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METHOD AND APPARATUS FOR SHAPING GAS PROFILE
NEAR BEVEL EDGE

BACKGROUND
{0001} As. feature sizes. are becoming smmller and smaller, the cleaning of the edge

tegion’ of the wafer is beconrng more difficait. I addition, as newer cleaning techmiques are
different process chemistries being utilized for these techniiqueés. Some of these protessing
chemistries may be corrosive to tlie active portion of the wafer, i.e., the region of the wafer
where the chips teside. Another consequence of the shrinking feature sizes is thut the edge
exclusion zone is becoming smaller. Thus any cleaning of the edge must be directed to the edge
so that the corrosive chemsistres do not impact the remainder of the wafer. Curtrently,
techniques are being developed in order to facilifate the cleaning of the edge so that any
particulates or contamination can be removed from the processing performed. on the substrate.
‘However, there is a need to be able to clean the edge without affecting the center portion of the
wafer. As pew processes are being used for wafer processing, this need will become more
apparent especially with the use of corrosive processing gases as-cleaning chemistries.

10862] e view of the foregoing; thereis 2. need for systems and methods for cleaning a
bevel edge of a wafer as this regien is becoming smaller and to perform. the cleaning without

impacting the center region.

SUMMARY
[6003} Broadly speaking, the embodiments fill the need by providing a method and

system for etching an edge of the substrate-to elean the substrate while preventing a center
region of the substrate from experiencing any harmful plasma species. Tt should be appreciated
that the present invention can be implemented in aumerouns ways, including as a solution, a
method, a process, an apparatus, or a-system. Several inventive embodiments of the present
invention are described below,

{0984 In one embodiment, a-method for siching a bevel edge of a substrate in a
processing chamber is provided. The methed includes flowing an inert gas info a center region

of'the processing chamber defined above a center region of the-substrate-and flowing 4 mixture
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of an. inert gas and a processing gas over an edge region of the substrate, The method further
includes striking a plasma in the-edge region, wherein the flow of the.inert gas and the flow of
the mixture maintain a mass fraction of the processing gas substantially constant.

{0005] Inanother embodiment, a-method for cleaning a beve] edge of a substrate is
provided. The method initiates with flowing an inert gas into a center-egion of the processing
chamber defined above a center region of the substiate. An efchant gas flows overan edge

region of the substrate contemporaneously with the flowing of'the inert gas. The method

‘inchides striking a plasma in the edge region through opposing annular electrodes proximate to

the edge region, wherein the flow of the inert gas and the flow of the etchant gas maintain a

‘mass fraction of the etchant gas substantially constant af the edge region while preventing the

etchant gas fiom diffusing info the center region.
[F006} In yet another embodiment; a processing chamber is provided. the processing

chamber inchudes a substrate support and a pair of annular electrodes disposed overan edge

region of the substrate support. The processing chamber includes a-gas distribution system

having a first gas inlet providing an inert gas overa center region of the substrate and a-second

gas inlet providing a processing gas proximaic to the edge region. A pressure conivol systent

controlling a-pressure-inside-the chamber isdnctuded. The processing chamber includes a
processor controlling the inert gas and the processing gas introdiiced into the chaniber as well as
the pressore inside the chamber. A inemory in data communication with the processor is
provided. The meémory stores a program to be operated onbythe processor. The program

includes a first subroutine to control flow rates of the processing gds at the edge region anid the

edge region substantially constant. A second subroutine to-control mixing of the processing gas
with anothir gas is also-provided.

{0007} Dther aspects and advantages of the invention will become apparent from the
following defailed description, taken in corifunction with the accompanying drawings,

ilustrating by way of éxample the principles of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will be readily understood by the following detailed
desctiption in conjonetion:with the accompanying drawisgs, and like reference numerals
designate Tike stroctural elements.

10009) Figure T is a simplified schematic diagram illastrating a processing chamber in
which the edge of a wafer is etched in accordance with one embodiment of the inveation.
[0010] Figure 2 is an altetnative embodiment to fhe ¢hamber of Figure | where an edge
gas supply is included along with a center gas supply.

[0011] Figure 3 iHustrates an alternative eimbodiment fo the gas supply setup illustrated
in Rigures 1 and 2 for etching an-edge of a wafer in sccordance with one embodiment of the
invention,

10012} Figure 4 is a simplified graph illustrating the compatison of mass fractions
between the three purge gases emissions in accordance with one embodiment of the invention.
[0013] Figure 5 illustrates a graph representing the oxygen mass fraction versus.the
distatice along the wafer in accordance with one embodiment of the invention.

[0014] Figure 6 is-a flow chart diagram illustrating the method operations for etching an
edge-of a substrate:int accordance with orie émbediment of the invention.

DETAILED DESCRIPTION

18015] The embodiménts described herein provide a method for controlling the etch rate
at the edge of a wafer whils protecting a center region of the wafer from the edge etch. In one
embodiment, a center gas supply is used to introduce a processing gas at 2 flow rate that is
relatively high as cotipared to typical etching operations. In addition, the pressure withihi the
chiamber is at T Torr or greater in order to achieve the processing in the regime desired. In.a
second embodiment,. the center gas supply is used to supply ap inert gas while an edge gas
supply: délivers the processing gas to the edges region of the wafer: In this embodiment, the

ceriter gas buffers the centerregion of the wafer from the processing gases-of the edge region to

to- supply ait iniert gas to the center region of the wafer, while a mixture of an jnert gas.and a
process gas is supplied to the edge region. It should be appreciated that the inert gas supplied at

the edge:region and the inert gas supplied at the center region may or may not be the same gas.
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0016} Figure 1 is a simplified schematic disgram iHlustrating 4 processing chamber in
which. the edge of a wafer is etched in secordance with one embodiment of the invention.
Chamber 100 inckades edge electrodes 106a and 106b. Edge electrode 106a is atop electrode
disposed around an outer perimeter of substrate 102, while edge electrode 106b is a bottom
clectrode dispesed opposing top electrede 106a and below an outer region of substrate 102, In
‘one-embodiment, edge electrodes 106a and 106b are annular rings: Substrate 102 which may
aet as an electrode rests on substrate support 104. In one embodiment, subsirate support 104
miay be an electrostatic chiuck: Center gas supply 110 introduces 2 gas supply through mass
flow vonfroller 108 into a center region of chamber 100. In one embodiment, the gas supply
from center gas supply 110 flows into the chamber at approximately 1000 standard cubic
centimeters per meter (SCCM). In another embodiment, the flow rate of the gag is greater than
1000- SCCM. The processing gas used in the embodiments herein may be any processing gas
commonly used fo perform etching operations during semiconductor processing. Exemplary
process gases include oxygen (Q;), SFs, chlorne (Cly), CFy and any inert gases such as argon,
niteogen, eie., may be supplied with the process gas. Numerous other process gasés iitilized in
semicenductor manufacturing niay be included in the embodiments discusséd herein. It should
be appreciated that the pressure within chamber 100 is kept at. 1 Torr or gredter i on
embodiment, In this pressure regime the diffusion éffects ffom the' gasfions around the outer

edge during the etching operation are offset by the momentum effect 6f the gas from the center

yégion.
007 Figure 2 is an alternative embodiment fo the chamber of Figire 1 where an edge

ias. sipply is included along with & center gas-supply. Chamber 100 includes electrodes 106a
anid 106b disposed therein, Wafer 102 rests upon substrate support 104, Centér gas supply Ho
supplies an inert-gas into a centet region of the chamber through miass fow controller 108, As
ilkustrated in region 118 the center gas supply buffers the center region of the wafer to protect
the. devices defined thereon. Edge gas supply 114 supplies an edge gas to edge region 116
which is proximate to an outer peritneter of substrate 102 and between electrodes 106a and
106b. “The edge gas supply is supplied through mass flow controller 112. Controller 120 may
be used to-operate the mass flow controliers in order to provide the desired flow rates and mass
flow of the process gas and-inert gas into the chamber: In ong emabodiment; controlier 120 is a
coinputing device having a processor and a memory. In this embodiment, the memory may

include code. The code may include subroutings that contro! operation of mass flow controf
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addition, fhe code may include subtontines or instructions for controlling pressure within the
chamber. As iHustrated in Figure 2, region 116 depicts‘a region where the edge gas is-defined
within chamber 100. Aggin, the pressure within the chamber is controiled at 1 Totr or greater.
s oune smbodiment, the pressure-is maintained at 1.3 Torr or greater. It should-be appreciated
that at the higher pressure the diffusion effect of the gas at the edge is dominated by the
momentum, ffect fron the center gas supply. That is, there are many more collisions and the
‘mai free path is very short in this pressure regime. I addition, the inert gas supplied through
center gas. supply 110 may be any suitable inert gas such as nitrogen, argon, etc. In one

embodiment an inert gas having a higher molecular wéight--may be preferable, however, iisnot

necessary.
[0018] Figure 3 Hlustrates an alternative embodiment to the gas supply setup illusirated

in Figures T and 2 for etching an edge of a wafer in accordance with one embodiment of the
invention. Chamber 100 here again includes electrodes 106a and 106b disposed around dn
outer perimeter of wafer 102 which is resting on substrate support 104, Center gas supply 110
introduces a center gas to the center region defined over substrate 102 through mass flow
coniroller 108. Process gas is delivered to the edge region from edge active gas supply 114:and
edge inert gas supply 122, These.supplies are delivered through mass tlow controller 112 to'thé
édge tegion defined around the perimeiei of substiate 102, Controller 120 monitors the
operation 6f mass flow controllers 108 and 112 to deliver the desired ratios of gases. Ti should
be appreciated that in this embodiment, the wass fractions- aré able to be comirolled through
controlfer 120 and corresponding mass flow controllers. In one embodiment, the gas flow
thiough mass flow controller 112 mixes an inert gas with a process gas. As discussed above the
process gas will generate a cleaning plasma. The inert gas may or may not be the:same inert gas
defivered to the center region. through mass flow controtler 108.

{00191 Figute 4 is a simplified graph illustrating the comparison. of mass: fractions
Betiveen the purge gas flow rates in accordance with ong embodiment of the invention. The Y
axis provides the mass fraction ratio of oxygen'to nitrogen. The X axis illustrates the distance
from the-wafer center in meters, Line 200 illusirates a.center gas feed being supplied at 10 scem
of nitregen. As illustrated, ling 200 represents.a lingar relationship between the distance from
the ‘wafer center and the mass fraction, Ags the flow rate of nitrogen in the center region is

increased to 200 scom the etch profile becomes. steeper s ilfustrated by line 202. In addition,
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when the flow tate of nitrogen s increased to 1000 scem the etch profile becomes even steeper
at the edge of the wafer as illustrated by line 204. However, in this profile which is
representative of the center gas feed supplying an iner( gas and an edge gas supply supplying a
single attive gas, such as oxygen, the pracess ckeristries differ drastically in terms of the mass
fraction as illustrated by the end points for each of Hine 200, 202, and 204, which range from 0.1
to 0.9,

{(}92!1}‘ Figure § illustrates a graph representing the oxygen mass fraction versus the
distanice along the wafer iir accordance with one embodiment of ‘the invention. Line 206
iltustrates a condition in which the purge gas through the center is delivered at 10 scom while
the active gas at the edge is supplied at 200 scem and the edge inert-gas is supplied at 990 scem.
It should be appreciated that the edge inert gas may be-referred fo as a ballast gas, Line 208
represents conditions where the purge: gas through the cenier is supplied at 200 scom, the
process gas ai the edge is supplied at 200 scem and the ballast gas is supplied at 800 scem. In
fine 210 the conditions are that the purge is supplied at 800 sccni and the process gas at the edge
is supplied at 200-sccm, while the-edge inert gas is not being supplied in this representation. It
should be appreciated that the process chensistries at the edge remain consisteént in this
embodiment as illustrated by the common endpoints for lines 206, 208, and 210, Thus foreach
of the cases described above, the profile of the efch process is shaped as noeded and the mass
fraction ofthe process gas at the edge region rémains consistent.

10021j Figure 6 is a flow chart diagram illustrafing the method operationg for etching an
edge of a substrate in accordance witl one embodiment of the invention. The method inifiates
with operation 300 where a putge gas i introduced into 4 center region of & chamber over &
center region of a substrate disposed in the chamber. As illustrated in ‘the. figutes above, the
purge gas may be introduced at-a flow rate of greater them. 700 seem. In one embodiment, the
flow rate of the purge gas is greater than 1000 scen. The method then advances to operation
302 wliere & process gas is introduced over an edge vegion of a wafer within the processing
chamber. The process gas may be introduced contemporaneonsly with the purge gas of
operation 300. The proCess gas may be any suitable process gas used for etching a substrate, In
ofle embodiment, axygen is introduced ints the chamber over the.edge region.as the process gas:
The flow rats of the oxygen may be 200 scom or greater. The method then advances to
operation 304 wherein an inert gas is ntroduced over the edge region contemporaneously with

the process gas. In one embodiment, the inett gas is mixed with the process gas prior to
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ntroduetion into the chamber. ‘The inert gas may or may nof be the same composition as the
‘purge gas from operationt 300. It should be appreciated that introduction of the inert gas over
the edge m‘gibn in operation 304 is.an optional operation. That is, the inert gas may or may not
be combined with the process gas for -introduction into the chamber in one embodiment of the
invention. In one embodiment the inert gas mixed with the process gas.is different. than the
inert gas ‘mtroduced into the center region. In this embodiment, the inert gas mixed with the
process gas has g Jower-molegular weight: than the inert gas introduced into the center region,
The method then moves 1o operation 306 where a plasma is struck while introducing the gases
described above. In operation 308 the edge of the water is etched while the ceater region of the
substraie is protected from the corrosive chemicals and etching operation. ‘One skilled m the art
will appreciate that the embodiments described below allow for the: avoidancé of the use of a
shield or nsert to profect the center region from corfrosive species.

[6022] With the-above embodiménts in nind, it should be understood that the invention
may employ various computer-implemented operations involving datz:stored in computer
systems. ‘These operations are those requiring physical manipulation of physical quantities.
Usually, though net necessarily, these quantities take the form.of electrical or magnetic signals
capable of being stored, 'transf:eﬂfed;,cwm-bined_, cotmipared, and otherwise manipulated. Further,
the manipulations performid are ofteri referred to in terms, such.as prodiicing, identifying,

detefmaining, or-comparing.

{0623} Any of the. operations described herein that form part of the invention are useful
niaching opérations. The invention also relates to & device or an apparatus for performing these
operations. The apparatus may be specially constructed for the vequired purposes, such asthe
carrier network diseussed above, or it may be & general purpose computer selectively activated
or.configund by a computer program stored iirthe computer. In partioular, various general
purpose machines may be used with computer programs writien in accordance with the
teachitigs hergin, or it may be more conventent to construct a more specialized apparatus.to-

perform the requited operations.

j0924] “The invention can also. be cmbodied as computer readable code on.a computer
resdable medium. The computer readable medium is any data storage device that can store
data, whieh can thereafter be'read by & computer sysiem. Examples of the computer readable
medium include hard drives, nefwork attached storage {NAS), read-only meroty, random-
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access merory, CD-ROMs, €D-Rs, CD-RWs, DVDs, Flash, rnagnetic tapes, and-other optical.
and non-optical dita storage devices. The-computer readable medium-can also be distributed
over a network coupled computer systers so that the computer readable code is stored and

executed in-a distiibuted fashion.

[0025] While this invention has been described. in terms of several embodiments, it will
be appreciated that those skilled in the-art upon reading the preceding specifications and
studying the dfawings will realize various alterations, additions, permutations and equivalents
thereof, Therefore, it js intended that the present invention includes all such alterations,
additions, peimutations, and equivalents as fall within the true spiritand scope of the invention.
T the claims, elements and/or steps do not imiply any particolar order of operation, unless

explicitly stated in the claims.
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CLAIMS_

1. A method for etching a bevel edge 6f 2 substrate i a processing chamber,
comprising:

flowing an ihert g48 into 3 center region of the processing chamber defined above a
center region of the substrzte;

flowiiig a mixture of an inert gas snd a processing gas overan edge region of the
substrate:

striking a plasnia in the:edge region, wherein the flow of the inert gas and the flow of

the mixture niaintain a-mass fraction of the precessing gas substantially constant.

2. The method of claim 1, further comprising:

iaititaining a pressure in-the edge region of greater than 1 Torr:

3. The method of claim 1, wherein a flow rate of the inert gas intothe center
region is greater than a flow rate of a flow rate of the gas and the processing gas over the

edgeregion.

4. The method of claim 1 wherein a flow rate 0fthe inert gas in the mixfure is 2

Fraction of a flow rate ofthe inert gas to the center region.

5. The method of ¢laim 1, wherein the inert gas flowing into the eeriter region is

2 same gas as the inert pas flowing to the edge region.

6. Thie method of claim 1, wherein a mass fraction of the processing gas in'the
center region is maintained at abotit zero during the etching and wherein a mass fraction of

the processing gas ifi the edge region is between about 0.1 and about 0:2.

7. ‘Themethod of claim I, wherein a flow rate of the inert gas in the mixture is 2
fraction 6f 2 flow rate of the ihert gas to the center region and-a flow tate of the processing

gas i§ equivaient 1o the flow rate of the inert gas {o-the center region.
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B. The method of ¢laim 1, wherein a molecular weight of the inert gas in the

mixture is Jess than a niolecular weight of the inert-gas flowing to the center region.

9. A method for cleaning a bevel edge of a substrate, comprising:

flowing an inert gas info 2 center region of the processing chamber defined above a-
center region of the substrate;

flowing an eichant gas over an edgeregion of the substrate; and:

striking a plasma inv the edge region through opposing annular electrodes proximate fo
the edge region, wherein the flow of the incrt gas and the flow of the efchant gas maintain a.
mass fraction of the etchant gas substantially constant-at the edge region while preventing the

etchant gas from diffusing into the-center region.

10.  The method of claint 9, wherein a flow rate of the eichant gas is a fraction of a.

flow rate of the inett gas.

1.  The inethiod of claim 9, further comprising;

region while

maintainiag the flowing of the inert gas into the centet’ region.

12,  “The method.of claim 9, wherein the flow of the etchant gas consists

essentially of oxygen.

13, 'The method of claim. 11, wherein a flow rate of the inert gas mixed with the
flow of the etchant gas is greater than both a flow rate of the-etchant gas and a flow rate-of

the inert gas into the center region

14.  The method of claim 9, further comprising:

‘maintaining a pressure in the edge region of greater than 1 Torr,

15.  Themethod of claim 9 wherein the cleaning of the bevel edge is-completed

without inserts placed over the substrate.
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16.  The method of claim 9, wherein 2 mass fraction of the etchant gas in the
center region is maintained at about zéro during the cleaning and wherein the mass fraction

of the etchant gas in the edge region is between about'0.1 and about 6.2.

17.  The method of claim | 1, wherein a molecular weight of the inert gas in the

mixture is fess than a molecutar weight of the inert gas flowing to the center region.

{8, The method of claim 11, wherein the inert gas-flowing into the center region

is 2 same gas as the inert gas mixing with the etchant gas.

19. A processing chamber, comprising;

a substrate support;

a gas distribution systern including.a first gas inlet providing an inert gas overa
center region of the substrate aid a second gas inlet providing @ procgssing gas proximate 10
the edge region;

a préssure control system zonitrofling 2 pressurs inside the chamber;

4 processor controlling the inert gas and the processing gas introduced into the
chatitber and the pressure inside the chamber; and

a memory in data communication with the processor, the metmory storing a program

1o be operated on by the processor, the program including a fitst subroutine to control flow

to innirtain a mass fraction of the processing gas at the edpe region substantially constant,

and a second subroutine to control mixing of the processing gas with another gas.

20.  The processing chamber of claim 19 wherein the program includes a pressure

control subroutine for controlling a pressure in the chamber at greater than 1 Torr.

21, The processing chamber of claim 19 wherein the first subrouting confrols a
flow rate of the processing gas to be less than-a flow rate of the inert gas, and wherein the:
second subroutine controls & flow rate of the another gas at 4 rate less than the flow rate fo

the less than the processing gas.



