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BACKGROUND
1. Field

[0001] The present invention relates generally to semiconductor manufacturing and, more
particularly, to methods of and apparatus for accessing a process chamber, wherein the access
may be optical access through an optical access window, and protection of the optical access
window from damage due to conditions originating in the process chamber is facilitated by an

improved two-piece configuration of an injector.

2. Description of the Related Art

[0002] Vacuum processing chambers have been used for etching materials from substrates.
and for deposition of materials onto substraies. The substrates have been semiconductor
wafers, for example. U.S Patent 6,230,651 to Ni et al. issued May 15, 2001 (assigned to Lam
Research Corporation, the assignee of the present application) is incorporated herein by
reference and illustrates an opening, or port, in a dielectric chamber window at a top of a
processing chamber to provide access to an interior of the processing chamber, for etching
and other processing of semiconductor substrates, for example. F 61' large diameter substrates,
center gas injection through the port of the dielectric chamber window was said to ensure
uniform etching and deposition, for example, thus improving the access to such processing
chambers.

[0003] waevér, as industry standards increased, further improvements were reguired to
provide even better access to such processing chambers. For example, there was a need to
monitor the processes in the chambers, which requires chamber access in addition to access
for gas supply. When monitoring an optical signal that may indicate a process condition in
the process chamber, an opening, referred to as a clear optical aperture, extended through the
dielectric chamber window. Such opening, or clear optical aperture, is configured with a

k]

straight unobstructed line of sight, thus “clear” is used to describe the optical aperture.

Difficultics arcse, however, when the clear optical aperture was physically open to the
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WO 2008/ 045146PCT/ US2007/ 013831 3 the cl ear optical aperture necessary to
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facilitates the multiple use. 100041 In the Second Prior Application this
m ni rum di aneter of the clear optical aperture was co bore
passages pfg%ﬁﬁgﬁﬁfﬁ shi el ded gas inlets descri bed, ng%HESMB%Uggﬁn u. S

Pat ent 6, 500,299, issued 12/31/02 to Mett, et al. Although nultlple ones of
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grains of dielectric materials such as ceram cs, and the passages are
defined by interconnected pores of the porous ceramc that do not provide a
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WO 20084 {4Rhd &IFGHA! Qp%%QaQJs/ 9o]r35§c%333ing a process chamber, wherein the access may be
~ simultaneous gas supply into the process chamber and clear optical access through an optical
access window into the process chamber, and wherein protection of the optical access
window from damage due to conditions originating in the process chamber is facilitated.
These embodiments fill the above needs by providing the benefits of the all-ceramic, single
piece injector of the Second Prior Application that provided multiple access (i. e.
simultaneous gas supply and clear optical access through one clear optical aperture) to a
process chamber, and by providing those benefits without the foregoing considerations, all
while facilitating geometric advantages of an improved injector.
[0008} Embodiments of the present invention may include a gas injector for a process
chamber configured with an optical access window allowing optical access to and from the
process chamber. A sleeve may be configured with a bore defining a path for gas and for the
optical access. The bore may be configured with an access area for flowing process gas and
transmitting an optical access signal having a desired signal-to-noise ratio (SNR). A septum

may be configured for reception in the bore, the septum being further configured to divide the



5 access area of the bore into at | east two separate access apertures. Each
of the at | east two separate access apertures nay be configured to
cooperate with the other access aperture to flow the process gas and to
transmt the j cal access signal having the desired t he
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a plurality of separate gas and optical access apertures between the process chamber and the
analysis tool. The dividing configures the separate apertures so that the apertures collectively

maintain the desired SNR of the optical signal transmitted to the tool while continuing to
provide the clear optical access,



Brief Description of the Drawings [0012] The embodi nents of the present
invention will be readily understood by reference to the follow ng detailed
description in conjunction with the acconpanying drawi ngs in which |ike

reference qﬁggo%h%_gesignate | i ke structural ele”E”ts1P%Qﬂmﬂ@?%§hﬂ: [ 0013]

FIG 1 is a schematic view of an enbodi ment of an apparatus o e present
invention for nultiple access to a process chanber, the access being
facilitated by an injector having an inproved configuration; [0014] FIG 2A
is a side cross-sectional view of an enbodi ment of a chamber w ndow havi ng
a port into which an injector of enbodiments of the present invention is
inserted, illustrating a shield in the port for protecting an access region
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enbodi neHESG WHEPnj ect or of FIG 2A, illustrating a t wo- pi ece i nj ector
configuration conprising the housing and a sleeve received in the housing,
and showi ng a septunlreceh%ed In the sleeve to provide inproved optical
access to the process cha EPfIkFeﬂmﬁPnFﬁﬂbﬁI@BVGH§SSC are cross-sectional

i f eEhodi . of H ken.on .Line 3A/B in
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optical fsi gniiplepeedsitb @Sirocess chamber, the access being facilitated by an injector having an
improved configuration;
[0014] FIG. 2A is a side cross-sectional view of an embodiment of a chamber window having
a port into which an injector of embodiments of the present invention is inserted, illustrating a
shield in the port for protecting an access region from an electric field and a housing recejved
in the shield as a first part providing the improved multiple access;
[0015] FIG. 2B is a cross-sectional view of the embodiment of the chamber window shown in
FIG. 2A taken on line 2B-2B in FIG. 2A showing a cross section of a multiple, gas and
optical access area of the injector;
{0016] FIG. 3A is a cross-sectional view of an embodiment of the injector of FIG. 2A,
illustrating a two-piece injector configuration comprising the housing and a sleeve received in
the housing, and showing a septumn received in the sleeve to provide improved optical access
to the process chamber;
[0017) FIGs. 3B and 3C are crdss-sectional views of the embodiment of the injector of FIG.
3A taken on line 3A/B in FIG. 3A showing in cross section a clear optical access area of the
sleeve (FIG. 3B) and in cross section clear optical access areas defined by a septum (FIG.
3C);
FIG. 4 is an enlarged cross-sectional view of the sleeve and septum shown in FIGs. 3A and
3C, iltustrating the septum dividing the clear optical access area into exemplary two multiple
access gas and optical signal apertures;
[0018] FIGs. 5A and 5B are plan views taken along line 5A/B in FIG. 4, illustrating
exemplary configurations of the septum shown in FIG. 4;
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0018] FIGs. 5A and 5B are plan views taken along line SA/I 4
i[I I us]trati ng exenplary configurations of the septumshown in FIG 4; WO f
2008/ 045146PCT/ US2007/ 013831 7 [0019] FIG 6 is a cross-sectional view o
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the housing and a corresponding end of the sleeve for mnimzing partic F
generation in the injector; [0020] FIG 7A is an enlarged cross-secthon?
view illustrating an upper end of the housing and a corresponding end o 4
the sl eeve, showing a flexure nounted on the sl eeve between the sl eeve an
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t he pr ess¢rve and an optical window fixed to the upper end of the housing;
[0021] FIG. 7B is a view similar to FIG. 7A, illustrating the flexure mounted on the sleeve
and compressed by the window, the compressed flexure urging the other end of the sleeve
against the interface sleeve for minimizing particle generation in the injector; and
[0022] FIG. 8 is a diagram of a flow chart 6f a method embodiment of the present invention.
[0023] Other aspecis and advantages of embodiments of the invention will become apparent
from the following detailed description, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles of embodiments of the present

invention.

Detailed Description

[6024] In the following description, numerous specific details are sct forth in order to provide
a thorough understanding of embodiments of the present invention. It will be apparent,
however, to one skilled in the art that the present invention may be practiced without some or
all of these specific details. In other instances, well known process operations have not been
described in detail in order not to obscure the present invention.

{0025] Embodiments of an invention are described including a gas injector for a process
chamber configured with an optical access window allowing optical access to and from the
process chamber. A sleeve may be configured with a bore defining a path for gas and for the
optical access. The bore may be configured with an access area for flowing process gas and
transmitting an optical access signal having a desired signal-to-noise ratio (SNR). A septum
may be configured for reception in the bore, the septum being further configured to divide the
access area of the bore into at least two separate access apertures. Each of the at least two
separate access apertures may be configured to cooperate with the other access aperture to
flow the process gas and to transmit the optical access signal having the desired SNR through

the optical access window.



“invention. Detailed Description [0024] In the follow ng description,
nunmerous specific details are set forth in order to provide a thorough
under st andi ng of enbodi nents of the present invention. It will be apparent,
however, to one skilled in the art that the present invention may be
practiced wobaapsssgne or all of these specific detail crius:@btbess _
instances, well known process operations have not been described in detai
in order not to obscure the present invention. [0025] Enbodi nents of an
invention are described including a gas injector for a process chanber
configured with an optical access w ndow allow ng optical access to and
fromthe process chamber. A sleeve may be configured with a bore defining a
path for gas and for the optical access. The bore may be configured with an
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to accurately indicate the process analysis. The method may also include an operation of
dividing the unitary gas and optical ac.cess path into a plurality of separate gas and optical
access apertures between the process chamber and the analysis tool. The dividing configures
the separate apertures so that the apertures collectively maintain the desired SNR of the
optical signal transmitted to the tool while continuing to provide the clear optical access.
[0027] FIG. 1 shows a schematic view of an embodiment of apparatus 40 of the present
invention for providing multiple access to a process chamber, such access facilitated by an
injector configured for simultaneous improved multiple gas injection and clear optical access
by process analysis and measurement tools, The access ig through an access region that is
protected from an electric field generated adjacent to a window of the chamber. The access
region may allow access to a semiconductor manufacturing process chamber, for example.
The electric field is applied to the process chamber adjacent to the access region through
which the multiple access is provided for the simultaneous exemplary gas injection and use of
the process analysis and measurement tools according to embodiments of the present
invention.
[0028] FIG. 1 shows the apparatus 40 including a vacuum processing chamber 42 having a
substrate holder 44 providing a suitable clamping force to a substrate 46 that is processed in
semiconductor manufacturing operations, for example. Such substrate may, e.g., be a
semiconductor wafer, or another base that is processed in making a device or component.
The top of the chamber 42 may be provided with a chamber window, such as a dielectric
window, 48. A port 50 is shown provided in the window 48 to permit the multiple access to
the interior of the chamber 42, such as by an injector 51 of embodiments of the present
invention.
[0029] FIG. 2A is a cross-sectional view of an embodiment of the window 48 configured
with the port 50, illustrating a port section SOE having a large diameter and a port section 508
having a smaller diameter. FIG. 2A also illustrates a shield 52 in the section S0E of the port



[ 0026] The descri bed enbodi nents may further include a nethod for optical
access to process events occurring in a process chanber. The nethod nmay

i ncl ude an operation of defining a unitary gas and optical access path
configured to carry gas and transmt an optical signal fromthe process
chanber tovam@padsysi S tool that operates in response tegrigsenosogsal havi ng
a desired signal-to-noise ratio (SNR) for process anal ysis. The defined
pat h configuration may be capable of transmitting the desired SNR that is
hi gh enough for the tool to accurately indicate the process analysis. The
met hod may al so include an operation gf dividing the unitary gas and
optical access path into a plurality of separate gas and optical access
apertures between the process chanber and the analysis tool. The dividing
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of the pmductwely couples RF energy into the chamber 42 through the window 48 to provide the
high density plasma for conducting the deposition or etching processes in the chamber 42.
During that coupling, the coil 60 generates an electric field (see lines 62, FIG. 1),

[0031] The facilities 54 may also require access to the chamber 48 via the access region 53
when the facilities include tools (referred to as 54T, FIG. 7B) that require access to the
chamber 42 for process analysis, diagnosis or measurement as described below. The access
by the tools 54T may be referred to as “optical access”, and may be directed by the tool 54T
along an axial path illusirated by an exemplary line AP in FIG. 2A. As an ¢xample of the
optical access, FIG. 2A shows an input optical signal, or signal, S-IN that the tool 54T may
configure as collimated white light. The signal S-IN may be directed by the tool 54T through
the injector 51 along the axial path onto a surface oft the substrate 46 (FIG. 1) that is being
processed in the chamber 48. As an example of process analysis, diagnesis or measurement,

one at a time, such surface may be of the substrate itself, or may be a structure (e.g., a dic) on

the substrate, and the surface or structure may modulate or otherwise change the signal S-IN,



WO 2008/ 045146PCT/ US2007/ 013831 9 for protecting an access region 53 from
an electric field. Spaced vertical dot-dot-dash |lines define an exenplary
cylindrical access region 53. The access region may thus be a

t hr ee- di nensi onal volunme within an exenplary hollow cylinder defined by

t hose | i nesvo bmsidseisenbodi mnent of the access regi on 53 pelrawmeormi3ghiG 2A,
the access region 53 extends into the window 48 and has a portion
co-extensive with the |large dianmeter section 50E, as described in the First
Prior Application, which has been incorporated by reference. FIG 2A also
shows the injector 51 of an enbodi nenfp of the present invention configured
with a large dianeter exterior section received in the section 50E and a
smal | diameter exterior section received in the section 50S of the port 50.
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nmodul at ‘H’@NP% @J%%Fr?g?é thrpugh ithyeriticsl acltsbss \M@iow 70 to the tool 54T (FIG.
2008104834 6P rédp2Qd 1113831 ST, and to the signal S-OUT transmitted out of the injector

through the optical access window 70 to the tool 54T, for example, this desired SNR is
defined as that required by the tool 54T for accurate process analysis, diagnosis or
measurement, for example.

[0033] The desired optical access (in response to a signal S-OUT having the desired SNR}
may enable the tool 54T to accurately indicate the processing of the substrate. In general,
this desired SNR may be typical of the SNR of a signal input to a monitoring tool 54T such as
an interferometer or spectrometer, for example. The bore 66 with the desired optical access
area 68 is thus configured to facilitate the monitoring by exemplary interferometric or

spectroscopic observation of chamber processes so that the signal S-OUT is representative of
the exemplary surface of, or structure on, the substrate,



For exanple, there may be a change in the anplitude, frequency or phase of
the signal as an indication of processing of the substrate. As changed, the
signal S -INis referred to as an output optical signal, or signal, S-OQUT
(FIG 2A), that may be enmitted fromthe chamber 48 and transmitted through
the injectQyoohs@seRy the optical path AP for receptionpchyshienienl 54T.

O her types of optical access may be provided, such as by using other forns
of the optical input signal S-IN (other than whi t e light), or by the
substrate surface, structure or process meking other changes to the signal
S-IN. Such other forns of optical access are included when references are
made herein to "optical access", or t¥d the signal S-IN or to the signal
S-QUT. [0032] FIG 2A also shows that the injector 51 may be confi gured
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tool 54T unable to accurately mdlcate the processing of the substrate. References herein to

“improved optical access” provided by the embodiments of the injector 51 indicate that the
injector 51 is configured to reduce such etching and coating of the optical window of the
injector 51, and to reduce the likelihood of the undesired plasma lighting up within the
injector 51, so that the SNR of each of the S-IN and the S-OUT may remain at the desired
SNR, that is high enough for the tool 54T to accurately indicate the processing of the
substrate, 1.e., to provide the above “desired optical access”.

[0035] Without the use of the shield 52, the electric field 62 may extend beiween tumns of the
coil 60 above the top of the window 48 and may extend in the window 48 through the port 50.
This generation of the electric field 62 without the use of the shield embodiments of the
Second Prior Invention tends to induce the undesired plasma in the port 50 within the access
region 53. For example, the tendency may be to induce the undesired plasma in the bore 66
through which the gas is supplied, as described below. The undesired induced plasma may

result in undesired deposition of particles on various parts within the process chamber 42,



100341 Wth input to the tool 54T of the signal S OUT being the desired
optical access providing the desired SNR, the SNR may be referred to as

bei ng "hi gh enough” for the tool 54T to accurately indicate the processing
of the substrate. Thus, the signal S-IN entering the bore 66 to be directed
onto the W&J@B&Qas arelatively high SNR that is "hi-ghsehorgks;, and the
signal S exiting the bore 66 and transmtted through the injector 51
and the optical access window 70 still has the relatively high SNR that is
"hi gh enough”, all absent the interference described bel ow Considering
interference, even if the bore 66 is configured to facilitate transm ssion
of the desired SNR and provide the de¥i red optical access, wthout the

i nprovenents of enbodi nents of the present invention the signals S-IN and
S-aJt LI | . may have a substantjally |ower than
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t he t oolachkd Bt R6ces uratel yv. indicate the processing
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deposi tv&ﬁﬁﬁﬁrﬁ‘ optical w ndow 70, reducing the SNR of each signal S-IN and
S- OUT, GaT TPt P8 e PrRsentgaTentaT rimyabe aistd tasahstaatialy avoiditeat e
t he progessemngcalfsed Bg sesDStdedic® pIRSLLH I Bsst Boioh BB opt i.cal
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i nj ect or’ 51 3°¢2LHH i%ﬁﬁ?rélifdt BelPRAUEKG s rshawe [ih grensss clermbiengviaflow he8 apt i cal
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undesi r 88eYs Fsivdctaivedria thoheussg ({GHA). tHE. 28006 Ss 1R iaQirsh Jianked: s8XAAPD! €,

t he tendeneyholBiYie RE rdeBivi u jred plasma,in the bore 66 through
whi ch the _ga(io,i sgsui)plaivgg?wg% g?@rf‘%ﬁ%f%glp(g@v.iﬁ%d B ERE FUpe T REGEeISpl asma
may resTRCEVFh IRiiRRe SMRR deeligpo80S.i GWhest thodiuisiok dis receiver inoths @y, taShotistagi N t he
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whi ch a8 HESHEiousing 5irads axe tesProsrss Shamibst 42hlas thgrextent St MeainfboSr GUT.
Even i fardhthelsbietd 88 overlgnkd gijecest 410isFagiih il AN 85 thegdesi red
SNR (€. Goerili 1t1%nbzl desired optical access area) . ar%n%{?e%%lr%&é%;cﬁmﬁl hiel d
52 is useoF, {-8 et the increased industry standards for access to the

pr ocessiogBIckiGish24 ahti2Ai siprak B Hdusl 90TPaMIRANSa] 2 LG WP gy ent i on
are nee&ﬁ%dﬁoﬁm@ihﬂh%\% br(ﬁdtiéﬁi'on (}I tge desi rled_SNFs, ai._e.?o,_ g@f@gt IT?l%e
signal S QUT s Input to fhHe tdETEHFINE AGpiy fgpr distrngon poBSEP4 The
enbodi nibptsadistribetepresengas (Rge atfirarzashay] (FGUSAYd Be SHRsAMMLMLBE! 4 |YQi d the
pr obl enRuGaHSSS. 32 Lreg, pl asma i nduced in the access region 52,
whil e pq?gvi g'isng ot ﬁgﬁégd\?g%?%a‘ées&d%&i?Egﬂi?%ﬁ’cﬁ%r reqepiion m bR dRYov bedyr ocess
chanber! 0% RoHna @ fiust ges suppbnbare 10RdoanEpyang GG BBt pdcesiNts &1 RNGL LM nal
axi s X @éribonb oA 80k Shd.dent L i f reference. In the use of

enbodi ment.s of the i nj’eg?g?é%%n%kg?%eesp%s%n tHF REURES Grmbeh e The figs 2as anet er
wi ndow S¥BRY | h9Fe SO yper aewlap én shape sividefice By fopnprlat gaté BEwehEe 22 GRRS S

regi on veadt BIwdott dhe bl €63 Qhd 2 oufel Girs h ope.end.of the shield 52

recei vgg ﬁnd hel g i !;!]jrt he large di arreatgérl§§§£,ta}cosrlleeg8'Ec}l5‘f/ 88 fhigdf seppiied £ 1y o
fully &S8P BEg 10R by Reom édn tejverll Womtithedradyri02. [ 0037] The injector 51 is
configured in two parts. A housing 90 is shown in FIG 2A and a sl eeve 92
is received in the housing (FIG 3A). FIG 2A shows that a |l arge di aneter
section of the housing is received in the section 50E of the port 50, and a
smal | diameter section is received in the small section 50S. Wen the
housing is received in the port, a housing shoul der 98 nay rest agai nst an
opposi te shoul der 100 of the port, so that an end 90E (FIG 2A) of the
housing extends into the process chanber 42. To the extent that the
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electric field 62. [0038] FIGs. 2A and 3A show that the housing 90 is
configured with a holl ow body 102. The end 90E of the holl ow body 102 is
configured with a plurality of gas distribution bores 104 that nmay
distribute process gas (e.g., a first gas) d (FIG 3A) to the process
chanber 42 \yi plyrality of nozzles 106. The sl eeve nfi gured
for recept i‘gdr)]%ﬁm{%?]% hol | ow body 102 to define a fi rst%g%gys{%gﬁlgﬁgllsgﬁbore 108
for supplying the first process gas G to the gas distribution bores 104,
and then to the nozzles 106 and the process chanber. The first gas supply
bore 108 may be annular in shape as defined by an annul ar space between an
inner wall 110 of the body 102 and an"out er surface 112 of the sleeve. The
gas G is supplied to the first bore 108 by a port 114 in the wall 110 of
t he body, : / S2007/ 013831 1 039] FI G 2A al so
Shove NS0T 1) ST o STOSBATY OhS BUESIRCR PRSI o5 M Re b e base 66 i
conf i gureafigited vethsesedtion 11¢Gxextmgdichgzehat swapad ahsdleapad @O Apindlds

(FIG 3 |t ri-hed ove, .L.he bore 6 s..configured
with t h/fng?gg 5%%%%%6%%%@3?%?%?3%? to ‘#Fraeﬁs‘"ﬁhﬁfﬁéeaoﬁ&ﬁ%@& By yrfigents | N
and S- OUY 'HAYNH dhe onticalesiznaddlS INRnd SR@UTHeviethe desittd GNE, Gihd @rdilién 1 8T Ves
this purfgp%ml{kggg,%sﬂs%u eshows that at the stepped shoul der 118 the
wal | 110 t he hol | ow body 102 becones thinner to receive the sleeve 92
and for n!P{R HSs 3pohews thmt atrths stappprbsiipuideo il 8t 4B 1 Bbepihe bHsw ot 162
shoul derbeta@feDfhiddRe tS1RENE R2s18Sve ' sheeve 92, 1.s ‘
confi gury g as_a hol l.ow tube havi n@Zﬁ{d:%ﬁgrtPgmgﬁ%ofggg%'Fl es%@f’?d ﬁlf?éllq%usi ng
90 is coﬁ i GAPEE L 2shauidss d 20 s tthe slgevie s epsisyribraiclorhelv g RheGleeve 9L He

sl eeve @Bnfifqwoed deld welywt bé hevier & 6Gwer R hag, .t Qre.66 is
partly surrounded. by the | ower e%d of thé'va?hilgzlAéﬁg%)tﬁdafrngpﬁﬁ%rgosuése t he
SPREred Fitk acseopnd BORt 184 i syppbr segond 535G o Bessiceya 920foridativargltc ed by

second p

t he bor éhéBoreess. DEIGHI A sticent thif OF Holke 69 5 pfly SUPOLIEE HhY% IR
supply hot bores 104 and ngzbglﬂelé%%,én oorf%le

8 d di i buti
exanpl e, air%lidsj20 ﬁﬁ?@%gyg‘%%&‘:‘%?s ¢ Iﬁﬁcléf’g%?‘??é“t%gzdﬁmﬁ%éwenQ-?-t Bhoprodesmeai n t he

chanber G2Theropnadess tigases 681mande WRTBY Béri AbdBas BARbER: bPeBAMRLe. al
be the sane gas, for exanple

differe f rat e nd. t he S y

[ 00411 ﬁpﬂ&%ﬁ’gﬁ ﬂbog‘éxngt%\s/ Zafsn?a'h‘gmﬁﬁ’gr%g%g ] TPRRSSSHR foF PEIBIC, Apd hiag vaivon

i ndi cat eerording td tie typreofgascessipplobadmedh dfchidiberTUHd Rbéesiisfeoti1amdidy ect or
Lner e Y8y PR shalicd REGMENE! Ve SR S ATRLE ol SXETpl AT, SaTel et B

- si-gnifi-cant Iy -F-ess- than-0: b +AEh)-Of —an- aXamb P rates; dihs ases B S —
need fof2heas, rgkémpleamet er was to avoid plasma formation in the gas bore.
As desclidaep AReQWhed BEHR I f the injecgtor. 51 are configured to
overcomle tth conf i ct be?&&ggﬁﬁﬁﬂgﬁhﬁaﬁ%‘apélgiﬁdé)ﬁ%ﬁp@ﬁg@f’ Heragd gla?gr&@,
(e.g., BPSUPRENR®FCtAhe andiinindse bt 2nedertothen wad ahbatefor asrenltiveli siemsi on

Of SuChdiapetcr Yeniiry (diin@BS DS WbRlioanRh deok 3% STRAY JFRR' e QY RLS B4 S
conflict hy providing the desi r,(ti,*ggJ opt | ga acces’srmccﬂSi ot Skemplary Circular
gas bore. The need Yor this small diameter was to avoid plasma formation in the gas bore. As

described below, the embodiments of the injector 51 are configured to overcome this conflict
between the high desirability of using a larger (e.g., 0.5 inches) aperture and the need for a
relatively small dimension of such aperture for the gas supply, and these embodiments
overcome this conflict by providing the desired optical access.

[0042] FIG. 3A illustrates a configuration of the imjector 51 to overcome this conflict in
providing the multiple, gas and optical access, to and from the chamber 42. FIG. 3A, a cross-
sectional view of an embodiment of the injector of FIGs. 2A and 2B, illustrates the two-piece
injectcn_- 51 as an embodiment 51-1. Embodiment 5i-1 may include the housing 90 and the
sleeve 92 received in the housing. The injector configuration includes a septum 126 that may
be received in the tubular inner wall 122 (FIG. 3C) of the sleeve 92, and may include the

optical access window 70 that may be mounted on the housing. In a general sense, when the



100421 FIG 3Aillustrates a configuration of the injector 51 to overcone
this conflict in providing the nmultiple, gas and optical access, to and
fromthe chanber 42. FIG 3A, a cross-sectional view of an enbodi nent of
the injector of FIGs. 2A and 2B, illustrates the two-piece injector 51 as
an enbodi My rRdakieEMPOdi ment 51-1 may include the hoygiR@,R%a8d the

sl eeve 92 received in the housing. The injector configuration includes a
septum 126 that nmay be received in the tubular inner wall 122 (FIG 3C) of
the sl eeve 92, and may include the optical access wi ndow 70 that nay be
nount ed on the housi ng. In a general ense, when the WO

2008/ 045146PCT/ 1 JS2007/ 013831 14 hous ng 90 is mounted (as shown in FIG
2A) in the port 50 in the chanber wi ndow 48, the sI eeve 92, septum 126, and
opti cal S h the s shown in FIG
3A. In s}ﬁ%ﬁﬁg?g\e&nbﬂ?&wwéqa? %Ot)’g}ll 1?1'9 Eg‘gl gﬁ? %é 3trta}}ﬁ‘irl"2‘8d°‘ti\n4§hth? he
optical sh¢avedAR: 3@mma§/26€@nﬁlqmecalmcp¢sswmeowm arbms&m:iﬂs& fatifethe’ Hdﬁ&hg%g

opti cal n he ,axi al
dosi 1 od hort an TIOTA. Rk AR e IR ) B bt Aot o tiivend
poi nt outicalevindew JRarpe Pomhln(:eo grovxdeeﬂleaahove-dbsmnbh@“daméd betlcal ddckus™ TiR) -

Such desinyarhn? Blel $.8hMbACE Inr tical_ acce de CI’I bed
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provi ded'of& gremplang disempstiveRnePoiiHi qu@squq Yhichanbanidt (e, tlapiee of thepboICHIT,
| S )
si gna IGNTB) canRgli deh@é’lﬁoﬁ-ﬂcﬁ’l%cé% id ﬁ@ﬂé{:‘fgﬁn&&c‘&t{? ?Rél'at%ﬁiss g:%&cr l?bédtbﬁgcxhé_l gnal s

|nterferﬁ%ﬂ§ éhe signal's S- suc hat
may becd eéﬁ'?l?%ilq LS Fhet’h‘a‘ﬁp? REoRiwe] sesassINRoVEied (afhoie adisrostzded

"desi r edvidpt li loraﬁtﬁtﬁa&ype bhapticay & h &Mﬁtﬁ}n | " ;desired
SNR, ma%/P gjﬁ %lgw dedf % ab ?%odl rg%ﬁiﬁ? I %%edé% Arxegm%{ th@ggt af
confi gurfé TR ETRa Wél%‘é§§‘F%éﬂd§r@HThguﬁhﬁla&%t$1ﬁ% offthe kignapt i cal

wi ndow 7GRy leedmt cubsdhtiaty 11d®®er|thdﬁeﬂhb aeartd Givra @h@%ﬁeldeﬂﬂ?fﬂeﬁ'gdééﬂe%{)ﬂap the
i nj ector cée]ss t he, SN the S:IN and the S- remain

t hat
at the Josit éff’g‘i‘te%"é’ ds 3Eh s |§ laz]g'ol\‘i’ge’ééhaﬁe‘ii‘ﬁﬁeqt SR HBU &8 PF@YId?Cth tthol 54T
t ]9 a(r:] cu reatmﬂynanmdmfdhe &j¢dher Stlrthﬁ:teﬁs bdithSgollf-edttb Sedildh Bier @E@e—d@%ﬁb&?&ﬁﬂttgg Lad ion
of thes 0 t or vi de 't roved (or
desir ed)% &Itﬁg% icgggvm$s r e &oeffdt’%e *ﬁ?&h F é.’g aﬁf”r?dt%lj‘\?‘éa ug tithisy |
access éWJegtﬂr &t sorthat thi BHIR. efizgicibef ths SEION dreMge Sm‘ﬁ%ay'liﬁﬁtaﬁﬁd@ttmé%& may

be confi r t e tub efl n t he |nner wall 122 of
the sl eé%}éw S&stélg%da v dsogedr'%h e s e I(1a(fgr | ﬁ%?’é@ oAy drdigale therpe

conf i guPERGeHiINeL th@eSUbtme'éﬁt Vi lconfiguretiort hethskeeweocﬁﬁteﬁwdfhﬁuﬁnjédl@r SERI UM
126) debidigs 8RR QRBIAL]Br @]gs%'e(i% ngsh%@tagges?yts 10 gl 8-igaded al QW to denote

the entire area inside wal en area & *Oi her%? atsh i ned
by the SPR)aceys spizyaton’, Gwl@ﬂﬁaibewfsbmwf ficient to transm t the

si gnal s ;teqwmagepa;m“fewmomhguee%ﬁe& RbRin 32 (! il gggye HNGupePt um

126 di wﬂf téhhe 0 %)re@ 129 into at |least two aperture lﬁ?%swa A and
30). Eadtr 8p FElEPEe OWHHE they dpaigd\pr impEowRd) PrticaBaqchest "Iéwtcenﬂglrmal | el

to the akilglinpat¥h ll\l:l’zﬁro@ﬁh@ le0@2d3 oRiahi gRe t apgend
140 (F h S'IEEhe WS:?;;].BB of &g\gaét hﬁ%ﬂrﬁ‘%’fﬁ% afjl%én aea pge

i ncl udeggdlﬁ%tfé)g%ﬁ d%t‘g‘ﬁ RS HEP s AFnotohe siireeanale wall i2gh B v area
apert ur 29 36 the;umenifeﬁgd:ﬂ Byl theysldcve 93 6Bt g Aodh ad PistN RV udeeigndb %Hé’{’l? %Jeacr OSS
t he apef; 1§ "?HL@[‘ ;twhan a (% %{féﬁgndl ng. di nensi on of th
the slee and ef TR 8 4 AR PRtOCH Sbpwes Ihe ﬁWH@%’F‘ééﬁSlZQ of
t he wal 11181@211 @featﬂé 1stoe:avleast Goe apapeed 136 (108 32db€ ed).amash hfktArd $36 W0
2008104&5&14’1%&1%5%%29 %%101]3%9{?{;1 extends parallel to the axial path AP from a location aligned
with the port 124 to an end 140 (FIG. 4) of the sleeve, The wall 138 of each aperture 136
may also include a portion of the inner wall 122 of the sleeve. Each of the apertures 136 is
configured by the septum 126 to provide a dimension across the aperture 136 smaller than a
corresponding dimension of the wall 122 of the sleeve 92, and to define an area 142 A that is

less than the area 129 of the wall 122 of the sleeve. One aspect of the reduced area 142A is



15 that there are nore collisions between the walls 122 and 138 of the
apertures 136 and particles (e.g., fromthe chanber or etched fromthe
surface 128), which pronotes deposition of the particles on the walls 122
and 138 of the apertures 136 before the particles reach the optical access
wi ndow 70. wWg9iRRBLsi@spect of the reduced areas 142A is § (ﬁuﬁ%ﬂﬁhﬁﬁﬁll'ght up
of plasma in the apertures 136. Any tendency for plasma |ight up has

reduced effect because plasma does not formin a sheath around the surface
138 of the small er-dinension apertures 136, which reduces the extent of any
plasma in the small er-di mensi on apertures 136, and thus reduces etching of
the optical access w ndow 70 by plasn# |t may be understood that the
deposition of the particles on the walls 122 and 138 of the apertures 136

before t articles reagh.th tic access W w 70 results in a
reduced Pl f( Fhéoa"8¥e R ca]g SEpt %(?E’P e&c@ﬁs‘gﬁ&l ﬁ@o%"‘{;dg%étfoﬁli‘f’ FHCEss éaﬁvﬁﬂfih
deposi t eparpeales (ef. chomaheclandiet or tohdd How tmm&e.csfzz@ mmhqﬁdeMRdssosn%h t he
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the t 00! uiblidd BAGHE AbalalichlGELEGLAE REACHIR 1B 81 BAS,SHPRILAE

nore detail, each aperture 13 OWs transm ssi on a or Ph of
the opt i kdpProsheretiglesrqash firoorgioal Aecessayindgve 70 rembisrin 2 eeﬂuwd likedihbod of 6. The
conf i gur gtican addess AeadMl@IbetdnRle QRRAL wft@%eﬂrgsﬁe& % ﬁﬂﬁ:& %%?tavéi;ﬁ? Tt Ghe
defined a collectlve or aggregate, open area e area 142
is defi n*“e?’d‘s%g} 2 &eeed AR g@ssﬁmddhe §T‘PUTﬂe‘PIW,c$HBPTEW ofulight up38 i n
the septpiaem?é thErojstical élgnaara@arrﬂnég 186, &1Rf inBaded it e %ﬁ?er(?iflmﬁ ?ona&f %aSt

two apertures 36 an same as the area e sl eeve

wi t hout AT EeACufets feéa%&u}l E*i%ﬁﬂih% Rierranwdl ght pgedug @amﬁfhfzszetqfat

def i nes driyesualpprabris. eals'bSGrlth&I]dadrﬁa FeEbelﬂwl}et@ fofmahdapal § Whenek3fashatingsnist he
| ocat i on all rt 124 . to t en 0 of. the sl eeve. The

1
col | ect i V8 %ng%infzo 1lht§e QB‘[‘ BYErit Wf“éioﬁ’a aY Re sypstagiipibpFedperd. oHte redyced
si gnal s dpbéitiamdn SaDkfhini @i ﬂﬁfﬂ@ﬂﬂbwfm‘sem&otrﬁhﬂitaiﬁda-rhlgﬂerm idbRh%pkastcat e

der hed b FREaE SR FGARE 58 ol ARyl eba e PRk AL AT Bl | cal
access, ﬂsw gignah StHAT heaing tbpeinmaﬁde&NR@ﬂblps oivi chek SWDtih abh&a@@&nﬁﬁ@%&ef or

th t
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Al so, i tofjkoth pEdke apdced sizpply SNt andloPHOIR thay ato tremsnhigted oh Itiex bbreestar Ghe 142
that prQwhd aﬁ&?oﬁlﬁg }Elﬁﬁllh%pr Qqér‘fu%\scﬁaﬁsls 3[19194}1'1_7&1 tl!!zel g’is éefirlefil'hs&&%%ﬁs e

enmbodi nrent 126-1 of shows erence
i ndi cat i%&&%@@p@@m% E%E n%%k SThezgea! Brig dq%d@ymbmbhens thetanens 12BA oF| Gs.

3C and 4usiewidiaparhed menh wefpliRfi2b, h%§§lﬁlﬁél£ﬂe&%§2 '@Hé’ﬁ]ieﬁ%y tﬂg?f@@o&‘ 122

is ci rcugar and the septumis configured i form of one web

bri dges B FIES{H2 pgrifies L6 399 ftbop the stag aﬁ/\@rzlamﬂzlz29 ofifbe sletyecianvideat t he

open exeh@baphym A26.EdcAlardr BRALR Uectféd Hethe BY %ﬂiﬂﬁlmhét defided RAEQpiReL13d he
apertures to the axial th AP and al ong t he

13 each,. ext endi n rall el
el ot &0 3 e 8T % Feeroim, OB ren B 16608 eletah Bk 5 part £24 tytbe ke
t hat t hd48epfttberskd 1Thes catimefiigufead 42 ds exfieRdt fo QRntde tROSNR1AAKE @Eﬁm end

140 as 46 El trates the enbodi nent 126-2 of
t he sepg ?%8%2%5? ﬁ@%%’f% ‘wé}‘%h %2"5@8 ‘Ia%zlg[z O&C?‘Eﬁtlefi’ indigaig theproeesying Rf 126
i s conf itgusddtrate. t He redewm efchaifehXophinmeas et ﬂéfatedbfyl tilg @sptamr II%Smiji\Be

di armet ergy, r 2. Alternativ he web

confi gur eg%crl té?n%r%lrr%lﬁt lgnga\ogzra\géldné%%a] et het et it ﬁ‘ﬁ& n‘i}’eﬂ?ﬁ%nf‘é‘d‘cg(%@?%te to
define DRE ResespecesTh thesxafplahesscB? end, 196k thedithérdaeast e AQpesvidssahpl ar y
circular area 129 defined by the wall 122 into four of the apertures 136-2,
each extending parallel to the axial path A ? and al ong the conplete Iength
of the septum 126. The septum 126-2 is configured to extend fromthe port
124 to the end 140 as descri bed bel ow.



[0047] The septum enbodi nents 126-1 and 126-2 nmay be configured by
machining a solid rod of material to define the webs, for exanple.
Alternatively, the web of the septum 126 nay be wel ded or ot herw se secured
to the wall 122 of the sleeve 92. Also, as shown in FIG 5B, the enbodi nent
126-3 of t 126 may be configured in the form d open

t ubes 130TR?%(§:@%5316| n the wall 122 that is al so ci rculqngms‘ef?'n]femssg%tum 126-3
is configured so that the tubes 130T touch each other as a bundle by being
press fit into the sleeve 92 if the sleeve is, e.g., nade froma pol yner
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WO 2008/ 045146PCT/ US2007/ 013831 18 septum 126 for supply of the gas & to
the chanber 42 and optical access, while avoiding plasma formation inside
the surface 128. [00501 FIG 3A shows other details of the two-piece
injector 51. FIG 3A shows an enbodinent of a Z interface between the

shoul der housi ng 90 and a correspondi ng end sl eeve
J\§? g@gklﬁg . : o%grﬁ Blo7 b1

92. The shou and end 92E are configured with c errent ary surfaces
that mate to forman interface 150. Anong the many functions (described
below) the interface 150 restricts, or limts, a flowof the first gas G
fromthe bore 108 to the bore 66, and_al so restricts, or limts, a flow of
the second gas G fromthe apertures 136 to the bore 108, both referred to
as "low fl ow conductance [0051] FIG 6 |s a cross-sectional view of a

portion i piector 51 of FIG  3A, trating _an enl arged
portion % ‘%ﬁ% der ﬁglﬁegnfehgr ﬁ%%fgﬁjiﬁ WER 57 L‘%@ ek With respect to
cor r espohli- - erTc!InS%IEa dM2the @dﬁeaeddny madumhmuhagaraasuvﬁllﬁanﬁd t@BbRchBR s
150- 2 of e [of I d 92 confi gured
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92E is shown configured wth an annul ar-shape proj ect1on und
the axi at"dparAUARIgH EnPgh foinsheutash Sgddto Sttoelpapeld griseivethef probassinp ufl ther
118. [005183&4%“% 7A is an enlarged cross-sectional viewillustrating an
upper 41880 &F he housing 90 and a correspondi ng upper end 162 of the
sl eeve 9 04 3heh -2 PPEsRiEFlar) Ganfirtioag of the frptuh daGdeg2 TEé{m\methdvm)

sl eeve %apm idveicAPir Rk eAR GRS fhalid GRWTO of
t he hous| p&ﬁléggfer end 162 of the slnee%/feélrzs?qgogagﬁgglgn ‘S‘L“Pﬁ“ﬁ %’?‘%H

groove 168 i gsinge Presaneauredar ortisrlarcess, @Hﬂw@le@ﬁed fne ghover 166

conf or mesrall difrensiom wif an afp@ﬁfxﬂegfdf' & @ Pfiﬁ-heﬁsfc'hes)&!éﬁ mbbincht %&”leth}c% g
confi gur éx relative to an annul ar b8 170

91 msSlG8 con gﬁﬂ eg?t
of the f xure %615 Sapiighed o dTRIANES BPELabarcetteconfipratios, fnl‘ehleh t he
ar ms andherpm(ekmrnlbgdyrciﬂa@) ﬁewmymecﬂqed agahd &bl 1D2 i0Hi0RME int bhe Fab/Gpridd Shows

that su C be ap ed t t he ar 68 by the optical
access vﬁgpéﬁ%%he%t e te?i%ﬂ? ?gr :ﬂgl el 8 el @ R Foeh terrsmalsty 90
by a nouegtipphihe Sqmi'md%t lﬁeclpamms?s,)rawabme ebmdid@ﬁﬁ&urceﬁe tidaPcead Ty FI G
7Billu € X the arns_ 168
(t hat haif%gep@ét;)e{e;c'nte?'%e%ecgl %F’BO%%%{}\A{? 0?55 %hoer % ' % eerels Bk ur e
body 17FeBRgiaden ‘Pfethetgh‘é@pteﬁdmm apﬁm@ss 8% iscuct tlmt gzree;@wzectae agadeRsiate, he

arms. ang ihe T1 xar e Dody rorareg e tbobmeeBeldbiy R pifu Iife o,

agai nst ‘PEFEF rit &vifigicat tesgnable GeiNR ofiipawBAbAIgIt6 SO WEPOATVUD 38R high
enough for the tool 54T to accurately indicate the processing of the substrate. Further, in the
continued use of such embodimeénts 126-1 or 126-2 or 126-3 or 126-x, for example, because
of the described configuration of the septum 126, the resulting reduced deposition on and
etching of the window 70 serves to maintain that higher SNR which tends to enable the tool
34T to continue accurately indicating the processing of the substrate.
[0049] The above-described retention of the desired SNR. of the signals S-IN and S-OUT
despite use of the many smaller-dimension gas/optical signal apertures 136 of the various
embodiments of the septum 126 (e.g., less than 0.5 inch) is contrary to the prior teaching of a
minimum 0.5 inch diameter of a clear optical aperture to facilitate monitoring of an optical
signal that indicates a process condition in the process chamber for the exemplary
interferometric or spectroscopic observation of chamber processes. For example, those
teachings would prevent use, for the gas supply aspect of the dual use, of a relatively small

dimension (significantly less than 0.5 inch) of the gas/optical signal apertures 136 of the



19 agai nst the shoul der 118. The end 92E urged agai nst the shoul der 118 of
each of the interfaces 150 and 150-2 provides a mating interface surface
that is effective to mnimze, if not elimnate, generation of particles in
the injector 51. Such elimnation (or mnimzation) results fromthe urging

hol di ng thgv(?gﬂcas%ﬁﬁand shoul der 118 tightly together 3,%1@%2({0 0.,8ki;m nate
Wy Y e’s dér

(or mnim attve novenent between the end and th The | ack
of relative novenent avoids rubbing of the end against the shoul der, and
conbines with the configuration of the septum 126 that fosters particle
deposition on the walls 122 and 138 to deposit particles before they reach
the optical w ndow 70. 100531 In anot¥er enbodi nent, mininization, if not
el im nation, of generation of partl cles in the inj ector 51 may result from

use of a gask et ween t end shoul 118 of the interface 150.
The gas 35%2 rnsﬁﬂgi}f‘i‘t}c}ﬁ? &° etPl ﬁ“”@@’a@ﬁ gsaﬂéﬂfﬂfaltE’r?&?ssh‘5§ll‘éa"°1dlng
char act elflasiﬁamn@ﬁndrﬂnsiﬂaﬂieisﬁhecegmﬁgerat| on, such that any notion of the end
92E rel houl exa does not r uI t any
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opti cal I 111e B.al,so

illust ra'?1 {eegﬂtg%]z%ostehmc?gggégm%g ?Ié\% cﬁ)}fﬁ‘f{"ﬂ%& %Sngtl)véo%%%(])br?ﬁer e 8 X thﬁr}f U ?? ng
174 i nt ooug alwaresinigisgpo bndis,19 Bowpfsbalkedohd gpoBR figm ﬂ&n@bdﬂue&sgﬁé§ t02hd bam t he

at rmsphelrd% b AYStetBi Qs 4P abs JAQkud «<le the housing or the sleeve. 10056]
FIG 3A also sh 0\7'\/5 toe Su per encg B%ﬁ&%lfl ‘the sleeve 92 configured with

openi ngsl088Y ¥1§. ﬁa&ralcrctsatsect@ﬁ@wewmf@ novéonagfdhe twepict njostot HeoBBIst B, 126
of the secaREngas HRcdd: zg PPt MRS knchdder 11881 BRGhohEAs 25 2h $RLES angw &9 W' th

an annul ar groove 182 t hat extends hori zont alé}/ for reception o
184. Thecfwieﬁ@ndir@ 4% HIoE thin dlepe and shovineth @aa@fi/enfosﬁmtent ééO-mefcttlr:ons

One, fl axurBcdlsd. henVcRANAR 18850 AEARSire chﬂ‘g“@éd wltia%ohﬂﬂé@ﬁéﬂarmﬁrfée&

ports 114 and 124 to restrict, or limt, a flow of the first gas from

the bor dbA0BEFOIRED $BF {ov bW sopsluciapee W%@Pe 189-% oSk |S]é‘?1§defolrlgl lﬁri*h@‘éfn a

flow of dohﬁgﬁteﬁ a¥ith gasstiged, rs&@?ﬁéchgrd@Oé Ihadiaél ah Qnill6r HQER 2108d FbLLidh ?attﬂe

W per 13%2@& %ﬁ%ﬁ% force on ft alval I r}10 ? ‘S%he housi nget o0 center

sl eeve i Bogorisysed vith an avsiashgpsiirerien Henratrer hhat

may resulxial phthtAleas iesvihe Ehsinbed stdpped@dsvad thé sHoidsr h ogat i on bet ween t he

ports. [ggﬁc%qél%@ggg Ce-r[{aygs %Ot(:)rgésosgléctlonal view ilustrating an upper end 160 of the
housing 90 and a corresponding upper end 162 of the sleeve 92, showing a flexure 164
mounted on the sleeve 92 between the sleeve 92 and the optical access window 70 fixed to the
upper end 160 of the housing. The upper end 162 of the sleeve is shown configured with a
groove 166 for receiving the flexure 164, which is annular. The groove 166 conforms to the
annular configuration of the flexure. The flexure is configured with arms 168 configured to
flex relative to an annular body 170 of the flexure. Application of force downwardly on the
arms 168 flexes the arms and urges the body 170 downwardly against the groove 166. FIG.
7B shows that such downward force may be applied to the arms 168 by the optical access
window 70 when the window 70 is held assembled with the housing 90 by a mount plate 172
of the process analysis and measurement tool 54T, FIG. 7B illustrates the flexure 164
mounted on the slgeve 92 and thé arms 168 (that have been flexed by the window 70), the
flexed arms and the flexure body 170 urging the other end 92E (FIG. 3A) of the sleeve 92
against the interface 150, e.g., against the shoulder 118. As to FIG. 6, the flexed arms and the
flexure body 170 also urge the other end 92E of the sleeve 92 against the interface 150-2, e.g.,



20 100571 It may be appreciated that the O-ring 174, the flexure 164, the
interface 150, and the wi per 184 serve to enable the bore 108 and the
apertures 136 of the septum 126 to define separate gas flow paths for the
gases 01 and &. In this manner, separate gas injection into the chanber 42

may be pr m@,&l%%&g@the nozzles 106 (for the first gaz,cgﬁz,%sm% ghsky0m the

i njection bore he housing 90 (for the second ga he separate
gas flow paths for the gases C and 02 enable the selection during detailed
design of the injector 51 of desired mass flow rate(s) of the gas(es) for
obtai ning desired process conditions. 100581 Enbodi nents of the present

i nvention may al so include a nethod *8r provi ding the desired opti cal
access to process events occurring in the process chanber. An enbodi nent of
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t he proéassingthemler gpticalr dnsguienthrdughpwbick ske ohtem eignaBpSIHt dandnSIOAT By be

per f or mpd Qyintde septum 126. The septum 126 divi des the open area 129 into
at least two apertures 136, each of which is configured with the reduced

area 14P0055hEIC 18 alse dlystprigs that thedorch eppliaddly thatinda® 70\mpresses an O-ring

2008/ 049%4 6REL/ LR20Ab N3 BAL 02t al thOPbA 1h9GAL | |- ] Okhs 124
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t he opt [P THEILRY it howsingorthe 88V bet ween the process chanber 42 and

the analgusics FIGMA BRI shdWs the vpPer &anis Gifttat 1878 90fcohfig 2R ¥ith Y] %ﬁiﬁéé P20

col l ecti vgﬂlc. . agal ntt ain ﬁ‘?e desir ‘f? SNR of the optical Signals § I N"and S-OQUT

during th ﬁﬂi B LS BURHESPEEUET Y R Staiem JPB CERS setpprises Girom the port
124, The end 162 is also configured with an annular groove 182 that extends horizontally for
reception of a wiper 184. The wiper is flexible and retained in the groove for three functions.
One, flexure of the wiper presses against the wall 110 between the two ports 114 and 124 to
restrict, or limit, a flow of the first gas G1 from the bore 108 to the port 124. Two, the wiper
184 restricis, or limits, a flow of the second gas G2 from the port 124 to the bore 108. Third,
the wiper 184 applies a force on the wall 110 of the housing to center the sleeve 92 in the
hollow body 102, thus avoiding particle generation that may result if the sleeve touches the
housing at this location between the ports,



100601 In nore detail, operation 194 may configure the size of the
apertures 136 closer to the nean free path of particles in the gas and
optical access apertures 136 to pronote collisions between the particles
and the walls 122 and 138 of the apertures 136. These collisions reduce the
energy of t | es and i ncrease deposition of the f n the
wal | s 122 éﬁg %gskgﬁ the apertures 136 before the partfgﬁgéb@gg%ﬁﬁ

optical access wi ndow 70. The configuration in operation 194 may aIso
configure each of the apertures 136 with a portion of the wall surface 122
and with the septum surface 138 and provide the di nension across the
aperture 136 snaller than a corresponatng di mensi on of the sleeve wall 122,
and with the area 142A that is Iess than the area 129 of the inner wall 122
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[0059] The method may move to an operation 194 of dividing the multiple, gas and optical,
access path into a plurality of gas and optical access apertures that extend between the process
chamber and the analysis tool to maintain the desired SNR of the optical signal during the
process events occurring in the process chamber. Operation 194 may be performed by the
septum 126, The septum 126 divides the open arca 129 into at least two apertures 136, each
of which is configured with the reduced area 142A that extends parallel to the axial path AP



[ 0063] Anot her enbodi nment of the nethod of flow chart 190 may incl ude an
operation of renoving the deposit of particles fromthe walls 138 of the
apertures 136. For such operation, the sleeve 92 and septum 126 may be
removed fromthe housing 90, and the apertures 136 cl eaned before replacing
t he sl eeve min the housing. In another enbodi ani ng
operation H@@Q%gﬁggyforated I n the process chanber 42 Jﬁgﬂgﬁgégﬁ%ﬁe deposi t
of particles fromthe walls 122 and 138 of the apertures 136, thus avoiding
openi ng the chanber 42. [0064] In summary, the described enbodi nents of
the present invention neet the above-described need for further

| nprovenents to provide the above- def hned mul tiple access to a process
chanber. The problen1defined above is overcone by a problem solution
provi di ng fur ro s 10 ssin cessi ch ers
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above t hatad hee E@cgwrf!‘hﬁ%ﬁs iR tl%oggs' R cd Qchis@ b ARirds 19800 promote collisions

20081045146PCT/ US2007/ 013831
between the particles and the walls 122 and 138 of the apertures 136. These collisions reduce

the energy of the particles and increase deposition of the particles on the walls 122 and 138 of
the apertures 136 before the particles reach the optical access window 70. The configuration
in operation 194 may also configure each of the apertures 136 with a portion of the wall
surface 122 and with the septum surface 138 and provide the dimengion across the aperture
136 smaller than a corresponding dimension of the sleeve wall 122, and with the area 142A
that is less than the area 129 of the inner wall 122 of the sleeve. The smaller apertures 136
result in more collisions between the surfaces 122 and 138 of the apertures 136 {on the one
hand) and particles (e.g., from the chamber or etched from the surface 122 or 138) on the
other hand, reducing the energy of the particles and promoting deposition 6f the particles on
the surfaces 122 and 138 of the apertures 136 before the particles reach the optical access
window.

[0061] The smaller apertures 136 resuliing from operation 194 are configured to be effective
to suppress light up of plasma in the apertures 136. Any plasma light up has a reduced effect
because plasma does not form in a sheath around the surface 128 of the smaller-dimension
apertures 136, The sheath reduces the extent of any plasma in the smaller-dimension
apertures 136, reducing etching of the optical access window 70 by plasma. The operation
194 result of deposition of the particles on the surfaces 128 of the apertures 136 before the
particles reach the optical access window 70 also results in a reduced likelihood of the optical
access window 70 becoming coated with deposited particles, and avoids that cause of a
reduced SNR of both the S-IN and the S-OUT Also, with a plasma less likely to form, and
with a smaller plasma if one is formed, etching of the optical access window 70 will be
substantially reduced. By operation 194, the reduced deposition on and etching of the
window 70 serve to maintain a high SNR of the signal S-OUT transmitted through the



di mensi on across the apertures 136 snmaller than a correspondi ng di nension
of the sleeve wall 122, and with the areas 142A that are each less than the
area 129 of the wall 122 of the sleeve, increasing the nunber of collisions
by particles with the walls 122 and 138 of the apertures 136. More

coll'i sions articles and the wall 122 and 138 qjCTyl}g%e%{:,gﬁces 138
pr onot es deggéqﬁ?@%n&of the particles on the surfaces 122 and 138 of the
apertures 136 before the particles reach the optical access wi ndow 70. This
deposition of the particles on such surfaces results in a reduced

| i kel i hood of the optical access w ndgw 70 becom ng coated with deposited
particles, and avoids that cause of a reduced SNR of both the signal S-IN
and the signal S OUT. 100661 These needs are also net, and the problem
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sept um likbabiRy-dbfndider bpedal ReleYIBId dekiéFodilteSRcase not located in the sane
i ntense @6%?55 as the housing. This allows use of the injector 51 in harsh
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acconpl i shed, without requiring |long spacing of the optical access w ndow
70 fromthe process chanber w ndow 48, where the | ong spacing is in an
attenpt to avoid damage to the optical access wi ndow 70. An exenpl ary
configuration of the injector 51 may provide the septum 126 in the sl eeve
92, and the septum 126 defi ning about 20 exenpl ary separate optical signal
apertures 136, each having a dianeter of about 0.90 inches and a | ength
inside the sleeve 92 of about three inches, as shown in FIG 5B.



[ 0069] Al though the foregoing invention has been described in sone detail
for purposes of clarity of understanding, it will be apparent that certain
changes and nodifications may be practiced within the scope of the appended
clainms. Accordingly, the present enbodi nents are to be considered as

illustrati , ]restrictive, and the invention ismp E(Q)/Qﬁiirn'ted to
the detail iﬁ%?@gﬁﬁﬁgrei n, but may be nodified within the schopé aﬁd‘

equi val ents of the appended clains. 25 Wiat is clained is: 1.A gas
injector for a process chanber configured with an optical access w ndow
all owi ng optical access to and fromthe process chanber, the injector
conpri si ng: a sl eeve configuredzwth a bore defining a path for gas
and for the optical access, the bore being configured with an access area

R e L e N o
recept i of23,and hathithe @past HE Astbptt arencdubi losg tarthéierea (oM HE thuwedl 128 ofthe deevehe
PCCC5S TSR She ACnIRLS o Ul b LRI PECSRT AR LRSSl
di r ect ed13®wavidret trdlisipis betiweae qegscles ardiothe wald H28f aitdhé3Gitof | thasurfaces 138
separ at epl%%o?&.sdeggsq{i&ysfﬁle %%M}:gesco%nlfhg g.ﬁyfa%gs 4§52 and 138 of the apertures 136 before
the particles reach the optical access window 70. This deposition of the particles on such
surfaces results in a reduced likelihood of the optical access window 70 becoming coated with
deposited particles, and avoids that cause of a reduced SNR of both the signal S-IN and the
signal S-OUT.
[0066] These needs are also met, and the problem solution is accomplished, while facilitating
geometric advantages in the improved injector 51. For example, as described with respect to
FIGs. 3A and 6, facilities are provided for minimizing, if not eliminating, particle generation
in the injector 51. For example, the described cooperation of the optical window 70, flexure
164, and shoulder 118 of the interface 150 with the end 92E results in the downward force
applied to the arms 168 by the optical access window 70 urging the end 92E of the sleeve 92
against the shoulder 118 of the interface 150, which is effective to minimize, if not eliminate,
' particle generation in the injector 51. Additionally, the urged end 92E and interface 150
maintain the flows of the gases G1 and G2 effectively apart.
[0067] These needs are met, and the problem seolution is accomplished, without requiring the
injector 51 to be fabricated from a particular material, and instead by allowing use of various
materials for the varions one of the housing 90, the sleeve 92, and the septum 126. Many
combinations of material may be used according to the present invention. For example, in
one embodiment, the housing, the sleeve and the septum may be made from either coated or
uncoated ceramics or polymers. The cerantics may be the same as those described in the First
Prior Application or in the Second Prior Application, e.g., alumina, ceria, yttria, and zirconia,
Quariz may be used if the process, for example, is compatible with guartz. Exemplar
polymers include PTFE, ETFE, CTFE, FEP, and others sold under the trademark TEFLON;
polyetherimide {Ultem); polycarbonate (Lexan); polyetheretherketone (PEEK); and polyimide
(Vespel). In general, advantages of low cost result from use of polymers for all of these parts,
and combine with ease of manufacture as compared to ceramics. For example, if criteria of a
plasma etch application (i.e., substrate type, gases, temperéture, power, etc.) are compatible

with a particular polymer, then all of these componenis may be made from that polymer, Of



cooperate with the other access aperture to flow the process gas and to
transmt the optical access signal having the desired SNR through the
optical access window 2. A gas injector as recited in claim1, wherein the
each of the at |least two separate access apertures is configured to reduce

the |ikeliRpgdy@bsshprmation of a plasma in the respect |P\éq,l%%%ggﬁ access
aperture. 3. A gas injector as recited in claim1, wherein

configurations of the sleeve and the septum define walls of _ eac_h access
aperture to promote adherence to the walls of particles moving in a
respective access aperture toward the,poptical access w ndow before the
particles reach the optical access window. 4. A gas injector as recited in
claim1l1, wherein: the optical access signal indicates a condition of a

bst r at gartiangk @t nb@agt aRaY 3§ GRSARES helyG8r AlS
glcj)nfsl gurgadmb arﬁﬁgtaegetlarﬁa{kg%col Igct [ vgeq {/Q&g% owﬁrgdﬁsmgss?vclm o% ﬁ%rﬁt cal
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nd gh the optical access window fo a |ocation
gﬁf SISZ ea q%gtgg%eﬁ%gt} wh&cﬁ eacL:lh of the housmg, sleeve and septum is made ﬁom ceramie. Such

an all-ceramic configuration allows for the widest plasma etching compatibility due to the
better resistance of ceramics to the plasma. The housing 90, that is exposed to the most
intense plasma, may require a ceramic coating, but the sleeve 90 and septum 92 may be
uncoated ceramic because the sleeve and septum do not experience the same high intensity of
plasma. In another embodiment, a combined ceramic-and-polymer configuration may have
advantages. The housing 90 may be made from a ceramic for plasma resistance, whereas the
sleeve 92 and septum 126 may be made from polymer since these are not located in the same
intense plasma as the housing. This allows use of the injector 51 in harsh (intense) plasmas
because the ceramic housing 90, whether or not coated, resists the plasma, and the sleeve 972
and septum 126 may be polymer allowing a complex sleeve-septum configuration that is
easier to manufacture.

[0068] These needs are also met, and the problem solution is accomplished, without requiring
long spacing of the optical access window 70 from the process chamber window 48, where
the long spacing is in an attempt to avoid damage to the optical access window 70. An
exemplary configuration of the injector 51 may provide the septum 126 in the sleeve 92, and
the septum 126 defining about 20' exemplary separate optical signal apertures 136, each
having a diameter of about 0.90 inches and a length inside the sleeve 92 of about three inches,
as shown in FIG. 5B.

[0069] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended

claims.



5. A gas injector as recited in claim1, wherein each of the at |east two
separate access apertures is at |east three separate access apertures. 6. A
gas injector for sinultaneously transmtting an optical signal along an
optical path froma process chanber through an optical access window to a
di agnostic end point outside the proc€ss chanber and injecting a first
process gas into the process chanber; the gas injector conprising: a
housi ngvlonf ¢lgimeddst o recei ve the process gas, the housing being further
configured with a holl ow body surrounding the optical path and nounting the

optical access w ndow adj ace ne.Fh aGaPstth 6n 8pGhapaddats window a sl eeve
confi guted fOrsa BEEHT 8#5”80 '%55%8%%}(?\% body to def P[ﬁ:e a bore surrounding

the optical path and configured w th _an ' - AC GRS St &t g: Or
si nul t ankVisE PRI aErTig aP‘% OB BR 8 Oscesgsacsh%lt?ﬁr? rgﬁlteﬁgﬁ%r océlzﬂsf chgfanber and for

al l owi ng optical access by an optical signal fromthe process chanber
through the gplb&Alonigaes svithiataoelctiting opathden gas apmET KRG UfFeast a
m ni num si gnal -t o-noi se ratio (SNR); and a septum configured for
recepti on d M. hiEs S3iRRMEYitH AifacteRtanm doafipgyed ur fldve prasessfdag apedansBIbi vi de
the optica acce%s area into a plurality of optical signal apertures, the

plurality of optical, s AREHLUERRade Holedai) (GINR)t fret opt i cal path
di rect e&XPB{)\%aﬁ)gccteﬁS:gl%rﬁ |gca gaccessS% ndow, each of the optical signal

apertures bein nfi gur h he 27 ) '
i a Sgp[gr?‘l con igurgc? fosz“geéep{aitgn %n lﬁe bare, the septum being further configured

to divide the access area of the bore into at least two separate access apertures, the at least
[WO separate access apertures extend parallel to an optical path directed toward the optical
access window, each of the at least two separate access apertures being configured to

cooperate with the other access aperture to flow the process gas and to transmit the optical

access signal having the desired SNR through the optical access window.

2 A gas injector as recited in claim 1, wherein the each of the at least two separate

access apertures is configured to reduce the likelihood of formation of a plasma in the

respective separate access aperture.

3. A gas injector as recited in claim 1. wherein the configurations of the sleeve and
the septum define walls of each access aperture to promote adherence to the walls of

particles moving in a respective access aperiure toward the optical access window before

the particles reach the optical access window.

4. A gas injector as recited in claim 1, wherein:

the optical access signal indicates a condition of a substrate, and



optical signal apertures collectively transmt through the optical access
w ndow t he optical access signal having at |least the mninum SNR 7. A gas
injector as recited in claim®6, wherein the septumis configured to reduce
the |ikelihood of formation of a plas in the respective optical signal
apertures and to provide walls for cof ecting particles nmoving in the
optical path toward the optical access w ndow, the septum confjgur alti on
reduci ng depegi 4108t @ sehRapatikciesues ammnEgeoni hy tefscphe §5PHEETHccess

wi ndow, 8. A gas injector as recited in claim7, wherein the septumis

further ig&f&a%gﬁlggio{lgf%d’pﬁ@{ﬁ!@Bhlﬂn@ibeﬂﬁﬂgtﬂiﬁi‘cmﬂﬁi}mﬁﬁ tipowhitrale, dfoval fromthe
septum of "t he deposited particles and replacenent in the bore. 9. A gas

injector _as recited i IsRelss HRSEE (tArohi Bie (heepdpuanyar:o teasta y o egeiiopt i cal
si gnal éﬁ'é‘??“lf?lgnwe%ﬁfgmglrhg s sectional area |ess than that of the bore to

facilitate the reduci,ng of, the Ji i d 3ok b Qidratihiosuisifle iepdtasier.i n t he
r espect j &6°5 BPFBLFS aéﬁdéﬁrgflg%%lg‘r%f){ﬁéaig%ﬁ%q%?ovi ées t hé optical signal

apertures with an aggregate surface area greater than that of the bore to
facilitate the reducing of the deposition of the particles on the opti cal

access Wi ndow. 10. A gas injector as recited i =1 £ ncbhe septum
ext ends &crosh gas @H@@ﬁéfﬁcﬁ?dt"f@m@gré"hg{?“}??gp o?hh% ag}eglrtgfvft of Olgti cal

signal apertures are two optical signal apertures. 28 11. A gas injector
as recit gebrisres ad @ilensGthrastsepasiin 26958 PEPWEM i s configured with a cross-shape
conprising cross pieces extending across respective dianeters of the bore
so that the plurality of optical signal apertures are four optical signal
apertures. o , , cal patt

6. A gas injector for simultancously transmitting an optical signal along an optical path

from a process chamber through an optical access window to a diagnostic end point outside
the process chamber and injecting a first process gas into the process chamber; the gas
injector comprising:

a housing configured to receive the process gas, the housing being further
configured with a hollow body surrounding the optical path and mounting the optical
access window adjacent to the diagnostic end point;

a sleeve configured for reception in the hollow body to define a bore surrounding
the optical path and configured with an optical access area for stmultaneously injecting
the process gas into the process chamber and for atlowing optical access by an optical
signal from the process chamber through the optical access window, the optical signal
having at least a minimum signal-to-noise ratio (SNR); and

a septum configured for reception in the gas bore, the septum being further
configured to divide the optical access area into a plurality of optical signal apertures, the
plurality of optical signal apertures defined along the optical path directed toward the

optical access window, each of the optical signal apertares being configured so that the



12. A gas injector as recited in claim®6, wherein the septumis configured
with a plurality of tubes so that the plurality of optical signal apertures
exceeds four optical signal apertures. 13. A gas injector as recited in
claim6, wherein: each of the slegeve received in the hollow body and
t he housing is configured with a mating interface surface configured to

m nimze particle generation when the mating interface surfaces are urged

i nto conomiht sigmtlapertures cobestinely Siangmit ghreuahtthrepticalacress et 1 a fir st
nmount for the optical access wi ndow, the first nmount being configured to
cause t hgptivaldtted sigpililaaingac kesshavnidowntNRir ge the sl eeve mating interface
surface into contact with the housing mating interface surface. 14. A gas
injector as recited in claim13, wherein: the sleeve is further configured
with a first sleeve end having a second nount; the injector is further

configured with a flexure nounted on the second nount; an
7. A gas injector as recited in claim 6, wherein the septum is configured to reduce the

likelihood of formation of a plasma in the respective optical signal apertures and to
provide walls for collecting particles moving in the optical path toward the optical access
window, the septum configuration reducing deposition of the particles on and etching of

the optical access window.

8. A gas injector as recited in claim 7, wherein the septum is further configured to be
removable from the bore to permit removal from the septum of the deposited particles and

replacement in the bore,

9. A gas injector as recited in claim 7, wherein the septum provides each optical
signal aperture with a cross sectional area less than that of the bore to facilitate the
reducing of the likelihood of formation of a plasma in the respective optical signal
aperture and provides the optical signal apertures with an aggregate surface area greater
than that of the bore to facilitate the reducing of the deposition of the particles on the

optical access window.

10. A gas injector as recited in claim 6, wherein the septum extends across a diameter

of the bore so that the plurality of optical signal apertures are two optical signal apertures.



the nounted optical access w ndow urges the sleeve mating surface b
flexing the flexure, the flexed flexure urging the sleeve mating in?erface
surface toward the housing nmating interface surface so the sleeve nmatin
interface surface contacts the housing interface mating surface 29 15gA
gas injector as recited in claim®6, Brein: t he hoIIOM/body S -

configured with spaced first and second '
as i
| ocat ed between the spaced J nlets and an annul ar pad

for recdptior B RREChBUEFIRE g @#%‘Wgés Whefid zﬂe*%g%zﬁlne@léé‘nfig%édwrth genfst-gur ed

and a gas supply conduit for a second gas,
shape comprising cross pieces extending across respective diameters of the bore so that

the plurality of optical signal apertures are four optical signal apertures.

12. A gas imjector as recited in claim 6, wherein the septum is configured with a
plurality of tubes so that the pluzality of optical signal apertures exceeds four optical

signal apertures.

13. A gas injector as recited in claim 6, wherein:

each of the sleeve received in the hollow body and the housing is configured with
a mating interface surface configured to minimize particle generation when the mating
interface surfaces are urged into contact; and

the housing is further configured with a first mount for the optical access window,
the first mount being configured to cause the mounted optical access window to urge the

sleeve mating interface surface into contact with the housing maling interface surface.

14. A gas injector as recited in claim 13, wherein:

the sleeve is further configured with a first sleeve end having a second mount;

the injector is further configured with a flexure mounted on the second mount; and

the mounted optical access window urges the sleeve mating surface by flexing the
flexure, the flexed flexure urging the sleeve mating interface surface toward the housing
mating interface surface so the sleeve mating interface surface contacts the housing

interface mating surface.



wherein the sleeve is configured with an i i

ve | annul ar wi per extending across the
gas supply conduit into contact with the annular pad to center ?he sl eeve
in the bore and direct the received first and second process gases

separately into the respective bore apd the i
se| _ _ _ gas supply conduit. 16.A gas
injector as recited in claim§6, mhereaﬂ each of the housing, the sleege
and the septumis fabricated froma material taken fromthe group 1

consisting of: ceramc uartz
?5. A gas injector as recited n cl%gr(lj 6,p“%e¥ei Al

the hollow body is configured with spaced first and second gas inlets and an
annular pad located between the spaced gas inlets; and

the sleeve further configured for reception in the housing defines a gas supply
conduit for a second gas, and

wherein the sleeve is configured with an annular wiper extending across the gas
supply conduit into contact with the annular pad to center the sleeve in the bore and direct
the received first and second process gases separately into the respective bore and the gas

supply conduit.

16. A gas injector as recited in claim 6, wherein each of the housing, the sleeve, and

the septum is fabricated from a material taken from the group consisting of:

ceramic, quartz, and polymer.



