate. In a
typical CVD chamber, the substrate is placed into and removed from the chamber by a
robot blade and is supported by a substrate support during processing. A precursor gas is

charged into the vacium chamber through a gas manifold plate situated above the

substrate, where the substrate is heated to process temperatures, generally in the range of
about 250° to 650° C. The precursor. gas reacts on the héated substrate surface to deposit a
thin layer thereon and to form volatile byproduct gases, which are pumped away through
the chamber exhaust system. )

A primary goal of substrate processing is to obtain the largest useful surface area, -

and as a result the greatest number of chips, possible from each substrate. This is

highlighted by the recent demands from semiconductor chip manufacturers to minimize
edge exclusion on the substrates processed, so that as little of the substrate surface as
possible, mcludmg the edge of the Wafer is wasted. Some important factors to consider
include processing variables that affect the uniformity and thickness of the layer deposited
on the substrate, and contaminants that may attach to the substrate and render all or a
portion of the substrate defective or useless. Both of these factors should be controlled to
maximize the useful surface area for each substrate processed.

One source of particle contamination in the chamber is material deposited at the
edge or on the backside of the substrate that flakes off or peels off during a subsequent
process. Substrate edges are typically beveled, making deposition difficult te control over
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these surfaces. Thus, deposition at substfate edges is typieally nonuniform and, where
metal is deposited, tends to adhere dlfferenﬂy to a dielectric than to silicon. Ifa wafer’s .
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dielectric layer does not extend to the bevel, metal may be deposited on a silicon bevel and
eventually . chlp or flake, generating unwanted particles in the chamber.Addmona.lly,
chemical mechanical pbﬁshing is often used to smooth the surface of a substrate coated
with tungsten or other metals. The act of polishing may cause any 'dep'osi'ts on the edge
and backside surfaces to flake and generate unwanted particles.

A number of approaches have been employed to control the deposmon on the edge of the
substrate during processing. One approach employs a shadow ring which essentially
masks a portion of the perimeter of the sﬁbstrate from the process gasses. One
disadvantage with the shadow ring app_roa_bh is that, by maskmg a .p_o_rtion of the
substrate’s perimeter, the shadow ring: reduces the overall u'sefﬁl surface area of the
substrate. This problem is made worse if the shadow ring is not accurately aligned with
the substrate, and alignment can be dlfﬁcult to achieve..

Another approach employs a purge ring near the edge of the substrate for
delivering a purge gas along the substrate’s edge to prevent edge deposition. The purge
gas limits or prevents the deposition gas .f.rom' reaching 'the substrate and thus limits or
prevents deposition on the wafer’s beveled _:edge. A third approach uses a shutter ring and
a purge ring in combination to form a purge gas chamber ha.ving a purge gas inlet and
outlet adjacent the substrate’s edge so as to guide the purge gas across the wafer’s edge.

A wafer typically sits inside (radially) the purge ring, with a gap therebetween .
Conventionally, purge rings are made of aluminum and are welded to the subsu-ate support
in an effort to prevent the ring from deforming during processing. However, during the

thermal cycling which ocours within a CVD processing chamber, the -aluminum rings

‘nonetheless deform, losing the integrity of their shape and therefore compromise their

* ability to keep particles from depositing on the substrate's edge. This can change the size

of the gap, leading to non-uniformity of deposition across the wafer’s edge. As the
aluminum rings expand and contract, material theteon can flake, and create particles
which can contaminate the wafer.

Further, in order for the rings to work effecﬁvely for shadowing and/or for
purging, they must be frequently cleaned to remove deposition material which can alter
the gap or flake off and contaminate the wafer. Such cleaning increases chamber

downtime, reduces throughput and results in higher operating costs.
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Accordingly a need exists _for an improved susceptor which can reliably prevent

edge deposition, and which can be easily cleaned. -

SUMMARY OF THE INVENTION

In one aspect, the present mventlon overcomes the pmblems of the prior art by
providing a substrate support having a removable edge ring, which may be made of a
material having a lower coefficient of thermal expansion (CTE). than that of the substrate
support. The edge ring may be a shadow ring, a purge ring, or ﬁmt;ﬁon as both edge ring
and shadow ring. The edge ring and the suBstré__te support are con:ﬁgu_red for pin and slot
coupﬁng In one aspéct, either the edge ring or the substrate support includes a plurality of
pins, and the other of the edge ring or the substrate support includes a plurahty of
alignment slots i in which the pins may be mserted Bach of the slots is at least as wide as a
corresponding one ‘of the plurality of pins and extends in the radial direction. a length that
is sufficient to compensate for the differeénce in thermal expansion between the substrate
support and the edge ring. | '

In another aspect, the invention provides a removable first edge ring positioned
above the substrate support and configured for pin and slot coupling with a second edge
ring attached to the substrate support. Preferabl&_, either the first edge ring or the second
edge ring inéludes a plurality o_f pins, and the othef_of the first edge ring or second edge
ring includes one or more alignment recesses and one or more alignment slots. The pins
are inserted into the alignment recesses and alignment slofs to couple the two edge rings in
alignment. Each of the alignment recesses and alignment slots are at least as wide as the
éorresponding one of the plurality of pins, and each of the alignment slots extends in the
radial direction a length that is sufficient to compensate for the difference in thermal
expansion between the first edge ring and the second edge ring.
| Other objects, features and advantages of the present invention will become more
fully apparent from the following detailed description of the preferred embodiments, the
appended claims and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS _
FIG. 1 is an exploded perspective view of a susceptor of the invention;
FIG. 2 is a side view, in pertinent part, of a susceptor of the invention;

FIG. 3 is a side view, in pertinent part, of a susceptor of the invention;
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'FIG. 4 is a side view in pertinent part of a susceptor of the invention;
- FIGS. 5A and 5B are side views in pertinent part of a susceptor of the mvent10n
FIG. 6 is a side view in pertinent part of a susceptor of the mventlon,
FIG. 7 is a side view of a chamber showmg a susceptor of the invention in a non-
processing position. _ '
FIG. 8 is a top view of a shadow ring of the inVentioh
FIG.9isa top view of a shadow ring supported on a chamber ‘body ring of the
mventmn _ _
FIG. 10 is a side view of a chamber showmg a susceptor of the invention- in a
processmg pos1t10n and -

FIG. 11 is a side view of a chamber showmg a susceptor of the mventlon

| DETAILE-D DESCRIPTION THE PREFERRED EMBODIMENT

FIG. 1 is an exploded perspéctive view of a susceptoi_.' 11a. 'The susceptor 1la
comprises a substrate support 13, adapted for pin and slot coupling with an edge ring, such
as purge ring 15. Spec1ﬁca11y, the substrate support 13 comprises three pins 19a-c which

~ extend upwardly from the top surface of substrate support 13. The bottom surface of the

purge ring 15 comprises three alignment slots 17a-c positioned to interface with the three
pins 19a-c. The substrate support 13 comprisés a centrai wafer supporting surface 13a,
and the three pins 19a-c are disposed substantially equally spaced around the substrate
supporting surface 13a. Bach of the slots 17a-c is at least as wide as the corresponding pin
19a-c, and extends radially outward from the center of the substrate supporting surface
13a, in the direction in which the substrate support 13 expands and contracts durmg
thermal cycling. '

The substrate support 13 is preferably made of a metal such as alurninum, as is
conventional. The purge ring 15 is generally made of a material having .a lower .
coefficient of thermal expansion (CTE) than the CTE of the substrate support 13 material.
Preferably the purge ring 15 is made of a ceramic material. The slots 17a-c extend a
length which is sufficient to compensate for the difference in thermal expansion between
the substrate support 13 and the purge ring 15, over the range of process temperatures to
which the sﬁscef.\tor 11a is exposed. This difference in thermal e@mﬁon may be due to
the different CTE of thé purge ring 15 material and the substrate support 13 material.
Preferably each pin 19a-c is surrounded by a pad 21 made of a thermally insulating
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matenal, so as to achieve thermal msulatlon between the substrate support 13 anid the
purge ring 15, as further described below with reference to FIG. 2. The pads 21 are
preferably made of a highly polished ceramic and therefore allow the purge ring 135 to
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slide easily therealong while minimizing particle generation. The purge ting 15 may
further include a plurality of wafer guide pins 23 to facilitate accurate wafer placement, as
is d1sclosed in U.S. Patent Application Serial No. 09/103,462 ﬁled June 24,1998
(mcorporated herem in its entirety). _

FIG. 2 is a side view, in pertinent part, of a susceptor 11a, having a wafer W
positioned thereon. As shown in FIG. 2 the substrate support 13, the purge ri:ng. 15 and the
slots 17a-c are configured such that with use of the pad 21, no- direct contact exists
between the substrate support 13 and the pui'ge ring 15. By thermally instﬂaﬁng the purge
ring 15 from the metal substrate support 13-, the pﬁ;ge ring 15 experiénces less thermal
stress then would otherwise result if the purge ring 15 were to directly cc_i_ntact the typically
higher tempefatdre substrate support 13. Also as shown in FIG. 2, the slot 17a has a depth
greater than the length of the pm 19a to reduce thermal conduction from the substtate
support 13 to the purge ring 15, ﬁa the pin 19a. | .

The slots 17a-c extend radially outward relative to the center of the substrate

. support 13 and preferably are each just slightly wider than the respective pin 19a-c. This

prevents the purge ring 15 movement laterally relative to the substrate support occuring as
a result of thermal cycling induced expansion and contraction from being more than the
maximum distance allowing clearance between the slot 17a and the pin 19a pair. The pms

19a-c also restrict rotational movement of the purge ring 15 relative to the substrate

support 13, théreby providing rotational alignment.

The substrate support 13 comprises a purge gas delivery channel 25 and a diffuser
ring 13b which couples purge gas from the purge gas delivery channel] 25 through a purge
gas distribution channel 27 defined by an inner edge of the diffuser ring 13b and an outer
edge of the substrate support 13, and then through a plurality of small orifices O formed in
the diffuser ring 13b to a lower edge of the purge ring 15.

In operation the wafer W is positioned on the wafer supporting surface 13a such
that the edge of the wafer W is positioned adjacent the outlet of the purge slot 29. In this
manner as purge gas flows upwardly through the purge slot 29 along the edge of the wafer
W, deposition on the wafer's edge is prevented. During a deposition process, the susceptor
11a is typically heated to a temperature in the range -of 350° to 475°C, typically by a



10

15

20

25

30

is Sheet Has Been Renlaccd

\IIIIIll N

heating coil embedded in or contacted with the underside of, the susceptor 11a. However,
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for chamber maintenance or cleaning, the susceptor 11a is typically allowed to cool back
to ambient temperatures. -

" This temperature change causes thermal expansion and contraction of the chamber
elements, including the substrate support 13 and the purge ring 15. Despite thermal
cycling which occurs during CVD processing, and the resulting expénsibn and contraction
of the substrate support 13 and the diffuser ring 13b, thermally. induced stresses are not
imposed upon the purge ring 15, as it (and the pins 19a-c supporting it) caﬁ move radially
as the temperature changes, due to the pin 19a~c and slot 17a-c coupling. Any thermally
induced expansion of the gap between the purge ring 15 and the wafer W is insignificant.
Accordingly edge depositiori is more uniformly and reliably prevented. Moreover, the
pufge ring 15 may be eesily lifted off the pins 19a-c for routine 'cleaning or replacement.
Accordingly downtime is minimized. _ '

FiG. 3 is a side view, in pertinent part, of a susceptor 11b. The inventive susceptor
11b of FIG. 3 is similar to the suscepter 11a of FIG. 2, except the substrate support 13 of
FIG. 2 does not comprise the diffuser ring 13b. Instead, the purge gas delivery channel 25

- delivers purge gas to a purge gas dis'tribution channel 27 which is defined by an inner edge

of the purge ring 15 and an outer edge of the substrate support 13, as is the more narrowly
defined purge gas slot 29. The embodiment of FIG. 3 requires fewer parts, and replaces
the orifices O (ef FIG. 1) with a restrictor gap R. The restrictor gap R is formed by a
horizontal notch in the substrate support 13 and a corresponding horizontal protrusion in
the purge ring 15. The size of the restrictor gap R is determined by the respective vertical
dimensions of the substrate support 13 and the purge ring 15 to the horizontal notch or
protrusion, and by t];e thickness of the pad 21. The embodiment of FIG. 3 reduces
clogging because the _resﬁ'ictor gap R which expands radially around the substrate support
13 in a continuum is less likely to clog than are the plurality of orifices . By reducing the
number of parts, the FIG. 3 embodiment also reduces the probability of differential
expansion therebetween and the resultant particle generation. Note that, like the FIG. 1
and 2 embodiment, the purge ring 15 rests on the insulator pads 21 and is aligned by the
pins 19.

FIG. 4 is a side view, in pertinent part, of a susceptor 11c. As shown in FIG. 4, the
purge ring 15 of the inventive susceptor 11c has a plurality of pliI.lS 19 (only one shown)

which extend downward from the bottom surface of the pﬁrge ring 15. The pins 19 are
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pressed into-the_pur_'gé nng 15 and ‘the 'pé.ds 21 are secured 'to.the-'pihs 19 in the same
manner, or maybe integral to the pins 19. In operation, each pin 19 is insertéd within a
corrésponding slot 17 located on the substrate suppoﬁ 13. In this example the slots 17 are

_formed in the diffuser ring portion 13b of the substrate support 13. Thus, FIG. 4 shows

that the positions of the pms 19 and the slots 17 may be switched, and still achieve the
advantages of pin and slot coupling. '

FIGS. 5A and 5B are sxde v1ews, in pertment part, ofa susceptor 11d. The purge
ring 15a of FIGS 5A and 5B is conﬁgured such that the inner. edge 15a overhangs the h
edge of the wafer W. Thus, the purge ring 152 ﬁmct_lons as both a purge ring 152 and a
shadow ring 4 (overhanging or shadowing the wafer’s edge). The pin and slot coupling of

FIGS. 5A and 5B allows the subétate'suppo_rt 13 to exjiand and ccjntra_.ct’ without affecting
~ the shape or position of the purge ring 15a, as'-des_c_ribed above with reference to FIGS. 2

and 3. FIG. 5A shows the purge ring :1'59; in a process position, and FIG. 5B shows the -
purge ring 15a in a wafer W transfer pdsitibn.. Because shadow rmgs 4 overlap the Wafc_sr's
edge, they are conventionally suppérted in a wafer W transfer position above the substrate
support 13 (e.g., by a hanger or lip which pro’tmdés from the chamber wall) while a wafer
W is placed on or extracted from the substrate support 13. After a wafer W-is placed on

the substrate support 13, the substrate support 13 elevates and engages the bottom of the

shadow ring 4, transferring the shadow ring 4 from,me lip to the substrate support 13 as
further described below.

Conventional substrate supports 13, whether to be used w1th a purge ring 15 and/or
shadow ring 4, are initially lowered to a wafer W transfer position. A wafer handler then
carries a wafer W into position above the substrate support 13 and the lift pins (not shown)
lift the wafer W off the wafer handler. Thereafler, the wafer handler retracts, and the
substrate support 13 is further elevated to engage the shadow ring 4.

FIG. 6 is a side view in pertinent part of a susceptor 11e. The inventive susceptor
11e is configured to facilitate access to the purge gas distribution channel 25 for cleaning.
Specifically, the surface of the substrate support 13 in which the pin 19 (or in an
alternative embodiment, the slot 17) is located, is below the outlet of the purge gas
distribution channel 25. Thus, when the purge ring 15 and/or shadow ring 4 is removed
from the substrate support 13, the gas distribution channel’s outlet is exposed. To further
facilitate cleaning, the purge gas distribution channel 25 may be angled upwardly
(preferably between 0° and 30°), as shown in FIG. 6.
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FIG. 7 isa s1de view of a chambef showing a susceptor l_lf of the invention in a
lowered ﬁon-processin‘g position. The susceptor 11f comprises a removable first edge
ring, such as a shadow ring 4, supported by a chamber body ring 200 disposed on the
internal surface 102 of the processing chamber body 100 above the substrate' support 13
and a second ring, such as a purge ring 15, disposed on the substrate support 13. The
purge ring 15 maiy be attached to the subsu'ate su;iport 13 as described above relating to
Figs 1-6. The substrate support may be made of various materials, such as aluminum and
ceramic, and may include a heating eleinent-- such as a resistive heating coil. The shé.dow
ring 4 comprises a plurahty of tapered or frustoconically shaped pins 19 (two shown),
equally spaced around the perimeter of the shadow ring 4 and extending downwardly
therefrom. The purge ring 15 includes at_ least one tapered or frustoconically shaped
alignment recess 5 and at least one tapered or frustoconically shaped aﬁg:mwnt'.sl_ot 6
formed therein. Although the invention is shown and described with a shadow rmg having

pins thereon and a purge ring having recess/slot thereon, it is understood that invention

.contemplates embodiments wherein the pin and recess/slot coupling may be disposed on

either the shadow ring or the purge ring. The invention also contemplates embodiments
wherein either the pins or the recesses/slots include tapered surfaces.

The pins 19 are positioned to interface with the alignment recess 5 ar'ld. the
alignment slot 6. The alignment recess 5 and the alignment slot 6 are at leaét aswide as a
corresponding one of the plurality of pins 19. In one aspect, the width is defined as the
dimension perpendicular to the radial direction, relative to the center of the pur'gé ring 15. |
Referring to Figure 8, which is a top view of a purge ring 15 of the invention sh;)wing the
alignment recess 5 and the alignment slot 6, line 800 represents the radial direction
relative to the center of the purge ring 15, and line 802 represents the direction
perpendicular to the radial direction relative to the center of the purge ring 15. The width
of the alignment slot 6, being the dimension perpendicular to the radial direction relative
to the center of the purge ring 15, is shown by segment 804. The radial dimension of the
alignment slot 6 is shown by segment 806. The alignment.slot 6 extends in a radial
direction, relative to the center of the purge ring 15, a length that is sufficient to
corapensate for any difference in thermal expansion between the purge ring 15 and the
shadow ring 4. The radial dimension (i.e., length) of the alignment slot 6 is up to about
sixty mils greater, preferably up to about forty mils greater, than the radial dimension of
the corresponding pin 19. The width of the alignment recess 5 and alignment slot 6 is
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between about three mils and about ten mils wider, preferably between about three mils
and about eight mils wider, than the width of the correspondmg pin 19. The couphng of
the pins 19 with the alignment recess 5 and the alignment slot 6 restricts movement of the
shadow ring 4 caused by thermal cycling induced expansion and contraction or other
causes to less than the length of the alignment slot 6. The pins 19 also restrict rotational
movement of the shadow ring 4 relative to the purge ring 15, thereby providing rotational

~ aligniment.

The pins 19 as shown in FIG. 7 prgferaﬁly_ have a frustbco’nidal.shape, tapering )
from a base portion to 2 top portion. The alignment recess 5 and the alig'nmént slot 6 have
matching tapering sidewalls formin'g'a wider opening portion and a2 narrower bottom
portion for receiving the tapered pins 19, This configuration allows for and corrects gross
misalignment between the two rings because the narrower tip portion of the pins 19 can be
inserted into the wider opening portion of the recess 5 and slof 6 with a greater mé;rgin_ of
misalignment. Thus, with ﬁ'ustro’conically shaped or tabaed pins 19 instead of non-
tapering (i.e., cylindrical) pins, récess 5, a-nci slot 6, misalignment of the shadow ring 4
with the purge ring 15, due to thermal expansion or other causes can be corrected when the
pins 19 are inserted into the recess 5 and slot 6 when the rings come together. As the pins
19 are inserted into the recess 5 and slot 6, misalignment between the shadow ring and the
purge ring is corrected as ﬂﬁe sﬁrface of the pin 19 slides along the surface defined by the
recess 5 or slot 6. The two rings are aligned as the pins 19 are fully inserted into the recess
5 and slot 6. |

~ The pin 19 and recess 5/slot 6 i_:oupling allows the shadow ring 4 to move with
respect to the purge ring 15 due to different thermal expansions between the two rings.
without imposing stresses on either ting that could cause 1ing deformation, flaking or

breakage of any of the components. The shadow ring 4 remains in pivotal alignment to

* the purge ring 15 at the location of the pin 19 and recess 5 coupling, while the pin 19 and

slot 6 coupling allows the shadow ring to move slightly (i.e., restricted by the length of the

- slot 6) relative to each other due to different thermal expansions between the two rings.

The invention provides consistent alignment of the shadow ring 4 with the purge ring 15
and the substrate. Moreover, the shadow ring 4 may be 'easily rerfmved for cleaning or
replacement. Down time is thereby minimized.

FIG.91is atop viewof a shadow ring 4 supported on a chamber body ring 200. A
chamber body ring 200 is secured to the internal surface 102 of the chamber body 100.
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The chamber quy ring 200 includes a j)lm‘rality of tec_ess'es 202 fqrmed in the uppé_r .
portion of the internal surface 220 of the chamber body ring 200. The shadow ring 4 -
includes a plurality of projections 10 configured to rest on the surface of the chamber body
ring 200 defined by the recesses 202. Preferably, four projections 10 are spaced equally
along the perimeter of the shadow ring 4. When not coupled to. the purge ring 15, the
shadow ring 4 may be supported by the chamber ‘body ring 200 via the pro_jectlons 10
resting on the surface of the recesses 202, The recesses 202 are sized to allow for thermal
éxpansion of the shadow ring 4, and yet keep the shadow ring 4 sufficiently aligned with
the purge ring 15 so that the pins 19 stay within the captire range of the recess 5 and slot
6. The sidewall surfaces of the recess 202 may also be tapered to urge a shadow ring 4
into the desired aligned position on the chamber body rmg 200. |

FIG. 10 is a side view of a-'cha.mlier_' Shdwing a susceptor 11fin a prqcessing

_ posiﬁoh. As shown, the purge ring 15 attached to the substrate support 13 contacts and

lifts the shadow ring 4. The pins 19 of the shadow ring 4 are inserted into the recess 5 and
slot 6 of the purge ring 15. The'shadbw 1ing 4 is i:hereby lifted off the chamber body ring
200, so that the projectibns 10 of the shadow ring 4 are lifted off the internal sinfgce 220
of the-chamber body ring 200 defined by the recesses 202. In this conﬁguraﬁdn, the

 shadow ring 4 is positioned about 3 to 5 millimeters above a wafer W and overhangs a

portion of the peﬁmeter, or edge, of the wafer W, preventing deposition thereon during
CVD processing. ' |

In operatlon, the substrate support 13 is mmally lowered to a wafer transfer
position, as shown in FIG. 7. A wafer handler comprising a robot blade then carries a
wafer into position above the substrate support 13. Lift pins (not shown) lift the wafer W
off the robot blade, and the robot blade retracts. The substrate support 13 is elevated to
position the substrate thereon, and then the substrate support 13 further elevates so that the
purge ring 15 attached thereto lifts the shadow ring 4 off the chamber body ring 200, as
shown in FIG. 10. As the purge ring 15 engages the shadow ring 4, the pins 19 are
inserted into the alignment recess 5 and alignment slot 6. The tapéred surfaces of the pins
19 slides along the tapered surfaces of the alignment recess 5 and alignment slot 6, urging
the shadow ring 4 into desired alignment with the purge ring 15.

FIG. 11 is a side view of a chamber showing a susceptor 11g in a non-processing

configuration. In this aspect of the invention, the substrate support 13 includes a ceramic-
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susceptor and a ceramic purge ring 15 disf;osed thereon. The purge ring 15 and the
shadow ring 4 include the pin and slot/recess coupling of the invention as described above.
- As is apparent from the above description, a chamber such as the chamber
described in commonly assigned U.S. Patent Application Serial No. 09/103,462, filed June
24, 1998 (incorporated in its entirety ), when employing the in&entiw’r_e susceptor of FIGS. 1
through 5, provides superior edge | deposition prevention and increased throughput as
compared to conventional deposition chambers (CVD, PVD, etc.).
The foregoing description disgloscs only the preferred embodiments of the
invention, modifications of the above disclo'se_d appérams and method which fall within
the scope of the invention will be readily' apparent to those of ordinary skill in the art. For

instance, the inventive susceptor comprises pin a.nd slot couplmg between any type of

edge ring (purge ring and/or shadow ring), Whether the pins are locaied on the substrate
support or the ring. Although each of the ﬁgures shows the use of thermally msulatmg
pads these pads are optional. Further, it will be understood that a heating element may be
included in the susceptor, as is con{'enﬁonally known. Also as conventionally known,
each of the purge gas delivery channels 25 of the various embodiments of the invention
preferably open into a purge gas distribution channel 27 which also extends somewhat
below the opening of the purge gas delivery channel 25 (as shown in each of the figures),
so as to create a buffer channel which ensures more even distribution of the purge gas to
the purge slots 29. | '

The terms pin and slot are to be broadly interpreted to include shapes other than

‘straight pins and slots 6 (e.g., rectangular keys, etc.). Further, purge ring or purge

ring/shadow ring can be advantageously remoirably coupled to a substrate support, by
mechanisms other than pin and slot coupling. Any removably coupled purge ring will
benefit from the exposed outlet of the purge gas delivery channel and the upwardly angled
purge gas delivery channel. Similarly a susceptor whether or not having a removably
coupled purge ring, can benefit from the definition of a purge gas distribution channel
having a restrictor gap between the substrate support and the pﬁrge ring. Thus, these
aspects of the invention should not be respectively limited to pin and slot coupling or to
removably coupléd purge rings.

While the present invention has been disclosed in connection with the preferred
embodiments thereof, it should be understood that other embodiments may fall within the

spirit and scope of the invention, as defined by the following claims.
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a) a substrate support;

" b) a first edge ring d.lsposed on the subsiraie support, the first edge ring having

1. An apparatus comprising: o l

one or more tapered recesses; and

c) a second edge ring havihg'_-:one 'or more matching tapered pins for mating

-engagement with the one or more tapcrgd ‘fe_ce_sse_s of the first edge ring. '

2. The apparatus of claim 1 wherein the first edge_ring includes one or more slots

. d13posed for mating engagement' with the one or more tapered pins on the second edge

3. The apparatus ofciaim 1 whefcin the first edge ring comprisés_ a purge ring. |
4, The apparatus of claim 1 wherein the aecond edge ring comprises a shadow ring.
5. The apparafus of claim 1 wharein the first edge ring includes one tapered recess

and one diametrically positioned tapered slot, and wherein the second edge ring includes
two tapered pins diametrically positioned for mating engagement with the recess and the

slot.

6. The apparatus of claim 1 wherein the substrate support comprises a purge gas
channel, and the first edge ring comprises a purge ring.

7. An apparatus for processing substrates, comprising:

a) a chamber;

b) a substrate support disposed in the chamber:;

c) a first edge ring dlsposed on the substrate support, the first edge ring havmg
one or more tapered recesses; and .

d) a second edge ring having one or more matching tapered pins for mating

engagement with the one or more tapered recesses of the first edge ring.
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8. The apparatus of claim 7, further compnsmg
e) a chamber body ring disposed on an interior surface of the chamber, the
chamber body ring having one er more recesses for supporting engagement with the

second ._ed._ge ring.

9. The apparatus of claim 8 wherein the first edge ring includes one or more slots
disposed for mating engagement with the one or more tapered pins on the second edge

ring.
10.  The apparatus of clai_xh 8 wherein the first edge ring comprises a purge ring.
11. The apparatus of claim 8 wherein the second edge ring comprises a shadow ring.

12.  ‘The apparatus of claim 8 wherein the first edge ring includes one tapered recess
and one diametrically positioned tapered slot, and wherein the second edge ring includes
two tapered pins diametrically positioned for mating engagement with the recess and the

slot.

13.  The apparatus of claim 8 wherein the substrate support comprises a purge gas
channel, and the first edge ring comprises a purge ring.

14. The apparaj:us of claim 8 wlietein the one or more recesses on the chamber body

ring include tapered side surfaces.

15. A method for supporting a substrate in a chamber, comprising:

a) positioning the substrate on a substrate support having a first edge ring
disposed around a substrate supporting surface, the first edge ring having one or more
recesses; and

b) positioning a second edge ring above the first edge ring, wherein the second
edge ring include one -or more pins for mating engagement with the one or more recesses

on the first edge ring.
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ring. | |
. herein the first. i ri e ring.
The method of claim 15 wherein the first edge ring comprises a purg
17. em o1 !
. the second edge i srises a shadow Ting.
thod of claim 15 wherein the second edge ring comprises a _
18.  The metho _ _ © :

Th ing n ! : drecés‘sand '
thod of claim 15 wherein the first édge ring includes one tapm:e —
. e method o A e
o diam. etrically positioned tapered slot, and wherein the second edge rmgand -
itio - . i o
oné ed pins diametrically positioned for mating engagement with the rece .
tapered pms _ ! ’

| 'I‘hé method of claim 15, further comprising; - . t méessmg'
o flowi 'a. purge gas around the substrate during substrate p
c) owing a pt . '
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