. WD 03/ 034463 PCT/ US02/ 32057 13 APR 2006 -1 TUNABLE MJLTI - ZONE GAS

*1 NJECTI %ﬁﬁg&gﬂ Field of the Invention 5 The present i nﬁf@#@ﬁzﬁ&' hi ALR 196

a systeman met hod for delivering reactants to a sub a plasm
processi ng system for sem conductor substrates such as sem conductor
‘wafers. Mre particularly, the present invention relates to a system and

a nethod for injecting gas froma | ocalized region over the center of the
substrate to naxim ze processing uniformty and efficiency. 10 Background
of the Invention Vacuum processi ng chanbers are general ly used for etching
or chemical vapor depositing (CVD) of materials on substrates by
suppl yi ng process gas to the vacuum chanber and applying a radio
frequency (RF) field to the gas. The nethod of injection 15 of process
gasses into the chanber may have a dramatic effect on the distribution of
chem cally reactive species above the substrate surface and thus the

overal | process.mmﬂgﬁ)w(gﬁgiwwfgm transport systens
are comonly used to ensure even distribution of the process gas over the
substrate. In the case of inductively coupled plasma etch chanbers, for
exanple, the evolution of etched features is largely 20 governed by the
spat i aFleld df genbiwentidensity of these reactive species over the substrate

and_the distribution of _energet ic ions i n&i de&o‘i? tf&fl substrate. U S
Pat2nt No. Ahe@IesgpbnyentionIpaies & a systeragd agn QPRI VEESTPACHRE r owave

apparatus f.0 t.chi ng _an itiondn which C S..J ed by

condui %osa ﬂfhﬁhﬁ@dﬂ aﬁgﬁ%ﬁ@ggﬁﬁg|s§fg$m;ow%%18§gc}tﬁgﬁcsﬁ§%gg%suéli?genqi ng over a
POT { i Olerfibor it UpREFA Mlord baRiculPAEPlesdi. nfontia réldts s Sifek et 2l

di scl oses a gas injector artrangengnt 1hcluding a plurality of gas supply
nozzl es npdsid fopigjecting gasifrom allodalizedf reinedver ithe eentrrof cid substratelst antial |y
perpendi cul ar to the substrate wherein inert (rather than process) gas is
i nj ect BAXEHER REisessing vaifprantygnd efficiegnber ceiling. The gas supply nozzles
at 1(SIpper 13 APR 2006

Backeround of the Inventio

Vacuum processing chambers are generally used for etching or chemical vapor
depositing (CVD) of materials on substrates by supplying process gas to the vacuum
chamber and applying a radio frequency (RF) field to the gas. The method of injection

15  of process gasses into the chamber may have a dramatic effect on the distribution of
chemically reactive species above the substrate surface and thus the overall process.
Showerhead gas injection and diffusive transport systems are commonly used to ensure
even distribution of the process gas over the substrate. In the case of inductively
coupled plasma etch chambers, for example, the evolution of etched features is largely

20 governed by the spatially dependent density of these reactive species over the substrate
and the distribution of energetic ions incident on the substrate.

U.S. Patent No. 4,691,662 to Roppel et al. discloses a dual plasma microwave
apparatus for etching and deposition in which process gas is fed by conduits mounted
on a side wall of a processing chamber, extending over a portion of the substrate. U.S.

25  Patent No. 5,522,934 to Suzuki et al. discloses a gas imjector arrangement including a
plurality of gas supply nozzles positioned in a plurality of levels in a direction
substantially perpendicular to the substrate wherein inert (rather than process) gas is
injected through the center of the chamber ceiling. The gas supply nozzles at upper



. WD 03/033163 PCT/ US02/ 32057 -2 levels extend further toward the cen% gr of
*the substrate than those at lower levels. The injection holes are I dddRes
at t he WP 8¥@+H6nds of the gas supply nozzles. These sysPERIUSOHBWSEffective
in delivering the process gas to the region above the substrate. However,

“because the conduits extend over the substrate surface between the
substrate and the 5 primary ion generation region, as the ions diffuse
fromthe generation region toward the substrate the conduits can cast
shadows of ion nonuniformty onto the substrate surface.. This can lead to
an undesirable loss in etch and depésition uniformty. Oher approaches

enpl oy gas supply conduits which do not extend over the subst ,El'%tge
sur f adevels gatend fustheryoward the, cemter o shecibsarate M Boss dawereels.odhet chi ng
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Herak et al. illustrates a plasma CVD tool including a plurality of gas injection conduits

15  that feed separate process gases. One set of conduits is mounted in the lower chamber
wall with gas delivery orifices located just outside the periphery of the substrate support
and at the distal ends of the conduits. These conduit arrangements can Cause process

 drift problems as a result of heating of the ends of the conduits.
"New Approach to Low Temperature Deposition of High-quality Thin Films by

20  Electron Cyclotron Resonance Microwave Plasmas," J. Vac. Sci. Tech, B, Vol. 10,
pp. 2170-2178 (1992) by T.T. Chau et al. illustrates a plasma CVD tool including a gas
inlet conduit mounted in the lower chamber wall, located just above and outside the
periphery of the substrate support. The conduit is bent so thaf the injection axis is
substantially parallel to the substrate. An additional horizontal conduit is provided for a

25  second process gas.. The gas injection orifices are located at the distal ends of the
conduits. Injectors with the orifices located at the distal ends of the injector tubes may
be prone to clogging after processing a relatively small batch of substrates, e.g., less
than 100. This injector orifice clogging is detrimental as it can lead to nonuniform
distribution of reactants, nonuniform film deposition or etching of the substrate, shifts



than 100. This injector orifice clogging is detrinental as it can HQPﬂmiﬁ%
nonuni f I, 84:r i bution of reactants, nonuniformfilmd ek r
etchinggﬁyb¥ﬂ%ﬁ§ubstrate, shifts 13 APR 2006 WO 03/0344E§£ékﬁ#%@82/32057
-3 in the overall deposition or etch rate, as well as econonic
inefficiency vis-i-vis tool downtine due to required maintenance.

Various systens have been proposed to inprove process uniformty by

i njecting process gas at sonic or supersonic velocity using, for

exanpl e, a single nozzle ainmed at IH3.the center of the substrate as
di scl osed in comonl y-owned U.S. Patent No. 6,230,651 to N et al. Oher

schene ] ] r ] . ' | butd smal |
ol os. Bt g0 SRR, ol AR ol Beffichaby BARRARY, 000,
| pr OV&OWﬁI?ﬁ@H’jlyﬁ) @ natfdiahtd €s over the substrate but requires the
presence of a conducting gas distribution and baffle system which may
degr ade i ndWatibwesysreuplavg besirproposedao dmprie porovessumiforpritydwsinjecting
contam nation. U S. Patent No. 4,270,999 to Hassan et al. discloses the
advant preessfgap a} sanid orgSupprsoniesislagity aising ofor gxarsple, atsinglenerzlecsimed at on

applications af .sonjc velocity. Hassan e al .. no th t att.ai nment
of Json C%“I“BE%F‘V SP#%%@%%@&&M%W@%&%%B@%cé;ﬁ}()géglf romthe
vacuum_ t I .U i g hl e SH L 15 and
VAU ] Lt SRl lindEA R o PRRRR ST WA Ysiitghe 15 ot
subst r ghfll holkk Sesigtdl 9% prddice SupfetsbnitShjdcBokaThidaks shdedesin cafliimplaiees _
el ongat ed supersonhic spray nozzles that spray reactant gas al supersonic

vel oci tegctivewseudral demsitiesjiover thy subsyrategbut mequires et praseace ofe condiuckieg ext end
fromthe chanber wall toward the substrate, with each, nozzle tip having
a gas EassHstribugmanddafiie system wineh way degrada,igdugtivg coppling, 0 be 943, 345

20t o Asnmussen et al . disfcll oses a plasnma CVD apparatus i ncl uding

suer SEFE HJFIrES Conpmingnp | ng excited gas at the substrate. U S
Pat ent No. 5,4 6}t d. A, EE59%PHo Bhssan & 41 CAiOI6Es R %&g%fﬁﬁé&ﬁﬁg! ets for

CvD. Wile these systens are intended to inprove proceSs uniformty,
they spibtess ghssdrfoi plasida awhaad sepesitivh fpplivations ansdnyc edlocigi. nHasstn et he
orifices at the distal ends of the injectors, which can adversely affect
fil m al. notes that the attainment of sonic velocity in the nozzle promotes an explosive

&

discharge from the vacuum terminus of the nozzle which engenders a highly swirled

15  and uniform dissipation of gas molecules in the reaction zone surrounding the substrate.
U.S. Patent No. 5,614,055 to Fairbairn et al. discloses elongated supersonic spray
nozzles that spray reactant gas at supersonic velocity toward the region overlying the
substrate. The nozzles extend from the chamber wall toward the substrate, with each
nozzle tip having a gas distribution orifice at the distal end. U.S. Patent No. 4,943,345

20  to Asmussen et al. discloses a plasma CVD apparatus including supersonic nozzles for
directing excited gas at the substrate, U.S. Patent No. 5,164,040 to Eres et al.
discloses pulsed supersonic jets for CVD. While these systems are intended to improve
process uniformity, they suffer from the drawbacks noted above, namely clogging of
the orifices at the distal ends of the injectors, which can adversely affect film

25  uniformity on the substrate.

Several systems have been proposed to improve process uniformity by injecting
process gas using multiple injection nozzles. Commonly owned U.S. Patent No.
6,013,155 to McMillin et al. discloses an RF plasma processing system wherein gas is
supplied through injector tubes via orifices located away from the high electrical field



:25 uniformty on the substrate. Several systens have been proposed t%

i nprove process uniformty by injecting process gas using multipleld APR 2006
i nj ect MEhOMBPHBes. Commonly owned U.S. Patent No. 6, 013?%@15‘)%/80 MIlin
et .al. discloses an RF plasma processing systemwherein gas is supplied

t hrough injector tubes via orifices |ocated away fromthe high electrical
field G WD 03/034463 -4 PCTI US02/ 32057 |ine concentrations found at the
distal tip of the tubes. This arrangenent mnim zes clogging of the
orifices because the orifices are | pcated away from areas where buil d-up
of process byproducts occurs. U S "Patent No. 4,996,077 to Mdslehi et al.
di scl oses an electron cyclotron 5 resonance (ECR) device |ncluding gas

i nj ecliner congenteatigesifonand an the: distabip ophertybest Ehis arprgemens MIYMHEES Y| de

uni form di stributjon of non-pla ases. JThe npn-pl asma, gase are
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to direct thﬁgp%gﬂéggl g‘ilg:g gas onto the substrate surface to be processed.
U S. BHREBRTS REPIost ?, to Myazaki et al. discloses a multi-wafer non-

10 pl asma G\ mRRANGY. US996 71 MBsBhivéd'al.i didllos8an ElBRLI cyelbRoRavi Ng a
plurality of ‘gas injection holes along a |ongitudinal aXis. The

i 15 eciek@ianbe (FCR pddvéredinaluding gdsdnjettorsgirtanged atound dee périphenabfa boat
supporting a plurality of substrates to introduce gas into the chanber.
Si mi | sbktyate vy provideruniformalistribgtion ghnon-plagas skegudhe NOR-PIAsSMaga8es oses  a

plurality of vertical suppl.y tubes,w t.n. gas eni ssi hol. ong the
gt are et U5 feguge parteip cBnbBiitanab Rt s iied0RcH¥ el it e

descrj he | | supplies. The primary supply
I nj ec‘ltu;s?1 %‘%gm?é%ar sm%@béetﬁ%gtdr]g?%o@%e@h%ﬁ&s?écondary supply injects gas

at the perigpkepyef Nbhs, 2581388 Miyaddkeegdsdiscipsdsiagaulti-wpfeenomt separ at e
assenblies and are fed fromseparate gas supply lines that may carry 20

di0f f eplestha GAXD apparatme sichdinga vegticakgas supplp miles kayingwiphenés of 288s sour ces
and injection holes along a longitudinal axis. The injection holes extend along the

longitudinal side of a wafer boat supporting a plurality of substrates to introduce gas

into the chamber. Similarly, U.S. Patent No. 4,992,301 to Shishiguchi et al. discloses

a plurality of vertical gas supply tubes with gas emission holes along the length of the
15 tube.

U.S. Patent No. 6,042,687 to Singh et al. describes a system with two
independent gas supplies. The primary supply injects gas towards the substrate and the
secondary supply injects gas at the periphery of the substrate. The gas supplies
represent separate assemblies and are fed from separate gas supply lines that may carry

20  different gas mixtures. Other systems comprising independent gas sources and
independent gas flow control are disclosed in U.S. Patent Nos. 5,885,358 and
5,772,771

With the industry trend toward increasing substrate sizes, methods and

apparatus for ensuring uniform etching and deposition are becoming increasingly

25 important. This is particularly evident in flat panel display processing. Conventional
showerhead gas injection systems can deliver gases to the center of the substrate, but in
order to locate the orifices close to the substrate, the chamber height must be reduced
which can lead to an undesirable loss in uniformity. Radial gas injection systems may

not provide adequate process gas delivery to the center of large area substrates typically



i_independent gas flow control are disclosed in U S. Patent Nos. 5, 885, H53006
and 5, 2‘7(% 370§}463Wt h the industry trend toward increasi ngcflﬁg@tﬂrﬁg.,e

si zes, ne %o s and apparatus for ensuring uniformetching an 3eposition
are becomng increasingly 25 inportant. This is particularly evident in
‘flat panel display processing. Conventional showerhead gas injection
systens can deliver gases to the center of the substrate, but in order

to locate the orifices close to the substrate, the chanber hei ght nust be
reduced which can lead to an undesig.able loss in uniformty. Radial gas

I njection systens may not provide adequate process gas delivery to the
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Fai r bai rn eTh@hboveahentioned Fairbliisrttad.cpatent alsolischosasia shoverbeddon system i n
which injector orifices are |located on the ceilinﬁ of the reactor. 5
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reactor supplied with process gas by a central port having a flared end
i n it schanbenalThe gaslissupplisdatbivard ahighatensitysplasma régioper i phery of the
chanber. U S. Patent Nos. 5,525,159 (Ha [ .al. 5,529, 627 (1lshii),
5,580, 385 Ioraddifignde the systems %?%W,ﬂg?@@g?‘é%ar?ﬁt%}.a‘%f‘séﬁ»@4t°(l shi zuka et
al..) di,sclose.pl asma r t ' C by a
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coupl egh ed"enli € it§ RGTEN and\BRIralityOf POfts abNRitREBerfifierpbpitiedi Ny a
uni f or m‘@%‘gg??iia%ut I on éf gas acros;@g sltgbs?Pat e are disc oggd I n
chamber. U.S. Patent Nos. 5,525,159 (Hama et al.), 5,529,657 (Ishii), 5,580,385
(Paranjpe et al.), 5,540,800 (Qian) and 5,531,834 (Ishizuka et al.) disclose plasma

chamber arrangements supplied process gas by a showerhead and powered by an

15 antenpa which generates an inductively coupled plasma in the chamber. Apparatus and
systems for providing a uniform distribution of gas across a substrate are disclosed in
U.S. Patent Nos. 6,263,829; 6,251,187, 6,143,078; 5,734,143; and 5,425,810.
In spite of the developments to date, there still is a need for optimizing
uniformity and deposition for radio frequency plasma processing of a substrate while
20  preventing clogging of the gas supply orifices and build up of processing by-products

and improving convective transport above the substrate.

Summary of the Inyvention

The invention provides a plasma processing system which includes a plasma
25  processing chamber, a vacuum pump connected to the processing chamber, a substrate
" support on which a substrate is processed within the processing chamber, a dielectric
member having an interior surface facing the substrate support, wherein the dielectric
member forms a wall of the processing chamber, a gas injector extending through the
dielectric member such that a distal end of the gas injector is exposed within the



U S. Patent Nos. 6,263, 829; 6,251, 187; 6, 143,078; .5, 734, 143; and 13£PR2%6
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~processing of a substrate while 20 preventing clogging of the gas supply
orifices and build up of processing by-products and inproving convective
transport above the substrate. Summary of the Invention The invention
provi des a plasma processi ng system which includes a plasma 25
processi ng chanber, a vacuum punp cponnected to the processing chanber, a
substrate support on which a subsftate is processed within the
processi ng chanber, a dielectric_ nmenber having an interiqr surface
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i Gducplasned ytaeaoprecesRcanbstaye. Thersysgin is peeferablyex highalemsitpplasmad i nt o t he
chanmber to energize the process gas into a 5 plasma state to process the
substhgmical VRROTS§eposifpn SYSHB O a2ugh depsiy laseapishiRe HistEMa  cheni cal vapor

depositio emor a high densiit et chi St The RF ener
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can include a center gas outlet (on-axis zone) extending in an axial
d0r eceveral gax putetizondsarFor dnstanse othe @ae quiels ta iickide atgates gasovtdate and a

pluraJity, of angled, gas outl.et ff axis,zones),  extendi.ng at acute
Png) dobgis ARk PR B HAl Srre o pEREBHICRA FLbE Epeeatiiefa to
| Pr QY E LBt AAH 4 Ylurality of angled gas outlets (off axis zones) extending at an acute

angle to the axial direction. The injector outlets are positioned to improved uniformity

of reactive species over the substrate. A single gas supply is split to feed each of the
15  injection zones.

Gas injection can be partitioned between one or more than of the injector outlets
using variable flow restriction devices in each of the separate gas lines that supply the
different injection zones. By independently varying the setting of the flow restriction
devices, the ratio of flows through multiple zones can be varied in order to create jets

20  of varying size and at various angles with respect to the axis of the process chamber.
This balance between on and off-axis injection determines the convective flow field
downstream from the nozzle tip. This flow field can be used to modify the total flow in
the chamber, which includes convective and diffuse components. As a result, the
spatial density dependence of reactive species can be modulated with a goal of

25  improving process uniformity.

The gas injector can inject the process gas at a subsonic, sonic, or supersonic
velocity. In one embodiment, the gas injector includes a planar axial end face which is
flush with the interior surface of the dielectric window. In another embodiment, the

gas injector is removably mouated in the dielectric window and/or supplies the process
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restriction devices in each of the separate gas lines that supply the
different injection zones. By independently varying the setting of the
flowrestriction devices, the ratio of flows through nmultiple zones can

be varied in order to create jets 20 of varying size and at various

angles with respect to the axis of t-he process chanmber. This bal ance

bet ween on and off-axis injection determ nes the convective flow field
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arr anggmgpls. For exanple, the gas injector can include a closed distal
end and the gas outlets can be oriented to inject process gas at an acute

angl e r el at Theeinventiompalsnpropaienh nesthddoofaplagtnppecssingrd awerat t he
substrate. In the case 5 where the gas injector is renovably nmounted in
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vel | gfas tdjectpr exesding ehrohghnhe dielectric member such that a distal end of the gas
injector is exposed within the processing chamber, the gas injector including a plurality

F

of gas outlets supplying process gas into the processing chamber, and energizing the
15 process gas into a plasma state by inductively coupling RF energy produced by an RF
energy source through the dielectric member into the processing chamber, the process
gas being plasma phase reacted with an exposed surface of the substrate. According to
a preferred embodiment of the invention, the outlet holes in the injector are fed by
multiple gas supply lines, which are fed by a single gas source. The fraction of total
20 flow through each of the supply lines may be varied with a control valve arrangement,
€.8., a network of valves and throttling elements located outside the plasma chamber;
thus, the flow pattern in the chamber is modulated by varying the ratio of conductances

for each injection zone within the injector.

25 ief Description e
Figure 1 fllustrates a plasma processing system according to the present

invention.
Figures 2 a-b show details of a two-zone injector supplied process gas by a
single main gas supply which is split to independently feed gas to both injection zones.
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gas into a plasma state by inductively coupling RF energy produced by an
RF energy source through the dielectric nmenber into the processing
chanber, the process gas being plasna phase reacted with an exposed
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conduct | gk EBtFver 45 sl BT L BS 8h B RmEE IR Aol B bR BR cor S 1 n
an inﬁﬁﬁédv\if‘én}éhﬁéﬁl‘iﬂoﬁgyr%é§”a reactor using a gas injection arrangenment

in accordance with the present invention. 5 Figures 4 a-c show the effect
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Figures 8 a-b show that mean etch characteristics can be tuned by adjusting

process gas flow ratios.

15  Detailed Description e Preferr dimen

The present invention provides an improved gas injection system for plasma
processing of substrates such as by etching or CVD. The injection system can be used
to inject gases such as gases containing silicon, halogen (e.g., F, CI, Br, etc.), oxygen,
hydrogen, nitrogen, etc. The injection system can be used alone or in addition to other

20 reactant/inert gas supply arrangements.

According to a preferred embodiment of the invention, a gas injection
arrangement is provided for an inductively coupled plasma chamber. In the preferred
arrangerment, a gas injector is centrally located in an upper wall of the chamber and one
or more gas outlets direct process gas into the chamber above a semiconductor substrate

25  such as a wafer or flat panel display to be processed. The gas injector in accordance
with the invention can improve center-to-edge uniformity and mean etch or deposition
characteristics, e.g., critical dimension (CD), CD bias, profile and/or profile

microioading.
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outlets designed to create jets of varying size and at varying angles with respect to the

axis of the process chamber, e.g., the injector outlets are preferably positioned to
improve uniformity of reactive species over the substrate. Optimal gas injection and
hence optimal process performance can be achieved by adjusting the ratio of flow

15  through the injector outlets. In a preferred implementation the ratio of flow through
on-axis and off-axis outlets may be varied. This balance between on-axis and off-axis
injection determines the convective flow field downstream from the nozzle tip. This
flow field can be used to modify the total flow in the chamber which includes
convective and diffuse components. As a result, the spatial density dependence of

20  reactive species can be modulated. The injection scheme is thus tunable, and
furthermore minimizes significant contamination of the injector and gas injection lines .
via diffusion of plasma species generated in the interior of the chamber by maintaining
at Jeast a minimum flow of process gas through the outlets. For example, it may be
desirable to maintain choked flow through the outlets. The injection scheme also

25  provides the ability to tune gas injection for optimized performance with a single set of
hardware. For example, for different etch applications (and different recipe steps
within an etch application) that demand different ratios of on-axis to off-axis flow for
optimum uniformity, the gas injection scheme allows for variation of this ratio without

tool modification.
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processing regime. For instance, in the case of single wafer processing, the number,

size, angle of injection and/or location of the outlets within the chamber can be adapted

15  to a particular antenna design used to inductively couple RF energy into the chamber,
the gap between the upper wall and the exposed surface of the substrate, and etch
process to be performed on the substrate.

Figure 1 shows a plasma etch reactor 10 such as the TCP 9100™ made by Lam

Research Corporation, the assignee of the present application. According to the

20  invention, the gas injector is mounted in an opening extending through the dielectric
window. The vacuum processing chamber 10 includes a substrate holder 12 providing
an electrostatic clamping force via electrostatic chuck 16 to a substrate 13 as well as an
RF bias to a substrate supported thereon and a focus ring 14 for confining plasma in an
area above the substrate while it is He back-cooled. A source of energy for

25  maintaining a high density (e.g. 10"-10" ions/cm®) plasma in the chamber such as an
antenna 18 powered by a suitable RF source and associated RF impedance matching
circuitry 19 inductively couples RF energy into the chamber 10 so as to provide a high
density plasma. The chamber includes suitable vacuum pumping apparatus (not shown)
connected to outlet 15 for maintaining the interior of the chamber at a desired pressure
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5 the exposed surface of the sem conductor substrate. In accordance Wt
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thickness geometries. A high density plasma is ignited in the space between the

Ognd

15  substrate and the window by supplying suitable RF power to the antenna 18. After
completion of etching of an individual substrate, the processed substrate is removed
from the chamber and another substrate is transferred into the chamber for processing
thereof. p

The gas injector 22 can comprise a separate member of the same or different

20  material as the window. For instance, the gas injector can be made of metal such as
aluminum or stainless steel or dielectric materials such as quartz, alumina, silicon
nitride, silicon carbide, etc. According to a preferred embodiment, the gas injector is
removably mounted in an opening in the window. However, the gas injector can also
be integral with the window. For example, the gas injector can be brazed, sintered or

25  otherwise bonded into an opening in the window or the gas injector can be machined or
otherwise formed in the window, e.g. the window can be formed by sintering a ceramic
powder such as ALO, or Si;N, with the gas injector designed into the shape of the

window.
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electronic controls. By independently varying the settings of the flow-restriction

devices 36a and 36b the ratio of flows through the two outlets 24 and 26 can be varied.

15  Alternative implementations include multiple outlets and variable flow-restriction valves
and/or networks of fixed restrictors and valves, which would enable the total
conductance to each injection zone to be adjusted to one or more preset dynamically
controlled values.

In the Figure 2a embodiment, the center gas injection outlet is shown as a

70  continuation of central bore 25 which allows the bore/outlet 24,25 to be used for
interferometry measurements. For example, the upper end of the bore 25 can be sealed
by a window 27 arranged to communicate with monitoring equipment 29 such as a
lamp, spectrometer, optical fiber and lens arrangement as disclosed in U.S. Patent No.
6,052,176, the disclosure of which is hereby incorporated by reference. In such an

25  arrangement, the on-axis outlet has a larger diameter than the off-axis outlets, e.g., 1
cm on-axis outlet diameter and 1 mm diameter off-axis outlets. In the Figure 2b
embodiment, the on-axis outlet has a smaller diameter than the bore 25. The relative

sizes of the on-axis and off-axis outlets can be selected to achieve a desired gas flow
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The rel ative . . ) .
injector. As shown in Figure 2¢c, the conducting shield 40 can be designed as a tbular

15  element such as an annular ring or an open ended cylindrical jacket. The shield can
optionally comprise an electrically conductive coating on the side and/or top (e.g. 40")
of the injector. The conducting jacket may be electrically grounded or floating in order
to further reduce electric field strength inside the injector depending on the proximity of
other grounded and RF driven conducting surfaces.

20 Figures 3a-c illustrate the impact of injector flow ratio on reactive species
densities in an inductively coupled plasma reactor which includes a gas injector 22
mounted in an opening in the window 20 (increasing reactant density contours are
shown by arrows A and increasing product density contours are shown by arrows B).
In Figure 3a, the flow restriction devices (not shown) are set to direct the gas supply

25  mostly through the on-axis outlet. In Figure 3b, the flow restriction devices (not
shown) are set to direct the gas supply mostly through the off-axis outlets. In Figure
3c, the ratio of the supply gas flow through the on-axis outlet and the off-axis outlets is
tuned to produce flat density contours for both the reactant and product reactive

species. These diagrams do not account for interaction between the injection flow
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with respect to the axial direction, more preferably 10 to 60°.

The most preferred mounting arrangement for the gas injector is a removable
15 mounting arrangement. For instance, the gas injector could be screwed into the
window or clamped to the window by a suitable clamping arrangement. A preferred
removable mounting arrangement is one in which the gas injector is simply slidably
fitted in the window with only one or more O-rings between the window and gas
injector. For example, an O-ring can be provided in a groove around a lower part of
20  the gas injector to provide a seal between the gas injector and the opening in the
window. If desired, another O-ring can be provided in a groove in an upper part (not
shown) of the gas injector to provide a seal between the gas injector and an exterior
surface of the window. |
The gas injector advantageously allows an operator to modify a process gas
25  supply arrangement for a plasma etch reactor to optimize gas distribution in the reactor.
For example, in plasma etching aluminum it is desirable to distribute the process gas
into the plasma rather than direct the process gas directly towards the substrate being
etched. In plasma etching polysilicon it is desirable to distribute the process gas into
the plasma and direct the process gas directly towards the substrate being etched.
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process gas into the interior of the chamber such that the gas is provided in a desired
distribution scheme. As an example, the process gas can include 100 to 500 sccm of a
15 mixture of Cl, and HBror CI, only, or HBr only, with or without a carrier such as He
and/or an additive such as O,.
In processing a semiconductor substrate, the substrate is inserted into the
processing chamber 10 and clamped by a mechanical or electrostatic clamp to a
substrate support. The substrate is processed in the processing chamber by energizing a
20  process gas in the processing chamber into a high density plasma. A source of energy
maintains a high density (e.g., 10°-10" ions/cm’®, preferably 10'°-10" ions/cm®) plasma
in the chamber. For example, an antenna 18, such as the planar multiturn spiral coil, a
non-planar multiturn coil, or an antenna having another shape, powered by a suitable
RF source and suitable RF impedance matching circuitry inductively couples RF energy
25  into the chamber to generate a high density plasma. However, the plasma can be
generated by other sources such as ECR, parallel plate, helicon, helical resonator, etc.,
type sources. The chamber may include a suitable vacuum pumping apparatus for
maintaining the interior of the chamber at a desired pressure (e.g., below 5 Torr,

preferably 1-100 mTorr). A dielectric window, such as the planar dielectric window 20



window. |If desired, another O-ring can be provided.in a groove in ahd APR 2006
T upper part qgnot shown) of the gas injector to provide a seal between the
gas i njRIYPHId an exterior surface of the window. Th&CFASOP/R0&Tt or
advant ageously allows an operator to nodify a process gas 25 supply
arrangenment for a plasma etch reactor to optimze gas distribution in the
reactor. For exanple, in plasma etching alumnumit is desirable to
distribute the process gas into the plasma rather than direct the
process gas directly towards the substrate being etched.- In plasm
etching polysilicon it is desirabl d6to distribute the process gas into
the plasnma and direct the process gas directly towards the substrate

bei ng oftutiffiereh thivRnesy (3 dGBplhaeTy diseettia aasdow ispravideddetweeni the auenna may

i nvol ve sel ecting a _gas injector which extends a de irﬁg dits ance bel ow
t he i ARand &erintesior of theRprogessingwhamberol) mﬂchwééheawgﬁﬁ UPRPL GSs outl et
arrangenent. ha ii dependi ng on the etching process, the nunber of gas
out | e PLCEISHR CE]aHttt&fign of the gas outlets such as on the axial end and/or
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I njection O can ~selected to provide = opfinum etching
resul escribed alfocRIPIe probess pagdsaneliidd reaetiie gassdsandroptionaivhayricr gaspsr f or

| arger size substrates. The gas injector can be used to plasnma etch

al umi suoh 4syAs. nPae to smal] locifioe size 9nd nyaber oft gastoudetsna &rBS PIesFUre he chanber

such that the gas is provided in a.desired, 10 distr.ibution scheme. As an
exanmpdiferenial B%@@@iﬂpg%we%&eﬁ@? Hﬂ@t%O@%ttBeﬁbﬁn clP&eB‘Pf-a%% xture of C12

and BCl3 gr O . d Shanbes Gt al so be
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di stribution schene. As an exanple, the process gas can include 100 to
500 schokedf senid Rowi attthe gasodutleis? IidesitdBy therin@ridr onifige 06 theHgds ovdety, with or
wi thout a carrier such _as He and/or an additive such as0O,. In processing
a senicahelcentoured o providesupeHOni fipy ataghodtlethserted into the processing

chamber 10 a0d: & BIBRsteRy o dTR6HEVefb8ly Bnitilsit pRShA' ko pediiBihg 2
the gas outlets. In the case of deposition of materials such as doped or undoped silicon
dioxide, such a design prevents plasma decomposed gases such as SiH, from entering

15  the injector from the interior of the chamber. This avoids subsequent formation of
amorphous silicon residues within the gas outlets. The plasma processing system
according to this embodiment can provide an increased deposition rate and improved
uniformity on the substrate, compared to conventional gas distribution systems, by
concentrating the silicon-containing process gas above the substrate and by

20 preferentially directing the process gas onto specific regions of the substrate.

According to the invention, etch uniformity of metal such as aluminum,
conductive semiconductor materials such as polysilicon and dielectric materials such as
silicon dioxide inﬁluding photoresist and selectivity to underlying materials using
halogen and halocarbon based chemistries can be improved. In contrast, conventional

25  injection through a showerhead incorporated in or below a dielectric window can result
in nonuniform etching across the substrate, e.g., “center fast resist etching”, which can
lead to poor control of the etched features and profiles, and differences in features at
the substrate center and edge. In addition, polymer formation on the showerhead can

lead to undesirable particle flaking and contamination on the substrate. Other problems



substrate support. The substrate is processed in the processing ch ﬁbﬁR 2006
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- 109-1012 ions/cnB, preferably 1010-10 2 ions/cnB) plasma in the chanber.
For exanple, an antenna 18, such as the planar nmultiturn spiral coil, a
non-planar nmultiturn coil, or an antenna havi ng anot her shape, powered by

a suitable RF source and suitable RF inpedance matching circuitry
i nductively couples RF energy 25 in_tlg_the chanber to generate a high
density plasma. However, the plasma“Ccan be generated by other sources

such as ECR .parallel plate, helicon, helical.resonator, etc,, ,.type
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reactive intermediates and chemical radicals to the substrate surface, including both etch
species, such as atomic chlorine and fluorine, and polymerizing species, such as C,F,H,
gases, e.g., CF, CF,, CF,, etc.

15 As the substrate size increases, so does the need for center fed gas. Injection
systems supplying gas from gas ring arrangements cannot provide adequate process gas
delivery to the center of large area substrates typically encountered in flat panel
processing. This is particularly true in bottom-pumped chamber designs commonly
found in plasma processing systems. In the case of plasma etching, without center gas

20  feeding in accordance with the invention, etch by-products may stagnate above the
center of the substrate in which case transport is essentially through diffusion alone.
This can lead to undesirable nonuniform etching across the substrate. According to the
invention, process gas is injected within the plasma region facing and in close
proximity to, the center of the substrate. For instance, gas outlets of the gas injector

25  can be located far enough below the inner surface of the window such that the gas
outlets are immersed within the plasma. The gas outlets are preferably located such
that there is adequate diffusion of the ions and neutral species in order to ensure a
uniform etch or deposition rate. Accordingly, the gas injector can be located in a
region where the azimuthal electric field induced by the TCP™ coil falls to zero, which



di oxi de, such a design prevents plasma deconposed gases such as Si HA 3fARBr006
“enteri %15 the injector fromthe interior of the chanber. This avoids
subseq¥én®343d#63at i on of anorphous silicon residues wit RCEUSHZIWAS
~outlets. The plasma processing system according to this enbodi nent can
provi de an increased deposition rate and inproved wuniformty on the
substrate, conpared to conventional gas distribution systens, by
concentrating the silicon-containing process gas above the substrate and
by 20 preferentially directing the process gas onto specific regions of
the substrate. According to the i'ﬂlgention, etch uniformty of netal such
as alum num conductive sem conductor materials such as polysilicon and
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shower head arrangenents include the additional costs associated with
provi di ng Hsingthpymmersebgassiniagtaratlews for iadenepdent sglegiien af:&'6§§mﬁhe wi ndow,
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rep €ss etc. contrast, ge injection via a gas
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on the chanber walls. Photoresist to oxide selectivities are typically
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substrate. In addition to improving the delivery of the reactants, the gas injector
facilitates efficient transport of etch by-products out of the substrate region, which can

15  favorably impact etch uniformity and profile control, particularly in chemically driven
applications such as aluminum etching.

The gas outlets can have any desired shape such as uniform diameter along the
entire length thereof or other shape such as conically tapered, flared surfaces or radially
contoured surfaces. The gas outlets can be oriented to inject the gas in any direction,

20  including directly at the substrate, at an acute angle with respect to the substrate,
parallel to the substrate or back toward the upper plasma boundary surface (at an
oblique angle with respect to the longitudinal axis of the nozzle), or combinations
thereof. It is desired to achieve a uniform flux of chemical radicals and reactive
intermediate species onto the substrate surface to facilitate uniform etch and deposition

25  rates across the large area substrate. If desired, additional gas injection arrangements
can also be provided near the periphery of the substrate or from other chamber walls.

Preferably, no sharp corners exist at the distal end of the gas injector in order to
reduce local electric field enhancement near the tip. However, there may be cases

where such field enphancement can be advantageous.
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will mnimze any
used a Cl,/HBr/O, flow mixture at a total flow of 420 sccm and a chamber pressure of

10 mT. The RF antenna (top) power was 800 W, with a -155 V bias on the bottom
15 electrode. The injector angle was 60°.

EXAMPLE 2
Silicon etch depth statistics (mean, standard deviation, and range) were
measured as a function of on-axis:off-axis gas flow ratio. Figurt':s 5a-c show etch rate
20 profiles for a gate etch process wherein Figure 5a shows the effect of higher on-axis
gas injection and Figure Sc shows the effect of higher off-axis injection. Predominately
on-axis flow conditions produced an etch depth of 1299 A+27 A (£+2.1%) and a range
of 74 A (+1.0%) (see polysilicon etch results in Figure 5a). A mixed gas flow
condition produced an etch depth of 1295 A+23 A (+1.8%) and a range of 76 A
25  (3+1.0%) (see polysilicon etch results in Figure 5b). Predominately off-axis flow
conditions produced a dramatic improvement in etch uniformity (see polysilicon etch
results in Figure 5¢). Under the off-axis flow conditions, the mean etch depth was
1272 A+14 A (£1.1%), with a range of 41 A (+0.53%). The silicon etch used an
HBr/O, flow mixture at a chamber pressure of 40 mT and a bottom electrode



the gas injector in the ion flux to the substrate. _Using the irrrrerséc-f 5%52005
“injector allows for independent selection of the center gas feed

| ocat i VO &HeB4dde chanber aspect ratio. This facilitates PETISO/EI057
utilization of process gas and inproves process gas delivery to the
central region of large area 10 substrates with m ninmal disturbance to
plasma uniformty. This configuration is also advantageous because

| ocating the gas outlets close to the substrate increases the convective
transport relative to diffusive transport in the region inmedi ately above
the substrate. In addition to irrpr‘%ﬂri ng the delivery of the reactants,
the gas injector facilitates efficient transport of etch by-products out
of t haempdraturabg 60gThe REMritermadtop) pbwenwas ADOY W, widr a -820cW hias dor i t y
and profile control, particul arl)( in chemcally driven applications such
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conically tapered, flared surfaces or radially contoured surfaces. The
gas outlets can be oriented to gRjaagbrEhe gas in any direction, 20
including directly at the substrate, at an acute angle with respect to
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enhancenent . can. be .advant %%eous. WO 03/ 034463 19 13 APR 20?%
PCT/ Ugml@%g%m@ qf -3.4 nm, standard deviation of I.6 nm and range of 5.9 nm.

EXAMPLE 4
Figures 7a-b show photoresist trim CD variation as a difference between pre-

15  and post-etch for two different gas flow ratios. The use of tunable injection results in

better CD uniformity. The process used a Cl,/O, flow mixture with 100 sccm total

flow at a chamber pressure of 5 mT and a bottom electrode temperature of 60°. The

RF antenna (top) power was 385 W, with a -34 V self bias on the bottom electrode.

The injector angle was 45°. In particular, the results shown in Figure 7a provided a
20  mean CD variation of -49.3 nm, standard deviation of 2.5 nm and range of 9.1 nm

whereas the results shown in Figure 7b provided a CD variation of -47.6 nm, standard

deviation of 2.0 nm and range of 7.5 nm.

EXAMPLE 5
25 Figures 8a-b show polysilicon gate critical dimension (CD) variation as a
difference between pre- and post-etch for two different gas flow ratios. Figure 8a
demonstrates that the mean CD variation can be adjusted solely by adjusting the gas
flow ratios. A two step process using a Cl,/HBr/He/O, mixture was used: in step 1

the chamber pressure was 15 mT with 400 sccm total flow, 575 W antenna
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art without departing from the scope of the present invention as defined by the

following claims.



-20 tenperature of 600. The RF antenna (top) power was 1200 W with a
-320 V bias on the bottom el ectrode. The injector angle was 45. EXAVERE)
3 5 Figures 6a-b show polysilicon gate critical dinmension (CD) variation
as a difference between pre- and post-etch for two different gas fl ow
rati os. Increased on- axis flowis showm in Figure 6a in conparison with
i ncreased off-axis flow shown in Figure 6b. The use of tunable injection
results in better CD uniformty. 1%?barticu|ar, the results shown in
Figure 6a provided a nean CD variation of -3.9 Dm standard 10 devi ation
of 2.1 nmand range of 7.5 urn whereas the results shown in Figure 6b
provided a CD variation of -3.4 nm standard deviation of 1.6 um and
range of 5.9 nm EXAMPLE 4 Figures 7a-b show photoresist trimCD
variation as a difference between pre- 15 and post-etch for two different

gas f WHATKS GEAIMED IS:e of tunable injection results in better CD
uniformty. The process used a C12/02 flow m xture with 100 sccm tot al

flow at a chanber pressure of 5 nil and a bottom el ectrode tenperature of

60. The | RR ANRIMBcdss PRy RMRbmPASIng8S W with a -34 V self bias on the
bottom el ectrode.” The Injector anglé was 45. In particular, the results

shown in Fi gur ea PRspa pricgssangclembesan CD variation of -49.3 nm standard
deviation of 2.5 run and ran(%?] Ofdg'jthnm wher egs the rseuuét% sho(\?/"}_/p in
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post -etch for tadlieletthermambefabavinganriaterios surfacgufasingatheduibsinse suprat.t hat
the mean CD,variation can be. adjusted solgl ' ' the gas flow
ration A et B GledBlwifeBtHt Bl b Behrks 30 SR8 |0 023, 11T
step 1 the chaphgy ijék&SaktéhdipsSthidughithavtiielecdiOmemben such ahat fal distal dndSofW
antenna 1 3 APR 2006 WO 03/034463 , o _ ,
the gas injector 1s exposed within the processing chamber, the gas injector including a
plurality of gas outlets which are disposed within the processing chamber below the
interior surface of the dielectric member, the gas outlets supplying process gas at flow
rates that are independently variable between at least some of the outlets into the
processing chamber; and
an RF energy source which inductively couples RF energy through the dielectric
member and into the chamber to energize the process gas into a plasma state to process

the substrate.

2. The system of Claim 1, wherein the system is a high density plasma chemical vapor

deposition system or a high density plasma etching system.

3. The system of Claim 1, wherein the RF energy source comprises an RF antenna and the
gas injector injects the process gas toward a primary plasma generation zone in the

chamber.

4. The system of Claim 1, wherein the gas outlets include a single on-axis outlet in an axial

end surface of the gas injector and a plurality of off-axis outlets in a side surface of the



-21 PCT/ US02/ 32057 (top/inductive) power, and -138 V self bias on bol § d®R 2008
el ectrode; in step 2 the chanber pressure was 30 nlT with 575 sccmtotal
flow, 750 Wantenna power, -80 V self bias on the bottomelectrode. In
particular, the results shown in Figure 8a provided a nean CD variation

of 0.1 nm standard deviation of 2.4 rumand range of 9.5 M whereas the

5 results shown in Figure 8b provided a CD variation of 13.3 nm standard
deviation of 2.4 amand range of >89 nm The foregoi ng has descri bed the
principles, preferred enbodi nrents and nodes of operation of the present

i nvention. However, the inventio houl d. not, be construed 10 as in
1t ed T oS R PE BT A A ANRS Ol A SULEE GeivgaRplicEpuocess fas tfor 4
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than restrictive, and it should be appreciated that variations nmay be
made in t hedéehepriovidierasiiustabby gasoflitcerts thk phdard dutlet inslependently of thet off-axis
departing fromthe scope of the present invention as defined by the

fol | owi ng BP'i‘ft%m. 13 APR 2006 -22 WHAT IS CLAIMED IS: 1. A plasm
processi ng system conprising: a plasma processing chanber; a vacuum punp

connected to the processing chanber; a substrate support on which a
substrat® iThe pystane oBCkimilt whereinithe gasowtists iinrdudstaaenter gasoudierdaendingdingenber

having an interior. surface. facing the substrate.suppor.t rel .

i el oot 11 c b Hiestopd Aot gl f Qe sfpofito iR B M Ritwe ATFRAH AL, o,
ext endi ng higledgdy dullRtsix@indfiialdt Gn ARTD gl Ufthe bRiaL difectibfithe cafét gaf ouddie
gas injector is exposed wthin the processing chanber, the qas I nj.ector
i ncl udi ng aeceping pocess gas sypplied y efisstgas ne areé thy angdedepsypitlsisreedieing
Process! DOpRRALNES R R Yt ankDOE ey ] B65F bt Refephapl lceemgier
i ndependenfib thakimdEs sagpeen at | east sonme of the outlets into the

6. The system of Claim 1, wherein the gas injector injects the process gas at a subsonic,

sonic, or supersonic velocity.

7. The system of Claim I, wherein the gas injector includes a planar axial end face having
an on-axis outlet therein and a conical side surface having off-axis outlets therein, the on-
axis outlet receiving process gas from a central passage in the injector and the off-axis

outlets receiving process gas from an annular passage surrounding the central passage.

8. The system of Claim 1, wherein the gas injector is removably mounted in the dielectric

member and supplies the process gas into a central region of the chamber.

9. The system of Claim 1, wherein the gas injector includes at least one on- axis outlet
which injects process gas in an axial direction perpendicular to a plane parallel to an
exposed surface of the substrate and off-axis gas outlets which inject process gas at an

acute angle relative to the plane parallel to the exposed surface of the substrate.



processing chanber; and an RF energy source which inductively coupl 3 sk 206
energy through the dielectric nenber and into the chanber to energize
the process gas into a plasma state to process the substrate. 2. The
systemof Claim1l, wherein the systemis a high density plasma chem cal
vapor deposition systemor a high density plasma etching system 3. The
systemof Claim1l, wherein the RF energy source conprises an RF antenna
and the gas injector injects the‘%‘?'ocess gas toward a prinmary plasna
generation zone in the chanber. 4. The systemof Caim1, wherein the
gas outlets include _a single on-axis outlet in an axial end surface of
the gas ithjlesytemgfClaim) luP“E'Fieéfythﬁfgabﬁ‘ﬂqcé‘?{i'%feHIPcVP'élﬁé“‘f%teé igitheoneningdRe of
the 13 APR2086 72 i.nj-act : 5 X4
out 1 ot s bl g G ARa MBS AuuRall R Gect b Eln i FeGbL i es,
and seconddg@ghztrid membert he gas |ines including flow controllers which
provi de adjustable gas flow to the on-axis outlet independently of the
off-axis outlets. 5. The systemof Claim1, wherein the gas outlets

i nclude g q‘ﬁ@ts?{telﬂ%? At BIwRerbiandé RE é;cn@r Noufél BnpthisésSat RPAntenna in the

per pendi cul ar to the exposed surface of the substrate and a plurality of

angl ed gas faut bs plamat endomglaasr smrabhcorl enditiy gast iojectve 1mectalthel prosessi gas,

the center gas,outlet receiving process s gsupplied by a first gas line
and the an d@&%‘”@@fl’l@ﬁag@@&%\? gne ‘ﬂrthg‘g]?é'ﬁ{fgs froma second gas |ine,

the first and second gas lines receiving process gas fromthe sane gas
supply. 6. The systemof Caim1, wherein the gas injector injects the
process baghasydemob€tamind, whererm xsingle mapgassopply is/splo vite yultiple Bassupplst em

of Claiml, wherein the injector includes a planar axial end face
havi ng an’l‘8ﬁs-t8>§e§ptgﬁtgf‘%‘%’%feltﬁer ein and a conical side surface having
off-axis outlets therein, the on- axis outlet receiving process gas from

a central passage in the injector and the off-axis outlets receiving
process tadhersystemrofzblaim dr whersirathe ratio pbeasdlayy thraughctnleass sope 9§ tgegas

outlets is independently varied using variable flow restriction devices.

14. The system of Claim 1, wherein the ratio of gas flow through at least some of the gas

outlets is independently varied using a network of valves and throttling elements.

15. The system of Claim 1, wherein the gas injector is further provided with an electrically
conducting shield which minimizes plasma ignition within gas passages located in the gas

injector.

16. A method of plasma processing a substrate comprising:
placing a substrate on a substrate support in a processing chamber, wherein an
interior surface of a dielectric member forming a wall of the processing chamber faces
the substrate support,
supplying process gas into the processing chamber from a gas injector extending
through the dielectric member such that a distal end of the gas injector is exposed within

the processing chamber, the gas injector including a plurality of gas outlets which are



8. The systemof Caim1l, wherein the gas injector is renovably nounted
inthe dielectric nenber and supplies the process gas into a central
region of the chanber. 9. The systemof Caiml1l, wherein the gas in]@qppqwﬁ
i ncludes at | east one on- axis outlet which injects process gas in an
axi al direction perpendicular to a plane parallel to an exposed surface

of the substrate and off-axis gas tlets which inject process gas at an
acute angle relative to the plane'%g}allel to the exposed surface of the
substrate. 1 3 APR 2006 -24 10. The systemof Claim1l, wherein the gas

S ector s - Ced in th T in Cthe diel nt
and & vacutiiPeEd) e heas BE ABReT R°Habei RSt spiiscol g aiedRe”
di el ectri cni¥RibRE the gab outlbXe septviafpaicedd gak Mtd theWredesting thentdr, ener gy

source conprises an RP antenna in the formof a plapar or non-pl anar
spiral coil andceriellipgs thenjflowt mte jofjthetryogase 985 deetislegsone gfithel oytlets
primary plasma neration zone i.n the chanher ., 12. Th m .Cdaiml,
therei o o GrBreny A BoETAG o heprdestt BRRf pleABions BPe YRRE BTy 1 Mhes

to feed the gasemuigizRigthe pdcest@s Sk plis@h statebyninductiveBr @uplihgRFleaérgp of
gas flow through at | east sonme of the gas outlets is independently.
vari ed usi atpdueed Byithe RF snerayssourast theswshiahs dislectricymember uyos thenpraeestingi m

, Wher ei h [ f |, | :
outl oo 1 s chitfnds s chrfies¥ 8l bel AR B heac Bl ki B0l tErR ot e,

el ements. 35bstrdfee systemof Caiml, wherein the gas injector is further
provided with an electrically conducting shield which mnimzes plasm
ignition within gas passages |located in the gas injector. 16. A nethod

of plasng, ThOGR |G Aa ity P8 LR Qpe{;@#n%g%rg,g WL@&&H&@S 2 R¥tdnihRa Hh

substrate support I n a processing cha erein an 1Interior surface
of a di el e€drm of anlariae br hon-plangr spirabddil anfl thdygaspnjectes sijens sinandfehe pracess

t he substrate support; supplying progess . i.ntqQ the, processi ng chanber
froma gas SPHPERER AN SRIESHAUHE! LoAKE ﬁorewg%% @1%‘8‘@!‘?‘@ BeReEr e A o
distal end@f, 1f}G1925nd QrRah@ig'ife LHRASAHeW Lhin

18. The method of Claim 16, wherein at least some of the gas outlets inject the process gas in

a direction other than directly towards the exposed surface of the substrate.

19. The method of Claim 16, wherein the gas injector extends below an inner surface of the

dielectric member and the gas outlets inject the process gas in a plurality of directions.

20. The method of Claim 16, wherein the gas injector injects the process gas at a subsonic,

sonic, or supersonic velocity.

21. The method of Claim 16, wherein individual substrates are consecutively processed in the

processing chamber by depositing or etching a layer on each of the substrates.

22. The method of Claim 16, wherein the gas injector extends into a central portion of the
chamber and the gas outlets inject the process gas in multiple zones between the exposed

surface of the substrate and the interior surface of the dielectric member.



t he processing chanber, the gas injector including a plurality of Eas
outlets which are 1 3 APR 2006 -25 di sposed w thin the processing thafpails
bel ow the interior surface of the dielectric nmenber, the gas outlets
suppl ying process gas into the processing chanber; controlling the flow
rate of the process gas to at |east one of the outlets independently of
the flow rate of the process gas to at |east one other of the outlets;
energi zing the process gas into a‘%?asna state by inductively coupling RF
energy produced by the RF energy source through the dielectric nenber
into the processing chanber, the process gas being plasm phase reacted
with an exposed surface of the substrate. 17. The nethod of C aim 16,
uher ei n 31§ B eBRAY SCITAN L € S IRAER IS Rl e Béhalof Niis da3'oMin 2

pl anar or non-planar spiral’ coll and"the gas 1 njector 1njects sonme of the
process gé#® distalomghof thre ganigedtsr oudtal phtrabity ofioff @rtsrgas ombatesurmuniag theanber
and through off-axjs oput]ets to an annul ar, zone surr.oundin tq .gentral
zone. 18. ¥Fé 8%‘?‘!115’8 the ofFaxis gr3 ButlakhiBisSing the RTRCRst 83sdRe ‘I"aﬁ'ﬁé’ 3 rent
outlets injgelid,be process gas in a direction other than directly
towards the exposed surface of the substrate. 19. The nethod of C aim 16,
wherein the gas injector extends bel ow an inner surface of the

dielectrjc nber the gas outlets inject the proces as jn

ol ural i 13 SREqretind Hem b omRas e phsTasIcheasan A T aah v th thf syt
injector iRy : : j I £, }

vel oci ty. SR EoRARE ST CHET AN fas oyfCH B 1oL spHERI MRS
consecut i vehtjetpimeatmgdie gas inhalirepiacebshngnaiparsedichlar thetho skpaisad serface
etching a I? er ﬁn ach of the substrates. 22. The nmethod of C aim 16,
wherei n t h&8 T&SUPH*¥ct or extends into a central portion of the chanber
and the gas outlets inject the process gas in nultiple zones between the
exposed surface of the substrate and the interior surface of the

di el ect r2% Tiemsshod of Glapks. 200 rismg plamapiching: polisibeordayernnithe sultsrtei n
the gas Ourb!y ?rtlj%ctimréca! 'éhqgrir?e S 6rrbar|()m?nré'co%§irﬁn§§§s t?l\"éulgﬁta éerﬁtral gas outlet in an
axial direction which is perpendicular to the exposed surface of the substrate and through
a plurality of angled gas outlets surrounding the central outlet, the angled gas outlets

injecting the gas in directions oriented at an angle of 10 to 90° to the axial direction.

26. The method of Claim 16, comprising plasma etching a silicon oxide layer on the substrate
by injecting a fluorine containing gas through a central gas outlet in an axial direction
which is perpendicular to the exposed surface of the substrate and/or through a plurality
of angled gas outlets surrounding the central outlet, the angled gas outlets injecting the

gas in directions oriented at an angle of 10 to 50° to the axial direction.

27. The method of Claim 16, comprising plasma etching a polysilicon layer on the substrate
by injecting a chlorine and/or bromine containing gas through a central gas outlet in an
axial direction which is perpendicular to the exposed surface of the substrate and through
a plurality of angled gas outlets surrounding the central outlet, the angled gas outlets

injecting the gas in directions oriented at an angle of 10 to 45'to the axial direction.



the distal end of the gas injector and a plurality of off-axis gas

outlets surrounding the on- axis gas outlet, the off-axis gas outleﬂ§ APR 2008
injecting the process gas in a plurality of different directions. 24.

The nethod of C aim 16, conprising plasnma etching an al um num | ayer on

the substrate by injecting a chlorine containing gas through the gas
outlets, at |least sone of the gas Putlets injecting the gas in a

di rection which is not perpendicuT%r'to t he exposed surface of the
substrate. 25. The nmethod of C aim 16, conprising plasma etching a

pol ysi ligon, |l ayer o he bstrate by injecting a chlorine anpd/or

br omi ne Bonbaiciied BEm e agnpaiderEvat T5E8e atiedh Sre e afigpbiuate
direction whigbeting LALOANOEHHiIRNg tods HHSu@XPeSRA] §i bl iPhn kil sWhtsbhat e
and through a plurality of angle gas out | ets surroundi ng the central
outl et, thavhihgh perpgadiculat tocthe expaspé surfacg of the sybsiratgrandd/erebroughg phuralehit ed
at an angle,of .10 to to the,axi,al direction. 26. The t hod. of aim
%6, “compr1 of fpigt wishe B i uRE i seh et e e B IRicing w8 D,
inj ecting gadinlretithseRivhRint HMagdsof Irteugho hearil ddéct@as outlet in an
axial direction which is perpendicular to the exposed surface of the

substrate and/or through a plurality of angled gas outlets surrounding

e e AP ARk ok PR SR SHBESS) T e OB o,

The net hod sgfplindsito Iéed thopayduslesg pl asma et ching a polysilicon |ayer on
the substrate by injecting a chlorine and/or brom ne contai ni ng gas

through a central gas outlet in an axial direction which is

per pendi §d_‘g$£ rﬁe?lréci]gf @Féﬂﬁ’%ﬁdwﬁé}%fnatﬁg rfdlo (ﬁf%gs pgaﬁhm f aﬁregstts ﬁ\tglbgtlflhee@as

plurality angl ed gas outlets surroun e central outlet,

angl ed gas ookt atiidepenfi@tlyivagied hsingaariabte fthw astricaos devicesnt ed at an angl e
of 10 to 45to0 the axial direction. 1 3 APR 2006 -27 28. The nethod of
Claim 16, conprising plasma etching a silicon oxide |ayer on the

substr at 1 1 t A I ' ¥ gV as
R R e S e A
surface of otitters slibdépeatenthnatied usihg @ ugtwozk of vahak ang throtlirgeléreehtgas
outlets surrounding the central outlet, the angled gas outlets injecting
the gas in directions oriented at an angle of 10 to 45 to the axi al

di recti oy The method of Claim 16, wherein the ratio of gas flow through at least some of the gas

outlets is independently varied to etch a layer on the substrate.

33. The method of Claim 16, wherein the ratio of gas flow through at least some of the gas

outlets is independently varied to deposit a layer on the substrate.

34. The method of Claim 16, wherein the gas injector is further provided with an electrically
conductive shield which minimizes plasma ignition within gas passages located in the gas

injector.

35, A gas injector for supplying process gas into a semiconductor processing chamber
comprising:
an injector body which includes an axial end surface, a side surface and at least

first and second gas inlets in the side surface, at least first and second gas passages, and at



29. The nethod of Caim 16, wherein a single main gas supply is splitg AP 2006
into nultiple gas supply lines to feed the gas outlets. 30. The nethod

of Claim 16, wherein the ratio of gas flow through at |east sone of the

gas outlets is independently varied using variable flow restriction
devices. 31. The nethod of Claim 16, wherein the ratio of gas flow

through at | east sone of the gas outlets is independently varied using a
network of valves and throttling ei&ments. 32. The method of O ai m 16,
wherein the ratio of gas flow through at | east sonme of the gas outlets

i s i ndependent varied to etch | ayer on the substrate. 33.. The nethod
of Caim 13&5&5%@3@%%% saapwie%ﬁl_wgﬁét 25 B9spER RRTgRInut GAmUGiSALOR M e
gas outleys s ih&@cﬁg@nﬂfﬁﬁﬂlé{ ﬂse@é&)@ldhggs FRRR ek inaFE cOmulRafidPRIthat €.

34. The nethod of 6, wherein t gas 1njector 1s further provided
with an el detsecard inlet acdsatond ovdetsthie frsd anvhsecondrigas passagss btiag dmcietpiremon

W t hin gas ssages |l ocated.in the ga i.njectar. 35. ag injpectar for
Suppl vi g BROCHRS Geas parode Sdkpersiinne adirbiaie docrey il dupidh e Hs
conpri si Ngandechid 86l body which includes an axial end surface, a side

surface and at least first and second gas inlets in the side surface, at
| east first and second gas passages, and at 1 3 APR 2006 -28 |l east first

and seco as .oytlets,. t first gas .passa eing.ipn fluid .

cormunt ol TOR it S i 1%.athein 463 1BRF P L el oot o sinelp. -
passage behfg oufletf intintaxGA EBd Rufadd GMthwidiBotod BdySAEORE at FagiondnecsiricRsd
outlet, the first and second gas passagés being discrete from each other
so as to peotlétdempnsksparuality of Oﬁcﬁmﬁbtsenthwﬁqmge effthg iieciorrtodyh t he
first and second outlets. 36. The injector of claim35, wherein the at

| east one first gas outlet conprises a single on- axis outlet in an axi al

end surfacaneinjtdier fHlAmIT wheih @Bthjedier kidylifdsdesaptaraeaxigicenddsce agdhl et
conprises a plurality of off-axis outlets in the si de surface of the

i nj ect or beeyicalzrde spface.fieat lgpst one Srdigas Swlet (REIPEFIAL BREN AR Iibay

incl udes a pl AR 2 Eé'i‘z! fh%naq 15 RE En oy H&O&t&?korﬁgﬁﬁ@iﬁf BhE oufld€ irfthe

| east one f1rst gas outlet conprising ai on-axi's outlet in the
conical side surface, the on-axis outlet connected to a central passage in the injector and
the off-axis outlets connected to an annular passage surrounding the central passage. 38.
The injector of claim 35, further comprising an electrically conducting shield which

minimizes plasma ignition within gas passages located in the gas injector.

38. The injector of claim 35, further comprising an electrically conducting shield which

minimizes plasma ignition within gas passages located I the gas injector.
39. The system of Claim 1, wherein the system is a plasma etching system.
40. The method of Claim 16, wherein the exposed surface of the substrate is plasma etched.

41. The system of Claim 4, wherein the off-axis outlets are circumferentially spaced apart

from each other and the total number of off-axis outlets is 3 or 4.



axial end face and the at | east one second gas outlet conprising off-
axis outlets in the conical side surface, the on-axis outlet connett'éd’ s
to a central passage in the injector and the off-axis outlets connected
to an annul ar passage surroundi ng the central passage. 38. The injector
of claim35, further conprising an electrically conducting shield which
mnimzes plasma ignition within passages | ocated in the gas

injector. 38. The injector of claif™ 35, further conprising an
electrically conducting shield which mnimzes plasma ignition within

ohor o1 Ehane SR BF CaibisP SR Wfouy Sound SRR PaBe ot

16, wher ei foinhacksdesad tetdtalaRinter bieF-axbsttlad B 3isr 4! asma et ched. 41,
The systemof Caim4, wherein the off-axis outlets are circunferentially

spaced apart fromeach other and the total nunber of off-axis outlets is

out | ot s S SPERRIRBEE Bl A pigre R BEBIrSRs Byt BlRpsced A BbL Pol e Pihe 71 2

nunber of off-axis outlets is 3 or 4. 43. The systemof C aim4, wherein
the off-axis outlets are spaced 45 apart from each other.°44. The system
of O ai % The wpstermi of Glasn @B wagiesn Higt oiERes Hublets 5 sppced 43 apart frpngashch

ot her. other.



