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WEAUK@REIND [ 1] In the fabrication of sem condeCTms2007/004225

based devices (e.g. integrated circuits or flat pane

di spl ays), layers of material may alternately be

deposited onto and etched froma substrate surface

(e.g., the sem conductor wafer or the glass panel). As

is well known in the art, the deposition of naterial

| ayer (s) and etching of the et eri al | ayer (s) may be

acconplished by a variety of techniques, including

PROTCESS AFUNING GilS INJBOTION FROMTHE SUBSTRATE

pl asmaenhanced deposition ggniéﬁging, t he actua
deposition or etching of t trate takes pl ace

i nside a plasma processi ng chanber. During the
deposition or etching progRSfventorp! asma is fornmed from
a suitable source _gas to deposit a material |ayer on
the substrate oRajpdesDhindss erdMykund udyaste that are
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the i nplenentation of neBAWKEROTND i N next generation
of device fabrication on [arger substrate sizes have
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{2} The shrinking feature sizes and the implementation of new materials in next
generation of device fabrication on larger substrate sizes have challenged plasma etch and
plasma deposition processing equipments to maintain the uniformities or process results from
centers to the very edges of substrates. The larger sizes of the substrates and the smaller
device sizes result in larger numbers of devices close to the very edges of the substrates (or
wafers). This makes controlling of processing results at the very edges of substrates very

critical.

[31 At the very edge of the substrate, the deposition or etching plasma non-uniformity
increases due to a few facto'rs. For example, during plasma etching, the etching by-product
concentration at the substrate edge is different from the center of the substrate due to the
lacking of etching by-product source beyond the substrate edge. The lower etching by-
product concentration can affect the etching uniformity at the very edge of the substrate. In
addition, the substrate temperature is'different at the substrate edge. Conventional plasma

etching system usually has a substrate cooling mechanism in the substrate support to cool the



| acki ng of etching by-product source beyond the

substrate edge. The | ower etching by product
woaoraaga7at i on can affect the etching uniform pgTas260me04225

very edge of the substrate. In addition, the substrate

tenperature is different at the substrate edge.

Conventional plasma etching systemusually has a

substrate cooling mechanismin the substrate support

to cool thesubstrate during etching process to

maintain the substrate at a éertain tenperature. The
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devices that are within about 10 mm to the very edge of the substrate non-usable.

[5] In view of the foregoing, there is a need for a method and apparatus that provides an
improved plasma processing mechanism to increase the process uniformity at the very edge

of the substrate to increase device yield of semiconductor substrates.

SUMMARY

[6] Broadly speaking, the present invention fills these needs by providing an improved
plasma processing mechanism to increase the process uniformity at the very edge of the

substrate. It should be appreciated that the present invention can be implemented in



wi thin about 10 mMmto the very edge of the substrate.

The poor edge uniformty renders the devices that are
waizodtioasabout 10 mmto the very edge of the suBeTmaR@®7/004225

non-usable. [5] In view of the foregoing, there is a

need for a nethod and apparatus that provides an

i nproved pl asma processi ng nechanismto increase the

process uniformty at the very edge of the substrate

to increase device yield of sem conductor substrates.

SUMVARY [ 6] Broadly speaking? the present invention

fills these needs by providing an i nproved
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91 In yet another embodiment, a method of improving plasma uniformity at an edge ofa
substrate in a plasma processing chamber is provided. The method includes supplying a
process gas from a gas distribution plate disposed above a substrate support. The method
also includes introducing a tuning gas containing at least one component of the processing
gas from a bottom region of the plasma processing chamber towards an outer edge of the
substrate, contemporarily with supplying the processing gas. The tuning gas is supplied by a
central gas plenum disposed within the substrate support. In addition, the method includes

generating plasma by powering at least one electrode in the process chamber.



wherein the plurality of tuning gas channels are

connected to the edge gas pl enum surroundi ng the
weubstmwst7e support. In addition, the tuni ng gaBCT/US2007/004225

assenbly includes a central tuning gas plenum di sposed

wi thin and near the center of the substrate support

through a plurality of tuning gas supply channels. [9]

In yet anot her enbodi nent, a nmethod of inproving

plasma uniformty at an edge of a substrate in a

pl asma processi ng chanber is4provided. The et hod

i ncl udes supplying a process gas from a_gas
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i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 11] The
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following detailed description in conjunction with the
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desi gnate |ike structural elenents. [12] Figure 1 .
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enl arged area 125 of Figure 1. [15] Figure 3B shows a
(19 0GesSe BDOWARNs &kdtgssaflpw QEasmgl thewntihg gaé agtle fubsicag edge to
as at the substrate edge to i nprove etch uniformty

g )
prefent {iBstiats hackside etsh by REOWGHEPPSEN-
DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[18] Several exemplary embodiments for an improved plasma etching system, method and
apparatus will now be described. It will be apparent to those skilled in the art that the present
invention may be practiced without some or all of the specific details set forth herein. It will
also be apparent to those skilled in the art that the present invention may be practiced for

plasma deposition.

[19] As described earlier, due to increasing sizes of substrate and smaller feature sizes, a
large number of devices exist on the very edge of substrate. Improving process uniformity at
the very edge of substrate would improve yield of devices on the very edge of substrate. One
embodiment of the present invention provides a process tuning gas source at the very edge of
the substrate. For the following description of the various embodiments of the invention, we
will use etching plasma as an example. However, the concept can apply to plasma deposition

and plasma deposition chambers.



[16] Figure 3C shows anot her enbodi nent of an enl arged

area 125 of Figure 1. [17] Figure 3D shows a process
wohlaoogo7usi ng the tuni ng gas at the substr at e PeUmS2106/004225

prevent substrate backside etch by-product deposition.

DETAI LED DESCRI PTI ON OF THE EXEMPLARYEMBODI MENTS [ 18]

Several exenplary enbodinents for an inproved plasm

etching system nethod and apparatus w Il now be

described. It will be apparent to those skilled in the

art that the present i nvent i dn may be practiced
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electrode.

[22] Surrounding the substrate support 145 is an edge ring 160 that provides tuning gas
injection channels 151, which is part of the tuning gas assembly 150. The edge ring 160 may
be made of semi-conductive material, such as silicon, or made of insulator. Below the edge
ring 160 is a coupling ring 162, which houses an edge tuning gas plenum 152 and tuning gas
supply channels 154. The edge tuning gas plenum 152 and the tuning gas supply channels
are also part of the tuning gas assembly 150. The coupling ring 162 may be made of
dielectric material, such as quartz. The coupling ring 162 provides connection between the

edge ring 160 and the lower end of the substrate support 145.

[23] In one embodiment, spacer ring 170 is disposed next to the edge ring 160. The spacer

ring 170 may be made of insulator, such as quartz. The spacer ring is disposed above a
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[21] In one enbodi nent, a process tuning gas is
weoeupplmwedifrom a tuni ng gas source right next POTHISE007/004225

edge of the substrate. Figure 1 shows a

cross-sectional view of a plasma processing apparatus

100 that has a tuning gas source surrounding the
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[26] Figure 2 shows an embodiment of a top view of the tuning gas supply assembly 150.

The central tuning gas plenum 153 receives the supply of tuning gas from the tuning gas
container 156 through a tuning gas line 155. The central tuning gas plenum 153 supplies
tuning gas to the edge tuning gas plenum 152 through six tuning gas supply channels 154,
which are distributed evenly around the central tuning gas plenum 253. It should be
appreciated that there could ‘be more than six or less than six of tuning gas supply channels
154. The tuning gas supply channels 154 are distributed evenly around the circumference of
the central tuning gas plenum 153. The tuning gas supply channels 154 intersect with the
edge tuning gas plenum 152 at junctions 159. On the top surface edge tuning gas plenum and
also at the bottom of the tuning gas injection channels 151 are the bottoms of tuning gas

injection channels 151g. The tops of the tuning gas injection channels 151t and the tuning



be made of insulator, such as ceramc. The edge ring

160, the coupling ring 162 and the peripheral ring 172
wanyo7meswecur ed t oget her by a securing devi ce BET/USR7/004225

one enbodi nent the securing device 161 nmay be a bolt.

One skilled in the art will appreciate that only

sui tabl e securing devices may be used here. [24] The

tuning gas supply channel's 154 intersect the edge

tuning gas pl enum 152 at junctions 159. At the
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systens and nmet hods i nclude coating the substrate .
regipbpineh BaBe cdge of e sibsirale- i heyuming ey 15 PP ec B tuning gas
pldrRt 19369 tB AR ARy isHbutetht Aitheedae €l thedese thiink pahislemym 152.
for chucki ng and dechucki ng purposes. [26] Figure 2

[2AhOVSz a8 3RNENeEE AR inbolingent 6P efldtged vieheof cirilegRyasFigure 1. In

supply. assenbly 150. The tral tuni I
i oiogiBsont B S OIS TGS 1 Fort RIS B EPEag fom the

vefiRA} BLOKT ’ﬂfé@m%n:r&’ EEH b Qbdth B bolES dbdrbetoldbout i @egrees, preferably
central tuning gas plenum 153 supplies tuning gas to . .
betwenedbget 1Qdegrgesgtesahput Al idegses- t E'E@ @gale st of thh g-'f‘i‘g‘gg&f’ss Injection

chgrﬁ%génfés 1&2@1@&;@ the ll?éetio\quqﬁk ﬁﬁﬁlg‘ﬁﬁ i)Ei.hg E%ﬁféd Y& Yubstrate surface,

e central tuning gas plenum . It should be
andpibesbiratditctshaw thhdwming gas i distrimindenaen e ales obfhe pbgrate. The

tmtiigg %g% ksx?l?éctq&i%{vgﬁi ) ] iocrry PR gb&@%@@drﬁcé f the! B&et fNth®Qubstrate.
Ustlgllre high Pagm){rf gq‘tg%ta; (HAR%)r ee:tch Iag t:a.rrl Iegalljrrtlpelg, tgz:/ %?clc)e/:ss?nrgoguars] dfor HARC
includes gases, such as O, CFa, C4Fg, C4Fg and Ar. C;F and C,F3 are polymerizing gases
that help to make sidewall polymers to protect the etched contact sidewall. Additional tuning
gas, such as Oz, CF4, C4F¢, C4Fs, Ar, or a combination of these gases, may be supplied to the
edge of the substrate to improve the etch uniformity at the very edge of the substrate. In one
embodiment, the flow rate may be between about 1 sccm to about 20 sccm. Another
example is photoresist ashing where oxygen is the main reactive gas in photoresist ashing.
Therefore, O, can be used as tuning gas in the embodiments described herein. The flow rate

of O, tuning gas may be between about 1 sccm to about 20 sccm in one embodiment. The Oz

tuning gas can also be diluted with an inert gas, such as He.

[28] Figure 3B shows a process flow of using a tuning gas at the substrate edge to improve

etch uniformity at the very edge of the substrate. At operation 301, an etching gas (or gas



the central tuning gas plenum 153. The tuni ng gas

supply channels 154 intersect with the edge tuni ng gas
wohkeoTesazb2 at junctions 159. On the top surfaeeTady®7/004225

tuni ng gas plenum and al so at the bottom of the tuning

gas injection channels 151 are the bottons of tuning

gas injection channels 151b. The tops of the tuning

gas injection channels 151t and the tuninggas

injection channels 151 are also shown in Figure 2. As

shown in the Figures 2, ther& coul d be many tuni ng gas

injection channel s 0 di t he nunber
iR GRReR H DS HATTHEPDST FHE/1p SHGLED P Hisertoch o from
thPRWistdBution M) lhind 26 Groml th@ltﬁﬁhé ¥as ihja:EtuBnJlihléhg A@speration 303, an
i nj ection _channels are cg I nders wi

1S BBHS o BEREHS HATED LB O SEHe oNenciDJBFgEon of the

iR g4l AERErafat ﬂﬁ@ubﬁa&@dk@fﬁﬂ*ﬁﬂ%ﬁse&% ét8h OniforMity at the very
However, the tuning gas_injection channel 0 _not . haye d
edgg oh@ibetate G e Pkl chypiealy; the sappoRy H%f%‘é?‘l‘ysfsﬂ?f € devices

thé} afORRNIATabLMO hiRdo BRRRry dd3e o€ HeQabsiRR ndnFuskbigu l-BwEver, the edge
shows that the tuning as i njectign chan el§ 15 oi nt

nopEPEMIEN RS ETIRP 29e S0 e o B v bR With the

infrdHHcHich 8A%he RihRE!dadNthe RARN BbBuditdmil§ d’étﬁtbengéﬁgs @fiptoved, or even
point toward the center of the substrate. As long as

copppletelhglimErdi51 point to the edge (or circunference)

B i S50 G S SRR SR S e
THRUBShE giseinj edfiéh EHABhIMJcGaSR vised ﬁataapbuye@brt ghsc:@ ﬂterragmn 126 below the
tunlngﬁ? pl enym 153 flrshl}o u E% i but elow the
subgieq, iR priiest feporiian @ gioh by el BL e exforied et P2
subdtEd €403 AIrSth\EmBollige O the TBiihg @hs Miecath ahzgﬁdlswsew iofdrilled at an
circle 125 of Figure 1. In this enb dlmentb QF %m 90
anglgsP frﬁfre@s.vaﬁweh%mh& Thesangle P cay PFI elPeR 2o ﬂ?ﬁfeee tg-about
de%{)eggnpgf@raﬂﬁrﬂeh%h a@éﬂt%O)&e%r-géﬁo%BQ\Lt%OQieﬁ%@s DELDSHNEB Bf the tuning

degree to about degr ees tgreferablyé bet ween
gaainigetion) cragels ek 1Boaf£ft§éﬁjfh53‘é}f9§§@'i‘ @fsthe TRt gaybeing gyried on the

suggheaté 409 eﬂeﬁirﬁ&f’féc%rhmg RSl & difrihibe ﬁéa? tﬁeh%cksme of the

Irection of th ning gas being carried on
edge lof theasubssaief dde, to “the fhating rseinjegtipn @hgmﬁ]@\,@ Stlﬁé are below the

su{)é{ kD948 aSTHeStogé SF rtﬁr}%’é &gk ﬂf}&&loﬁ heasfte dPdct ttiiLE inert gas toward an

strate. etunln aSIS directed toward a re

expPBiaBEve 12he! BariERe ¢ seriratsagd right beiewshinedach he substrate to
pridRinf gtcﬁ‘ 'bg rﬁr&ﬁ?@&&eﬂn@tb@ eﬂ%ﬁ@d%kloﬁ HAREG 1081 66 cde cﬁﬂhe substrate 140

exanE processi ng gas for HARC i ncl udes gases
tosthers :aspr@ludu(a:backedﬁ depesiimy. 2 REIAPY DrodRctyRalEneD) Apposited on the

baRPLYBE isGihBBted2RE Salled bevel polymer, is very hard to clean and can generate
particles. Inert gas, such as He or Ar, can be supplied to the tuning gas injection channels
151B. In one embodiment, the inert gas can be flowed at a total flow rate between about 10

sccm to about 200 scem.

[30] Figure 3D shows a process flow of using the tuning gas at the substrate edge to
prevent substrate backside etch by-product deposition. At operation 305, an etching gas (or
gas mixture) is supplied to the plasma process chamber from the main gas source, such as
from the gas distribution plate, and an inert gas is supplied from the tuning gas injection

holes to the exposed region below the edge of the substrate. At operation 307, an etching



that help to nmake sidewal|l polyners to protect the

etched contact sidewall. Additional tuning gas, such
wa00@9seF4, CAF6, C4Fg, Ar, or a conbi nati on 8€THISE®E/004225

gases, may be supplied to the edge of the substrate to

i nprove the etch uniformty at the very edge of the

substrate. In one enbodi nent, the flow rate may be

bet ween about 1 seemto about 20 seem Another exanpl e

I s photoresist ashing where gxygen is the main

reactive gas in photoresist é%hing. Therefore, O2 can

be used as tuning gas_in the odi-nents descr.i be
Plpsgpacis generqied py amratgethsﬂem%ﬁﬁgﬁﬁg Jednerhgass 8?%@‘&#‘3 exposed
re%?ﬁ :r!»Elova 86 e8Ed 6F 1B Gustra® t& PRt thOach byasiueefbm dEP6siting in the

u

ni.ng gas can, al so be dil ut |th an inert. gas, .
AT P IR I RTETR R -
exipdicddedoh BBIoROthe RFgAbf thb Guisstat] Eh ®ygaigRict GepoBibA e that exposed

et ch unifornitg at the veréggg%e of the substrate. At

regign cait Posreatyiredugyd oF eqmige J¥asni xture) is
supplied to the plasma process chanber frgmt maj
B3he P fReipt R HETPBA FROEES GRS 15 HORDRE AL Rhate from o
botideh adeSsh OF @B EiinYetl Rhi $e GR8d iafy grbdesdind)@haBber At Even non-plasma
operation 303, etching plaspa i s generated. by, .
PrRRREIPE FEPTEIES LioadPr %@@fl&?& B B0 SHaHes 6t Gpligh sy coneept. For
plhdiga protdshigg hember/vhe plachia Ediiré @h behadwtibs tcapdcitivedge combination

can be i ncreased and etch uniformty at.the ver e .
otdfots HEER PR GR T nBiovBEP A AP e Hgef o processing
anyOfypeI oF absiatey, meRdRES bithsotdaviteie®, shaicoadieton dubstrates, flat panel
. ,.ahbout éo mmto the very edge of the substrate
digpavsfed 898 Pasliever, the edge non-uniformity affects

to 20 to 30.mmfromthe very e .of th .
8D bRt T Rredind PrerBh i dp SRS i sae eail for purposes of
clatg Fdgderstanding)iif auilinbe wpgaaent bleat geaaih [changep mod edhdifarations may be

even. cappl etel y el im nated. 9] . Fi,gur e ha :
Praten SR kD ayRs o B Bhler bl b Mgl B e ambodiments
ar®fio bé gukiderkd af Hinstrativieragd gaisrestriftdet arghthe ineventidrsis cattolbe limited to

used.t o .supply.inert to.t region 126 bel .
g s B B Bl e guet. B o bt By Sl of e
appendddelsmposed regi on 126 bel ow the substrate 140. In

this enbodi nent, the tuning gas injection channels 15

IBis drilled at an angle b fromthe vertical axis X

The angle b can be between about 0 degree to about 90

degrees, preferably between about 30 degrees to about

-60 degrees. The angle b of the tuning



gas injection channels 15 I B affects the direction of
the inert gas being carried on the substrate surface
wand7ogrref ore affects how the inert gas is di scriusmioedo4225
near the backside of the edge of the substrate. The
tops of the tuning gas injection channels 151B are
bel ow t he substrate 140. The tops of tuning gas
i njection channels direct the inert gas toward an
exposed region 127 at the ed of the substrate and
right bel ow the edge of the substrate to prevent etch
Wagtgc duc% enterlng t he exposed region 126 bel ow t he
ge of € substrate 140 to t hereby precl uding
backsi de deposition. Etch by-product (polyner)
deposited on the backsi de of substrate, also called
bevel polyner, is very har d GleimEean and can generate
particles. Inert gas, such as He or Ar, can be
supplied to the tuning gas injection channels 15 |IB.
1.I n oAelasmb pdicaesivig chinimber, coomprisjes can be flowed at a
total flow rate between about 10 seemto about 200
seem subsdte Ripporteodipustirnsecaiveracobsmitd, kodv of usi ng t he
tuning gas at the substrate edge to prevent substrate
backasi gslewk cinghevipgodplntalidepdgdst dhammelsAllefoiee rtadreiaNthd @bnular ring
an etching gas (or gas mxture) is supplied to the
prokiasata tqao owss eddraoiibe shlysoatetsoppornaml fhesansolar cieg iscaipled to the
as fromthe gas distribution plate, and an inert gas
substratel spppcel the pimralite dfugas rharges beipge conmeateddbem tdget gas plenum
exposed region bel ow the edge of the substrate. At
suppoanding dire SWbsiratarsuppahithg pligesge plenuge hengt @andpped to a central gas
powering the electrode(s) and the inert gas is
plemjne dispobetl avithireamsinpasibd cergriofthexmbsimte svpped geowdh 4 plerality of gas
substrate to prevent the etch by-product from
supplyadhdrietsg i n t he exposed regi on bel ow the edge of the
substrate. Wth the introduction of the inert gas in
t he exposed region bel ow the edge of the substrate,
etch by-product deposition in that exposed region can
2.be dJrheaplhisma pderssidg ochamlenpf elbid [l ywhdreini thaplachlity 8fgasThennels are
concept of the injection of tuning gas toward the edge
cybihddidad agd st diametefsrafitha ploctiityonf gasgihomedd atelbetvedeardeut 0.3 mm to
can be used any processing chanber. Even non-pl asna
abonotewsi ng chanbers used for depositing or etching
substrates can utilize this concept. For plasna
processi ng chanber, the plasma source can be

i nductive, capacitive or a conbination
3. The plasma processing chamber of claim 1, wherein each of the plurality of gas

channels is pointed toward the center of the substrate at an angle between about O degree to

about 60 degree from a vertical axis of the each of the plurality of gas channels.

4. The plasma processing chamber of claim 1, wherein there are at least 12 gas

channels.



of both inductive and capacitive. The concept of the

i nvention can be used for processing any type of
weubstmwst7es, i ncluding, but not limted to, PCT/US2007/004225

sem conduct or substrates, flat panel displays and

sol ar panels. [32] Although the foregoing invention

has been described in sone detail for purposes of

clarity of understanding, it will be apparent that

certain changes and nodifications nmay be practiced

wi thin the scope of the appeﬂged cl ai ms. Accordingly,

the present enbodi nents, ar 0 _be considered as
5.1 1 oS AT RGP RL et RGP HGOTF eFarl et G Supply
not to be limted to the details given herein, but nmay

dified wwthin the scope and equi val ents of the

appended clains. What is clained is: Cains 1. A plasna
processi ng chanber, conprising: a substrate support

confjgured to receiv subhstrate; . and an annular. rin
6ot T BSGar etk Shag® SE Rl ot near Aoalrty 8f ghs chinels are
the annul.ar rin roxj mate to an,outer edge, of the
QIR et B TR e t6 e r it b Rrrepot Bl g of an edge
%Ee ubstrate support, the plurality of gas channels
° ?ﬂg“gﬂﬁnected to an edge gas pl enum surrounding the

substrate support, the edge gas plenum bei ng connected
to a central gas plenum di sposed within and near the

center of the substrate support.through a plurality of .
Tgas. BifoBlegtarmntianeE o eHebn Aol oY GREgs R P eHEE fining ges
.of claiml1, wherein the plurality of gas channels are
m&(?‘f’?sr?dll?aé’a?neé’ﬁ%cefsh’ég Bifameters of the plurality of gas

channel s are between about 0.3 mmto about 5 mMm 3.

The plasma processi ng chanber of claim11, wherein each

8 cent Lie Brrordine a7 SR ot BB e Rk Bl Y BF bty Hinets are
coglglg{:\r%gftg ?dhfg?tg%}“g% gtqag Q%Sg églrgl%? ﬁg ﬁlﬁ Selg(tgcl.)s%gl regl)érll %ef%];v aFup gdge of the

substrate.

C

9. A tuning gas assembly for a plasma processing system, comprising;:

an annular ring having a plurality of tuning gas channels defined therein, the annular
ring approximate to an outer edge of the substrate support and the annular ring is coupled to
a substrate support in' the plasma processing system, wherein the plurality of tuning gas
channels supply a tuning gas approximate to an edge of the substrate support;

an edge tuning gas plenum, wherein the plurality of tuning gas channels are
connected to the edge gas plenum surrounding the substrate support; and

a central tuning gas plenum disposed within and near the center of the substrate

support through a plurality of tuning gas supply channels.



4. The plasma processing chanber of claim1, wherein

there are at least 12 gas channels.5. The plasma
worow@esiTng chanmber of claim 1 wherein there aPeTals2007/004225

| east 6 gas supply channels. 6. The plasma processing

chanber of claim1, wherein the plurality of gas

channels are configured to direct a process- tuning

gas to be carried to a region above a surface of an

edge of the substrate. 7. Th pl asma processi ng

chanber of claim1, wherein tﬁe processing tuning gas

e BB T BB i
oAl @a??t“e e L e RSB B sous 03

theé& rate. 9. A tuning gas assenbly for a plasm

%@nsystent conpri sing: an annular ring having
a plurality of tuning gas channel s defined therein,
the annul ar ring approxinate to an outer edge of the
subst rat e, support a

1Ly po e, BoremhY Si} et B0t o BE Ryl S fning gas
B A o t%gvie%gttxu@o s
TR N TR —

edge gas plenuntsurrounding t he substrate support; and

a central tuning gas pIenuntdisposed wi thin and near
enter of the b 0

U T g et BTG GACIoGh SV JPRaR AARB G 2 st 37 i i hanmels

gas assenbly of cIa|n19 wherein the plurality of

tuning gas channels are cylindrical and the dianeters

{Ebout iRttt 55 91 ToStRE B R gf et & Bilhe gas supoly

assenbly of claim9, wherein each of the plurallty of
APy gas channels is pointed toward the center of
the substrate at an angl e between about 0O degree to

14.  The tuning gas assembly of claim 9, wherein the plurality of tuning gas channels are

configured to direct a process tuning gas to be carried to a region above a surface of an edge

of a substrate supported by the substrate support.

15. The plasma processing chamber of claim 9, wherein the plurality of tuning gas

channels are configured to direct an inert gas to be carried to an exposed region below an

edge of a substrate supported by the substrate support.

16. The plasma processing chamber of claim 10, wherein the plurality of tuning gas

injection holes are configured to direct the tuning gas to be carried to an exposed region at

the edge of the substrate and right below the edge of the substrate



about 60 degree froma vertical axis of the each of
the plurality of tuning gas channels. 12. The tuning

wgaso7avsenbly of claim9, wherein there are atpPCEas001B04225
tuni ng gas channels. 13. The tuning gas assenbly of
claim9, wherein there are at |east 6 tuning gas
supply channels. 14. The tuning gas assenbly of claim
9, wherein the plurality of tuning gas channels are
configured to direct a proceig tuning gas to be
carried to a region above a rface of an edge of a
substrate supported by the substrate support. 15. The
pl asma processi ng chanber of claim9, wherein the

lurality of tunin s chanpel s are configured to .
Vi e imetod ReiEpigDe RS BATG 61 o o J s i h Plasma
bel ow an edge of .a substrate suppqrted by the
e @ppriehe!

PrecRSERS hamben, samprising gre processi ng chanber
of claim 10, wherein {he plur

) i . of ni.n S
i nj SUPPISIEHPERSSSS B CBPM| &% stiion alae Fﬁﬁm‘?arﬁbﬁ&e a substrate
gas to be carried to an exposed region at the edge of

SUpptsubstrate and right bel ow the edge of the

substratel7.. A nethod of inproving.plasma.uniformty, .
at OSBRSS PPN (U PR BrodURgURgE o tming ges

chanber, conpri si ng nethod operations of:, s | vin
RS & 1550 0Pt BP RIS AL PRI BP0 A ED i brtne plasma
above a_supstrate s§£port' cont.e %gﬁgil i

; h . :
PRSNG| bR FDIGIEC L A G T T GBIy YFtiR g e e i

cont ai ni n t |least ope conpgnent of the processing
sugRie s SRPpeghBr g ARE st v BRetaniy
chanber towards an outer edge of the substrate
aher Bn P R P et R shr SRR B s chagber.
pl enum di sposed within the substrate support; and
generating plasma by powering at | east one el ectrode

in the process chanber, 18. The.nmethad of claim 17, .

18 er 'él?qﬂlelfstﬁgs 103 ﬁ*aHﬁ aghfrﬁx&tg% gtgléngt 873 1Bc|:rge§5ﬁ%lh§ éﬂ%sln%aydeél?lty at the
Hpe end, of the substrate.

end of the substrate.



