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[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 substrates. 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. For 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] However, as industry standards increased,
further improvements were required 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 straight
unobstructed line of sight, thus "clear" is used to
describe the optical aperture. Difficulties arose,
however, when the clear optical aperture was
physically open to thechamber, because plasma may form
in the clear optical aperture. Such plasma formation 



relates to a threshold electric field strength
required to initiate a plasma, which threshold
strength is based on gas pressure in and the diameter
of a bore of the clear optical aperture that is used
to supply the gas to the chamber. The Second Prior
Application described those two factors of plasma
formation in the gas supply bore. Attempts are
generally made to reduce this diameter of the gas
supply bore, because the gas pressure tends to be
specified by process requirements and generally may
not be varied for suppressing plasma formation. The
Second Prior Application also taught that when there
is multiple, or simultaneous, use of the clear optical
aperture (i.e., use simultaneously for both optical
access and gas supply functions) the multiple use
presents conflicting requirements. That is, for the
aspect of facilitating monitoring (or diagnosis) of
the optical signal that indicates a process condition
in the process chamber, there is a need to increase
the diameter of the gas supply bore of the clear
optical aperture. For example, in providing optical
access for interferometric or spectroscopic
observation of chamber processes, the diameter of such
gas supply bore must generally be not less than a
minimum value, which was defined as about one-half
inch, for example. This diameter was described as a
minimum diameter that is required to enable proper
access to the optical signal, and was referred to in
the Second Prior Application as the "minimum diameter
of the clear optical aperture". However, the analysis
in the Second Prior Application indicated that for the
gas supply aspect of the multiple use there was a need
for a relatively small diameter (significantly less
than 0.5 inch) of the gas supply bore of the clear
optical aperture that supplies gas to the chamber, for
avoiding plasma formation in the gas supply bore, for
example. This analysis also indicated that to
facilitate the multiple use, an optical access window
must be used to seal the clear optical aperture so as
to maintain a vacuum in the processing chamber, and
that the optical access window should be mounted at a
location at which the strength of the electric field
is substantially reduced. Such mounting was to reduce
damage to the optical window, e.g., to reduce damage
from plasma formation in the clear optical aperture
that reduces window clarity. Such plasma may create
particulate contamination and promote deposition onto
the optical access window. Thus, the analysis in the
Second Prior Application indicated that there is not
only the minimum diameter of the gas supply bore of
the clear optical aperture, which is in conflict with
the need for a small diameter gas supply bore, but
that there is also a minimum length of such gas supply
bores ofthe clear optical aperture necessary to reduce
such contamination and damage to the optical 



access window that facilitates the multiple use.
[0004] In the Second Prior Application this minimum
diameter of the clear optical aperture was compared to
gas bore passages provided in shielded gas inlets
described, for example, in U.S. Patent 6,500,299,
issued 12/31/02 to Mett, et al. Although multiple ones
of such passages are provided, the passages are
provided only for supplying gas to a process chamber.
For such purpose the gas is supplied through grains of
dielectric materials such as ceramics, and the
passages are defined by interconnected pores of the
porous ceramic that do not provide a clear
unobstructed line of sight as is required for optical
signal transmission. Such passages are thus not
suitable for providing clear optical access for the
exemplary interferometric or spectroscopic observation
of chamber processes. Moreover, it was noted in the
Second Prior Application that to mount such passages
of a gas bore inside a metal cup and to insert the cup
in the side wall of a process chamber as described in
the Mett et al. Patent, would undesirably subject the
metal cup to the plasma in the chamber, for example,
and introduce problems in sealing the metal cup to the
wall of the process chamber. [0005] The applicants of
the present application have determined that as
industry requirements or standards have increased
beyond those for which the First and Second Prior
Applications were directed, and beyond the use of such
interconnected pores in ceramic materials for gas
supply, further improvements are required to provide
even better access to such processing chambers for
simultaneous gas supply and optical access through a
clear optical aperture, and to do so at less cost for
components. For example, the present applicants have
identified a need for further improvements that would
provide the benefits of the allceramic, single piece
injector of the Second Prior Application that provided
multiple access (i.e., simultaneous gas supply and
optical access) to a process chamber, and to have
those benefits without the following considerations:
(1) requiring the injector to be fabricated from
ceramic material, but allowing use of ceramic
materials when appropriate, or (2) requiring the
injector to be coated with materials such as cerium
oxide, zirconium oxide, yttria-stabilized zirconia,
thermally-sprayed aluminum oxide, or yttrium oxide
deposited on the access aperture protect ceramic
materials from the effects of the process plasma, or
(3) depositing damaging deposits of particles on an
optical access window leading into the injector, or
(4) requiring long spacing of an optical access window
from the process chamber window toavoid damage to the
optical access window, all while facilitating
geometric advantages in an 



improved injector. [0006] In view of the foregoing,
the need for methods of and apparatus for providing
further improvements in accessing processing chambers
includes ways to provide improved multiple access
(e.g., simultaneous gas supply and optical access
through a clear optical aperture) to a process
chamber. This need also includes providing such
improved access when the access is for dual zone gas
supply, and when the optical access is subject to the
conflicting requirements of a relatively large minimum
diameter of the clear optical aperture (for optimum
optical access) and of a relatively small diameter of
a gas bore for gas supply to the chamber, e.g., to
avoid plasma formation in the gas bore. The problem
presented, then, is how to such provide further
improvements in accessing processing chambers, and how
to provide such improved access when the access is for
dual zone gas supply, and when the optical access is
subject to the above conflicting requirements, without
the four above considerations. Summary [0007] Broadly
speaking, embodiments of the present invention fill
these needs by providing methods of and apparatus for
accessing 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
theaccess 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. [0009] Embodiments of the present invention
may also include a gas injector for simultaneously
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 may include 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 may also be configured for reception in the
hollow body to define a bore surrounding the optical
path and configured with an optical access area for
simultaneously injecting the process gas into the
process chamber and for allowing optical access by an
optical signal from the process chamber through the
optical access window. The optical signal may have at
least a minimum signal-to-noise ratio (SNR). A septum
may be configured for reception in the gas bore, and
may be configured to divide the optical access area
into a plurality of optical signal apertures. Each of
the optical signal apertures may be configured so that
the optical signal apertures collectively transmit
through the optical access window the optical access
signal having at least the minimum SNR. [0010]
Embodiments of the present invention may further
include a method for optical access to process events
occurring in a process chamber. The method may include
an operation of defining a unitary gas and optical
access path configured to carry gas and transmit an
optical signal from the process chamber to an analysis
tool that operates in response to the signal having a
desired signal-to-noise ratio (SNR) for process
analysis. The defined path configuration may provide
clear optical access and be capable of transmitting
the desired SNR that is high enough for the tool to
accurately indicate the process analysis. The method
may also include an operation of dividing the unitary
gas and optical access 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.[0011]
It will be obvious; however, to one skilled in the
art, that embodiments of 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. Brief
Description of the Drawings [0012] The embodiments of
the present invention will be readily understood by
reference to the following detailed description in
conjunction with the accompanying drawings in which
like reference numerals designate like structural
elements, and wherein: [0013] FIG. 1 is a schematic
view of an embodiment of an apparatus of the present
invention for multiple access to a process 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
received 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 arid a sleeve
received in the housing, and showing a septum received
in the sleeve to provide improved optical access to
the process chamber; [0017] FIGs. 3B and 3C are
cross-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,
illustrating 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;[0019] FIG. 6 is a cross-sectional
view of a portion of the two-piece injector of FIG.
3A, 



illustrating an enlarged portion of the one end of the
housing and the corresponding end of the sleeve,
showing a U-shaped embodiment of an interface between
one end of the housing and a corresponding end of the
sleeve for minimizing particle generation in the
injector; [0020] FIG. 7A is an enlarged
cross-sectional view illustrating an upper end of the
housing and a corresponding end of the sleeve, showing
a flexure mounted on the sleeve between the sleeve 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 of a method embodiment of the present invention.
[0023] Other aspects 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 [0024] In the
following description, numerous specific details are
set 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.[0026] The described embodiments
may further include a method for optical access to 



process events occurring in a process chamber. The
method may include an operation of defining a unitary
gas and optical access path configured to carry gas
and transmit an optical signal from the process
chamber to an analysis tool that operates in response
to the signal having a desired signal-to-noise ratio
(SNR) for process analysis. The defined path
configuration may be capable of transmitting the
desired SNR that is high enough for the tool to
accurately indicate the process analysis. The method
may also include an operation of dividing the unitary
gas and optical access 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 is 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 5OE having a
large diameter and a port section 5OS 



having a smaller diameter. FIG. 2A also illustrates a
shield 52 in the section 5OE of the portfor protecting
an access region 53 from an electric field. Spaced
vertical dot-dot-dash lines define an exemplary
cylindrical access region 53. The access region may
thus be a threedimensional volume within an exemplary
hollow cylinder defined by those lines. In the
embodiment of the access region 53 shown in FIG. 2A,
the access region 53 extends into the window 48 and
has a portion co-extensive with the large diameter
section 50E, as described in the First Prior
Application, which has been incorporated by reference.
FIG. 2A also shows the injector 5 1 of an embodiment
of the present invention configured with a large
diameter exterior section received in the section 50E
and a small diameter exterior section received in the
section 50S of the port 50. [0030] FIG. 1 also
schematically shows the chamber 42 provided with
facilities 54 that require access to the chamber 48
via the port 50. The facilities 54 may require such
access to facilitate conducting deposition or etching
processes in the chamber 42, such as by supplying
process gases to the chamber. As one example of the
facilities 54, process gases may be supplied from one
or more gas supplies through the access region 52 and
the injector 5 1 into the chamber 42. With a pump (not
shown) reducing the pressure in the chamber 42 for the
deposition or etching processes, a source 58 of RF
energy with an impedance matching circuit is connected
to a coil 60 to energize the gas in the chamber and
maintain a high density (e.g., 10~p to 10 12 ions/cm3)
plasma in the chamber 42. The coil 60 may be the type
that inductively 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 illustrated by an exemplary line
AP in FIG. 2A. As an example 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 5 1 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, diagnosis or measurement, 



one at a time, such surface may be of the substrate
itself, or may be a structure (e.g., a die) on the
substrate, and the surface or structure may modulate
or otherwise change the signal S-IN.For example, there
may be a change in the amplitude, frequency or phase
of the signal as an indication of processing of the
substrate. As changed, the signal S-IN is referred to
as an output optical signal, or signal, S-OUT (FIG.
2A), that may be emitted from the chamber 48 and
transmitted through the injector 5 1 along the optical
path AP for reception by the tool 54T. Other types of
optical access may be provided, such as by using other
forms of the optical input signal S-IN (other than
white light), or by the substrate surface, structure
or process making other changes to the signal S-IN.
Such other forms of optical access are included when
references are made herein to "optical access", or to
the signal S-IN or to the signal S-OUT. [0032] FIG. 2A
also shows that the injector 5 1 may be configured for
such optical access by including a first bore 66
having an open, multiple, gas and optical access area
68 (FIG. 2B, identified by a double-ended arrow to
indicate the entire area within the bore). The bore 66
with the area 68 provides for gas flow to the chamber
42, and for clear optical access. The clear optical
access by this bore 66 with the area 68 is sufficient
to transmit the optical signals S-IN and S-OUT having
a normal, or desired, signal-to-noise ratio ("SNR" or
"desired SNR"). Such clear optical access is referred
to as the "desired optical access" and the optical
access area 68 providing such desired optical access
may be referred to as a "desired optical access area".
The signal S-IN is transmitted through an optical
access window 70 into the injector 5 1 and into the
chamber 42. The signal S-OUT is also transmitted out
of the chamber 42 and through the injector and through
the optical access window 70 to the tool 54T (FIG.
7B). With respect to the signal S-IN, 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.[0034] With
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 being "high 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 substrate has a relatively
high SNR that is "high enough", and the signal S-OUT
exiting the bore 66 and transmitted through the
injector 51 and the optical access window 70 still has
the relatively high SNR that is "high enough", all
absent the interference described below. Considering
interference, even if the bore 66 is configured to
facilitate transmission of the desired SNR and provide
the desired optical access, without the improvements
of embodiments of the present invention the signals
S-IN and S-OUT may be interfered with and may have a
substantially lower than normal, i.e., lower than
desired, SNR, such that the resulting optical access
may not be the desired optical access. The
interference may be by conditions along, or leading
to, the optical path AP. For example, if the optical
window 70 of the injector 5 1 becomes etched or coated
with deposited particles, both the SIN and the S-OUT
will have a reduced SNR, the tool 54T may be rendered
unable to accurately indicate the processing of the
substrate, and the optical access may not be the
desired optical access. Such coating may result from
an undesired plasma igniting (or lighting up) within
the injector 51. Particles created by the plasma may
deposit on the optical window 70, reducing the SNR of
each signal S-IN and S-OUT, which again may render the
tool 54T unable to accurately indicate the processing
of the substrate. References herein to "improved
optical access" provided by the embodiments of the
injector 5 1 indicate that the injector 5 1 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, i.e., to provide the
above "desired optical access". [0035] Without the use
of the shield 52, the electric field 62 may extend
between turns 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,W 12 including on the substrate (which lowers
process yield) and on the optical access window, which
as described above reduces the SNR of the signals
S-EST and S-OUT. Even if the bore 66 is configured to
facilitate transmission of the desired SNR (e.g., with
a desired optical access area), and even if such a
shield 52 is used, to meet the increased industry
standards for access to the processing chamber the
improvements of embodiments of the present invention
are needed to minimize reduction of the desired SNR,
i.e., so that the signal S-OUT is input to the tool
54T having the desired SNR. [0036] The embodiments of
the present invention may be used to substantially
avoid the problems caused by such undesired plasma
induced in the access region 52, while providing other
advantages described below. FIG. 2A shows the process
chamber window 48 in relation to the access region 53,
and a longitudinal axis X of the window 48 is
identified for reference. In the use of embodiments of
the injector 5 1 of the present invention, the large
diameter window section 5OE may receive the shield 52
for protecting the access region 53 and the injector 5
1. FIG. 2A shows one end of the shield 52 received and
held in the large diameter section 5OE by a foot 52F
as more fully described in the First Prior
Application. [0037] The injector 5 1 is configured in
two parts. A housing 90 is shown in FIG. 2A and a
sleeve 92 is received in the housing (FIG. 3A). FIG.
2A shows that a large diameter section of the housing
is received in the section 5OE of the port 50, and a
small diameter section is received in the small
section 5OS. When the housing is received in the port,
a housing shoulder 98 may rest against an opposite
shoulder 100 of the port, so that an end 9OE (FIG. 2A)
of the housing extends into the process chamber 42. To
the extent that the injector 5 1 and the shield 52
overlap, the injector 5 1 is within the shield 52 and
is protected from the electric field 62. [0038] FIGs.
2A and 3A show that the housing 90 is configured with
a hollow body 102. The end 9OE of the hollow body 102
is configured with a plurality of gas distribution
bores 104 that may distribute process gas (e.g., a
first gas) G l (FIG. 3A) to the process chamber 42 via
a 



plurality of nozzles 106. The sleeve 92 may be
configured for reception in the hollow body 102 to
define a first gas supply bore 108 for supplying the
first process gas Gl to the gas distribution bores
104, and then to the nozzles 106 and the process
chamber. The first gas supply bore 108 may be annular
in shape as defined by an annular space between an
inner wall 110 of the body 102 and an outer surface
112 of the sleeve. The gas G l is supplied to the
first bore 108 by a port 114 in the wall 110 of the
body 102.[0039] FIG. 2A also shows the injector 5 1
configured with the bore 66. The bore 66 is configured
with a section 116 extending between a stepped
shoulder 118 (FIG. 3A) and the end 9OE. As described
above, the bore 66 is configured with the area 68
(FIG. 2B) sufficient to transmit the optical signals
S-IN and S-OUT having the desired SNR, and the section
116, for example, serves this purpose. [0040] FIG. 3A
shows that at the stepped shoulder 118 the wall 110 of
the hollow body 102 becomes thinner to receive the
sleeve 92 and form the gas bore 108. The stepped
shoulder 118 cooperates with a shoulder 120 of the
sleeve 92 as described below. The sleeve 92 is
configured as a hollow tube having an inner wall 122
(FIG. 3B). The housing 90 is configured with a second
port 124 to supply second gas G2 to the sleeve 92, for
delivery to the bore 66. FIG. 2A shows that the bore
66 is partly surrounded by the lower end of the shield
52, and may introduce the second process gas G2 into
the chamber 42. The process gas G2 introduced by the
bore 66 may be different from the gas Gl supplied by
the first gas supply bore 108 and gas distribution
bores 104 and nozzles 106, for example, and may vary
according to the type of processing to be done in the
chamber. The process gases Gl and G2 may also be
supplied, for example, at different mass flow rates,
and the gases may be the same gas, for example [0041]
As described above, the analysis in the Second Prior
Application indicated that for the gas supply aspect
of the multiple use of an injector there was a need
for a relatively small diameter (exemplary diameter D1
significantly less than 0.5 inch) of an exemplary
circular gas bore. The need for 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
injector 5 1 to overcome this conflict in providing
the multiple, gas and optical access, to and from the
chamber 42. FIG. 3A, a crosssectional view of an
embodiment of the injector of FIGs. 2A and 2B,
illustrates the two-piece injector 5 1 as an
embodiment 51-1. Embodiment 51-1 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 thehousing 90 is mounted (as
shown in FIG. 2A) in the port 50 in the chamber window
48, the sleeve 92, septum 126, and optical access
window 70 are assembled with the housing as shown in
FIG. 3A. In such assembly, the housing 90, sleeve 92
and septum 126, with the optical window 70, may
combine to provide the above-described "desired
optical access" into and from the chamber 42 along the
axial path AP. The desired optical access is relative
to the noted exemplary diagnostic end point outside
the chamber 42 (e.g., relative to the tool 54T, FIG.
7B). Such desired optical access is also the "improved
optical access" described below. [0043] As described
above, whichever type of optical access is provided
(e.g., the collimated white light or another type of
optical signal S-IN), conditions along or leading to
the optical path AP may interfere with the signals
S-IN and S-OUT, such that the SNR of the signals may
become substantially lower than the desired SNR. The
above-described "desired optical access", that avoids
such substantially lower than desired SNR, may be
provided by the embodiments of the injector 5 1 that
are configured to reduce the above-described etching
and coating of the optical window 70, and to reduce
the likelihood of a 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 level, described
above as being high enough for the tool 54T to
accurately indicate the processing of the substrate.
The configuration of these embodiments of the injector
5 1 to provide the "improved (or desired) optical
access" is referred to herein as the "improved optical
access configuration", which may be as follows. [0044]
The septum 126 may be configured for reception in the
tube defined by the inner wall 122 of the sleeve 92
for allowing the desired (or improved) optical access.
The configuration of the inner wall 122 of the sleeve
92 (without the septum 126) defines an open area 129
(indicated by a double-ended arrow to denote the
entire area inside wall 122). The open area 129 is of
the tube defined by the sleeve 92 for gas flow and is
also sufficient to transmit the 



signals S-IN and S-OUT having the desired SNR, as
defined above. The septum 126 divides the open area
129 into at least two apertures 136 (FIGs. 3A and 3C).
Each aperture 136 is configured with a wall 138 that
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 142A that is
less than the area 129 of the wall 122 of the sleeve.
One aspect of the reduced area 142A isthat there are
more collisions between the walls 122 and 138 of the
apertures 136 and particles (e.g., from the chamber or
etched from the surface 128), which promotes
deposition of the particles on the walls 122 and 138
of the apertures 136 before the particles reach the
optical access window 70. Another aspect of the
reduced areas 142A is to suppress light up of plasma
in the apertures 136. Any tendency for plasma light up
has a reduced effect because plasma does not form in a
sheath around the surface 138 of the smaller-dimension
apertures 136, which reduces the extent of any plasma
in the smaller-dimension apertures 136, and thus
reduces etching of the optical access window 70 by
plasma. It may be understood that the deposition of
the particles on the walls 122 and 138 of the
apertures 136 before the particles reach the optical
access window 70 results in a reduced likelihood of
the optical access window 70 becoming coated with
deposited particles, and avoids that one cause of a
reduced SNR of both the S-IN and the S-OUT. Also,
suppression of light up of plasma in the optical
signal apertures 136, and the sheath in the
smaller-dimension of the aperture 136, not only reduce
the likelihood that a plasma will light up but
restrict the size of any such plasma. Also, with a
plasma less likely to form, and with a smaller plasma
if one is formed, etching of the optical access window
70 may be substantially reduced. The reduced
deposition on and etching of the window 70 serve to
maintain a higher SNR in each aperture 136, and an SNR
within the desired SNR. As described above, the input
to the tool 54T of the signal S-OUT having the desired
SNR enables the tool 54T to accurately indicate the
processing of the substrate. In more detail, each
aperture 136 allows transmission of a portion of both
of the optical signals S-IN and S-OUT that are
transmitted in the bore 66. The configuration of the
plurality of apertures 136 is such that there is
defined a collective, or aggregate, open area 142
(FIG. 3C). The area 142 is defined by combining the
areas 142A of 



all individual apertures 136 in the septum 126. Thus,
the area 142 is defined by the area of the at least
two apertures 136, and is about the same as the area
129 of the sleeve 92 without the septum 126. Each area
142A is defined by the septum 126 that defines the
apertures 136, and is the area of an aperture 136
between the location aligned with the port 124 to the
end 140 of the sleeve. The collective area 142 is
sufficient to maintain the SNR of the optical signals
S-IN and S-OUT high enough for the tool 54T to
accurately indicate the processing of the substrate.
In review, each of the open areas 142A defined by the
septum 126 may be referred to as a multiple, gas and
optical access, area in that each open area 142A
provides both the gas access for the exemplary gas G2
and, with the other areas 142A, provides thedesired
optical access, as defined above. Also, it is these
areas 142A that combine to form the collective area
142 that provides the desired optical access. [0045]
FIG. 4 illustrates one embodiment 126-1 of the septum
126, and shows a reference line 5A/B indicating
respective embodiments 126-2 and 126-3 of the septum
126. FIGs. 3C and 4 show the embodiment 126-1 of the
septum 126 in which the wall 122 is circular and the
septum is configured in the form of one web that
bridges across the diameter of the circular wall 122.
The web divides the open exemplary circular area 129
defined by the wall 122 into two of the apertures 136,
each extending parallel to the axial path AP and along
the complete length of the sleeve 92 and of the septum
126-1. FIG. 3A shows that the septum 126-1 is
configured to extend from the port 124 to the end 140
as described below. [0046] FIG. 5A illustrates the
embodiment 126-2 of the septum 126 in which the wall
122 is also circular, and the septum 126 is configured
in the form of one X-shaped web that bridges across
two diameters of the circular wall 122. Alternatively,
the web may be configured from more than one member,
wherein the many members cooperate to define the
X-shape. The web of the septum 126-2 divides the open
exemplary circular area 129 defined by the wall 122
into four of the apertures 136-2, each extending
parallel to the axial path AP and along the complete
length of the septum 126. The septum 126-2 is
configured to extend from the port 124 to the end 140
as described below. [0047] The septum embodiments
126-1 and 126-2 may be configured by machining a solid
rod of material to define the webs, for example.
Alternatively, the web of the septum 126 may be welded
or otherwise secured to the wall 122 of the sleeve 92.
Also, as shown in FIG. 5B, the embodiment 126-3 of the
septum 126 may be configured in the form of pre-formed



open tubes 130T received in the wall 122 that is also
circular. The septum 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., made
from a polymer such as PTFE. Alternatively, the sleeve
may be made from an initially solid core and drilled
to form holes similar to the tubes 130T. The open
tubes 130T divide the open exemplary circular area 129
(FIG. 3B) defined by the wall 122 into embodiments
136-3 of the apertures 136, one aperture 136-3
corresponding to each of the tubes, with each tube
extending parallel to the axial path AP and along the
complete length of the septum. Each aperture 136-3
allows transmission of a portion of both of the
optical signals S-IN and S-OUT that are transmitted in
the bore 66. The configuration of the plurality of
apertures 136-3 is such that there is defined an
embodiment 142-3 (see double-headedarrow in FIG. 5B)
of the collective, or aggregate, open area 142
described with respect to FIG. 3C. This area 142-3 is
defined by the sum of the areas within the total
number of apertures 136-3, and is about the same as
the area 129 of the sleeve 92 without the septum 126.
This collective area 142-3 is thus defined by the
collective areas 142-3A of the apertures 136-3. The
collective area 142-3 is sufficient to maintain the
SNR of the optical signals S-IN and S-OUT high enough
for the tool 54T to accurately indicate the processing
of the substrate. [0048] Other (e.g., non-circular)
configurations of the septum 126 (e.g., 126-x, not
shown) may be provided, and serve in the manner
described below to overcome the conflict between the
high desirability of using a large aperture for
optical access, and the need for a relatively small
dimension of an aperture for the gas supply. Each such
embodiment 126-1 through 126-3, and 126-x, is
configured to have the "improved optical access
configuration", in which the open (exemplary circular)
area 129 defined by the wall 122 is divided into the
gas/optical signal apertures 136, each extending
parallel to the axial path AP and along the complete
length of the septum 126. Each aperture provides the
above- described clear optical access. In respect to
each such embodiment 126-1 or 126-2 or 126-3 or 126-x,
for example, the configuration of the gas/optical
signal apertures 136 is such that the collective, or
aggregate, open area 142 defined by the internal areas
of all of the gas/optical signal apertures 136
together is sufficient to enable the SNR of the
optical signals S-IN and S-OUT to be high enough for
the tool 54T to accurately indicate the processing of
the substrate. Further, in the continued use of such
embodiments 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 54T 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 theseptum 126 for supply of
the gas G2 to the chamber 42 and optical access, while
avoiding plasma formation inside the surface 128.
[0050] FIG. 3A shows other details of the two-piece
injector 51. FIG. 3A shows an embodiment of a Z
interface between the shoulder 118 of the housing 90
and a corresponding end 92E of the sleeve 92. The
shoulder 118 and end 92E are configured with
complementary surfaces that mate to form an interface
150. Among the many functions (described below) the
interface 150 restricts, or limits, a flow of the
first gas Gl from the bore 108 to the bore 66, and
also restricts, or limits, a flow of the second gas G2
from the apertures 136 to the bore 108, both referred
to as "low flow conductance". [0051] FIG. 6 is a
cross-sectional view of a portion of the two-piece
injector 5 1 of FIG. 3A, illustrating an enlarged
portion of the shoulder 118 of the housing and an
embodiment of the corresponding end 92E of the sleeve,
and showing a U-shaped embodiment 150-2 of the
interface 150. The shoulder 118 and end 92E are
configured with complementary surfaces that mate to
form the low flow conductance interface 150-2. The
shoulder 118 is shown configured with a U-shaped,
stepped groove having an annular extent around the
axial path AP. The end 92E is shown configured with an
annular-shape projection extending around the axial
path AP and into the U-shaped, stepped groove of the
shoulder 118. [0052] FIG. 7A is an enlarged
cross-sectional view illustrating 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
sleeve 92 and the 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.,against
the shoulder 118. The end 92E urged against the
shoulder 118 of each of the interfaces 150 and 150-2
provides a mating interface surface that is effective
to minimize, if not eliminate, generation of particles
in the injector 51. Such elimination (or minimization)
results from the urging holding the end 92E and
shoulder 118 tightly together so as to eliminate (or
minimize) relative movement between the end and the
shoulder. The lack of relative movement avoids rubbing
of the end against the shoulder, and combines 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 window 70.
[0053] In another embodiment, minimization, if not
elimination, of generation of particles in the
injector 5 1 may result from use of a gasket between
the end 92E and shoulder 118 of the interface 150. The
gasket may be made from a material (such as PTFE) that
has a characteristic of low particle generation, such
that any motion of the end 92E relative to the
shoulder 118, for example, does not result in any
substantial generation of particles. 0054]
Additionally, the flexure and related structure that
eliminates (or minimizes) relative movement between
the end and the shoulder avoid use of any O-ring
inside the sleeve 92 and inside the housing 90, which
further eliminates a source of particles in the
injector 51, and thus in the clear optical aperture
through which the optical signals S-IN and S-OUT are
transmitted. [0055] FIG. 7B also illustrates that the
force applied by the window 70 compresses an O-ring 



174 into a sealing groove 176 to seal the port 124 and
the gas G2 from the atmosphere, thus the O-ring is not
inside the housing or the sleeve. [0056] FIG. 3A also
shows the upper end 162 of the sleeve 92 configured
with openings 180 to facilitate entry into the
apertures 136 of the septum 126 of the second gas G2
from 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 Gl from the bore 108 to
the port 124. Two, the wiper 184 restricts, 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.[00571 It may be
appreciated that the O-ring 174, the flexure 164, the
interface 150, and the wiper 184 serve to enable the
bore 108 and the apertures 136 of the septum 126 to
define separate gas flow paths for the gases Gl and
G2. In this manner, separate gas injection into the
chamber 42 may be provided from the nozzles 106 (for
the first gas Gl) and from the injection bore 66 of
the housing 90 (for the second gas G2). The separate
gas flow paths for the gases Gl and G2 enable the
selection during detailed design of the injector 5 1
of desired mass flow rate(s) of the gas(es) for
obtaining desired process conditions. [0058]
Embodiments of the present invention may also include
a method for providing the desired optical access to
process events occurring in the process chamber. An
embodiment of the method may be understood by
reference to FIG. 8, which shows a flow chart 190. The
method moves from start to an operation 192 of
defining a multiple, gas and optical, access path that
is configured to transmit an optical signal from the
process chamber to an analysis tool that operates in
response to the signal having a desired
signal-to-noise ratio (SNR) for process analysis. The
defined path configuration is unitary and capable of
transmitting the desired SNR that is high enough for
the tool to accurately indicate the process analysis.
Operation 192 may be performed by the sleeve 92 being
configured with the inner wall 122. As described
above, the configuration of the sleeve inner wall 122
without the septum 126 is such that the open area 129
(FIG. 3B) defined by the inner wall 122 is sufficient
to transmit the signals S-IN and S-OUT having the
desired SNR, as defined above. The open area 129 of 



the sleeve 92 may conform to the multiple, gas and
optical, access path of operation 192 in that both the
gas G2 and the clear optical access are provided
through the open area 129. With respect to the signal
S-IN, and to the signal S-OUT transmitted out of the
injector 6 1 through the optical access window 70 to
the tool 54T, for example, this desired SNR is defined
above as that required by the tool 54T for accurate
process analysis, diagnosis or measurement. Operation
192 may also configure the access path with the
optical access window 70 adjacent to the analysis tool
54T. [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 area
129 into at least two apertures 136, each of which is
configured with the reduced area 142A that extends
parallel to the axial path APfrom a location aligned
with the port 124 to an end 140 of the sleeve. The
apertures 136 combine with the bore 66 and the optical
access window 70 to extend between the process chamber
42 and the analysis tool 54T. Also, the configurations
of the apertures 136 collectively maintain the desired
SNR of the optical signals S-IN and S-OUT during the
process events occurring in the process chamber 42.
[0060] In more detail, operation 194 may configure the
size of the apertures 136 closer to the mean free path
of particles in the gas and optical access apertures
136 to promote collisions 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
dimension 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 of 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 resulting
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 thewindow
70. As described above, the input to the tool 54T of
the signal S-OUT having the desired SNR enables the
tool 54T to accurately indicate the processing of the
substrate. [0062] Operation 194 may perform the
dividing by providing walls separating the gas and
optical path into a plurality of gas and optical
apertures. Each of the apertures may be an aperture
136 as described above, and may be separate from all
of the other gas and optical passages. This dividing
operation may be performed by the septum 126, to
divide the open area 129 into the apertures 136, each
of which is configured with the walls 122 and 138 that
extend parallel to the axial path AP. As described
above, operation 194 results in deposition of
particles on the surfaces 122 and 138 of the apertures
136 before the particles reach the optical access
window 70. Collectively, all of the plurality of gas
and optical apertures 136 are configured to transmit
the optical signal S-OUT through the optical window 70
to the analysis tool 54T, wherein the optical signal
S-OUT has the desired SNR that may still be high
enough for the tool 54T to accurately indicate the
processing of the substrate, as described above.
[0063] Another embodiment of the method of flow chart
190 may include an operation of removing the deposit
of particles from the walls 138 of the apertures 136.
For such operation, the sleeve 92 and septum 126 may
be removed from the housing 90, and the apertures 136
cleaned before replacing the sleeve and septum in the
housing. In another embodiment, a 



cleaning operation may be performed in the process
chamber 42 to remove the deposit of particles from the
walls 122 and 138 of the apertures 136, thus avoiding
opening the chamber 42. [0064] In summary, the
described embodiments of the present invention meet
the abovedescribed need for further improvements to
provide the above-defined multiple access to a process
chamber. The problem defined above is overcome by a
problem solution providing further improvements in
accessing processing chambers, and providing such
improved access when the access is for dual zone gas
supply, and when the optical access is subject to the
above conflicting requirements. Further, the problem
solution is accomplished without the four
considerations identified above in paragraph 0005.
Initially, the injector 51 provides the above-defined
clear optical access and desired optical access.
[0065] These needs are also met, and the problem
solution is accomplished, without depositing damaging
amounts of particles on an optical access window
leading into the injector. Oppositely, it is shown
above that the septum 126 is configured to provide
adimension across the apertures 136 smaller than a
corresponding dimension 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
number of collisions by particles with the walls 122
and 138 of the apertures 136. More collisions between
particles and the wall 122 and 138 of the surfaces 138
promotes deposition of the particles on the surfaces
122 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 Gl and G2 effectively
apart. [0067] These needs are met, and the problem
solution is accomplished, without requiring the
injector 5 1 to be fabricated from a particular
material, and instead by allowing use of various
materials for the various 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
ceramics 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. Quartz may be used if the process, for
example, is compatible with quartz. 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,
temperature, power, etc.) are compatible with a
particular polymer, then all of these components may
be made from that polymer. Ofparticular advantage is
making the housing 90 from a polymer as this
alleviates a need for the coating that some ceramics
require. It may be understood that a most plasma-
resistant embodiment (i.e., most resistant to plasma
and high electric fields) is an "all-ceramic"
configuration in which each of the housing, sleeve and
septum is made from ceramic. 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 5 1 in
harsh (intense) plasmas because the ceramic housing
90, whether or not coated, resists the plasma, and the
sleeve 92 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
5 1 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.What
is claimed is 1. A gas injector for a process chamber
configured with an optical access window allowing
optical access to and from the process chamber, the
injector comprising: a sleeve configured with a bore
defining a path for gas and for the optical access,
the bore being configured with an access area
configured to flow process gas and transmit an optical
access signal having a desired signal-to-noise ratio
(SNR); and a septum 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 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 I 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
aperture 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 the at least two separate access
apertures are configured by the septum to collectively
allow transmission of the optical signal indicating
the condition of the substrate, the transmission being
from the process chamber through the respective at
least two separate access apertures and through the
optical access window to a location outside the
chamber. 5. A gas injector as recited in claim 1,
wherein each of the at least two separate access
apertures is at least three separate access
apertures.6. A gas injector for simultaneously
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
simultaneously injecting the process gas into the
process chamber and for allowing 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, each of the optical signal apertures being
configured so that the optical signal apertures
collectively transmit through the optical access
window the optical access signal having at least the
minimum SNR. 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 theoptical 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. 11. A gas injector
as recited in claim 6, wherein the septum is
configured with a cross-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 injector as
recited in claim 6, wherein the septum is 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 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
mating 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. 15. A gas injector as recited in claim
6, wherein: the hollow body is configured with spaced
first and second gas inlets and an annular pad located
between the spaced gas inlets; andthe 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. 17.
A method for optical access to process events
occurring in a process chamber, the method comprising
the operations of: defining a unitary gas and optical
access path configured to carry gas and transmit an
optical signal from the process chamber to an analysis
tool that operates in response to the signal having a
desired signal-to-noise ratio (SNR) for process
analysis, the defined path configuration being capable
of transmitting the desired SNR that is high enough
for the tool to accurately indicate the process
analysis; and dividing the unitary gas and optical
access path into a plurality of separate gas and
optical access apertures between the process chamber
and the analysis tool, the dividing configuring the
separate apertures so that the apertures collectively
maintain the desired SNR of the optical signal
transmitted to the tool. 18. A method as recited in
claim 17, wherein the path is configured with an
optical access window adjacent to the analysis tool,
and wherein: the dividing operation configures the
apertures to reduce a likelihood of plasma formation
in the separate gas and optical access apertures,
increase depositing of particles in the apertures, and
reduce numbers of particles moving past the apertures
to the optical access window. 19. A method as recited
in claim 18, the method comprising the further
operation of removing the deposit of particles from
the walls of the apertures.20. A method as recited in
claim 17, wherein the dividing operation is performed
by providing walls separating the combined gas and
optical path into the gas and optical apertures, the
gas and optical apertures being separate from each
other and being configured to collectively transmit to
the analysis tool the optical signal having the
desired SNR. 21. A method as recited in claim 17,
wherein the dividing operation is performed using a 



sleeve configured with a septum, the method further
comprising the operations of: closing the path using
an optical access window mounted on a housing; and
minimizing a generation of particles in the housing
and the sleeve. 22. A method as recited in claim 21,
wherein the minimizing of the generation of particles
in the housing and the sleeve is performed by holding
the housing and the sleeve in contact with each other.
23. A method as recited in claim 21, wherein the
minimizing of the generation of particles in the
housing and the sleeve is performed by providing a
gasket between the housing and the sleeve, the gasket
being configured from a material having a
characteristic of low particle generation during
relative movement between the housing and the sleeve. 


