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NEAR | NFRARED SPECTRAL REFLECTOVETRY BACKGROUND Fi el d pool ] Enbodi ment s of

t he i nverwDanodyganessal |y rel ate to processes for fabri caPChgisetoems8428Ni c

devi ces on substrates, and nore specifically, to nonitoring process
paranmeters in an electronic device fabrication process. Description of the
Rel ated Art [0002] The denand for faster, nore powerful integrated circuit
(1C) devices has introduced new chal lenges for I1C fabrication technol ogy,
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or vias on a substrate, such as a sem conductor wafer. For exanple, deep
trench storage structures SRECTRALREFUECTOMETRYdom access nenory
applications require deep high aspect ratio trenches etched into a

sem conMgE)ate Deep silicone trench etching is typically carried

out in n etching (RIE) process utilizing a silicon oxide mask.

[ 0003] Cpignt i onal systens whi ch have shown robust perfornmance in etching
[0001] Embodiments of the invention generally relate to processes for fabricating
electronic devices on substrates, and more specifically, to monitoring process

parameters in an electronic device fabrication process.

Description of the Related Art

[0002] The demand for faster, more powerful integrated circuit (IC) devices has
introduced new challenges for IC fabrication technology, including the need to etch
high aspect ratio of features such as trenches or vias on a substrate, such as a
semiconductor wafer. For example, deep trench storage structures used in some
dynamic random access memory applications require deep high aspect ratio
trenches etched into a semiconductor substrate. Deep silicone trench etching is
typically carried out in a reactive ion etching (RIE) process utilizing a silicon oxide

mask.

[0003] Conventional systems which have shown robust performance in etching
high aspect ratio features in semiconductor wafers is the APPLIED CENTURA
HART™ Etch System and the Decoupled Plasma Source (DPS®) system available

T™ etching

from Applied Materials, Inc. located in Santa Clara, California. The HAR
system utilizes a MERIE reactor capable of etching trenches having aspect ratios up
to 70:1 while maintaining trench depth uniformity of 5 percent from center to edge.
However, in order to enable fabrication of integrated circuits having sub-90nm
critical dimensions, circuit designers have demanded improved trench uniformity at
even higher aspect ratios. Thus, it would be desirable to improve etching

performance to enable the realization of next generation devices.

[0004] In order to meet these challenges, improvements must be made in
monitoring process parameters on the wafer, such as wafer temperature and feature

depths or dimensions, during processing. Generally, conventional measurement
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hi gh aspect ratio features in sem conductor wafers is the APPLI ED CENTURA
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herein g[)ﬁ’l\'ﬂﬂﬁf nmet hod and apparatus for
[0006] Embodiments described herein provide a method and apparatus for

obtaining process information in a substrate manufacturing process using plasma.

[0007] In one embodiment, a processing chamber is described. The processing
chamber includes a chamber body assembly having a processing volume, a
showerhead assembly coupled to a ceiling of the chamber body and having a region
transmissive to an optical metrology signal, an optical monitoring device arranged to
view the processing volume at a radial position of the chamber body, and a spectral
sensing system arranged to view the processing volume of the chamber body
through the transmissive region of the showerhead assembly at an angle orthogonal

to the plane of the showerhead.

[0008] In another embodiment, a fiber optic cable bundle coupled to a radiation
source and a spectrometer is described. The fiber optic cable includes a first portion
comprising at least one source fiber, a second portion comprising a plurality of first
source fibers and a plurality of first signal fibers in communication with the radiation
source, wherein a portion of the plurality of first source fibers are arranged in a
spaced-apart relationship relative to the plurality of first signal fibers, and a third
portion comprising a plurality of second source fibers, a plurality of second signal

fibers, and a plurality of inactive fibers.
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obt ai ning process information in a substrate manufacturing process using
pl asma. [0007] 1 n one enbodi nent, a processing chanber is described. The
processi yochevierséi ncl udes a chanber body assenbly haviPAg/E2@008L8%i ng
vol une, a showerhead assenbly coupled to a ceiling of the chanber body and
having a region transm ssive to an optical netrology signal, an opti cal
noni toring device arranged to view the processing volune at a radial
position of the chanber body, and a spectral sensing system arranged to
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[0011] In another embodiment, a method for processing a substrate is described.
The method includes etching a substrate positioned on a substrate support disposed
in an etch chamber, the substrate etched through a patterned masking layer in the
presence of a plasma, introducing optical energy into the plasma and directed
towards the substrate, collecting a first signal and a second signal from the plasma,
routing the first signal through a fiber optic bundle to a detector, wherein the fiber
optic cable bundle comprises a first portion comprising at least one source fiber
having a first end coupled to a radiation source and a second end positioned to
direct radiation from the source into a processing chamber, a second portion
comprising a plurality of first return fibers having a first end in communication with at

least one spectrometer and a second end positioned to receive optical signals
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embod Mg, e plfali Tnnablds IBRLE rufBhiT fnd REcRi il ar st thir
portion are arranged on a common radius, and each source fiber is separated along
the common radius by either at least one of the return fibers, at least one of the

inactive fibers, or both return and inactive fibers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] So that the manner in which the above recited features can be understood

in detail, a more particular description, briefly summarized above, may be had by
reference to embodiments, some of which are illustrated in the appended drawings.

it is to be noted, however, that the appended drawings illustrate only typical
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It is to be noted, however, that the appended drawings illustrate only
typical WD 2009/ 111156PCT/ US2009/ 034257 enbodi nents of this invention and
are ther avoreowioi1isso be considered limting of its scop®CTfuseomwiead2shvent i on
may admt to other equally effective enbodi ments. [0014]Figure 1 is a
sectional view of one enbodi mrent of a processing chanber. [0015]Figure 2 is

a sectional

vi ew of one enbodi nent of the showerhead assenbly of Figure 1.

[0016] Figure 3 is a schematic view of one enbodi nent of a spectral sensing

syst em ofrPRdirh&htg UstehitAnlEnfidh bﬁ@@brthéréﬂ’)@ﬁoﬁﬁﬁbé QRAIFEIVIiIRTitirR8F its
enbodi ment of a fiber optic cable bund
scope, for the invention may admit to other equally effective embodiments.

[0014]

[0015]

Figure 1 is a sectional view of one embodiment of a processing chamber.

Figure 2 is a sectional view of one embodiment of the showerhead

assembly of Figure 1.

[0016] Figure 3 is a schematic view of one embodiment of a spectral sensing
system.
[0017] Figure 4A is an isometric cross-sectional view of one embodiment of a

fiber optic cable bundle.

[0018]

Figure 4B is a cross-sectional view of another embodiment of a fiber optic

cable bundle.

[0019]

Figure 5 is a schematic cross-sectional view of one embodiment of an

optical transmission device.

[0020]

Figures 6A and 6B show schematic, cross-sectional views of a substrate

in an etch process.

[0021]

Figure 7 is a schematic cross-sectional view of another embodiment of a

substrate in an etch process

[0022]

Figure 8 is a graph representing data collected during a micro electro-

mechanical system (MEMS) etch process.

[0023]

Figure 9 is a graph showing plasma emission data collected during an

etch process.

[0024)

Figure 10 is a graph showing points of the silicon absorption edge as a

function of substrate temperature.

[0025]

Figure 11 is a schematic diagram showing reflectance of various elements

of the optical transmission device.
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[0018] Figure 4B is a cross-sectional view of another enbodi ment of a fiber
optic cable bundle. [0019]Figure 5 is a schematic cross-sectional view of
one enbodwOepy/wi1san optical transm ssion device. [0020PErgisees/ os2sand 6B
show schematic, cross-sectional views of a substrate in an etch process.
[0021]Figure 7 is a schematic cross-sectional view of another enbodi nent of
a substrate in an etch process [0022] Figure 8 is a graph representing data
collected during a mcro electro- nechanical system (MEMS) etch process.

[ 0023] Figgggie 9 Rigur 95308 shewmdie dharm RFERgoshdahbotrhbrCLEd pladhgg an

filtering method.

[0027] Figure 13 is a graph showing raw absorption spectrum data as compared

to filtered absorption spectrum data.

[0028] Figure 14 is a flowchart showing one embodiment of an endpoint

detection method.

[0029] To facilitate understanding, identical reference numerals have been used,
wherever possible, to designate identical elements that are common to the figures.
It is contemplated that elements of one embodiment may be advantageously utilized

in other embodiments without further recitation.

DETAILED DESCRIPTION
[0030] While embodiments described herein are exemplarily described as an

etch process performed in an etch chamber, it is contemplated that aspects
described herein may be used in other chambers and processes. Examples include
deposition chambers, such as epitaxial deposition chambers, chemical vapor
deposition (CVD) chambers, plasma enhanced chemical vapor deposition (PECVD)
chambers, physical vapor deposition (PVD) chambers, and the like. Other
processes include plasma treating and rapid thermal processing (RTP) chambers,
among other processes utilizing high temperatures and/or a need for real-time

monitoring of process parameters.

[0031] Figure 1 is a sectional view of one embodiment of an exemplary
processing chamber 100 adapted as a plasma chamber. In one embodiment,
processing chamber 100 is suitable for etching high aspect ratio features in a
substrate 144. The processing chamber 100 includes a chamber body 102 and a lid
104 which bounds a processing volume 106. The chamber body 102 is typically
fabricated from aluminum, stainless steel, or other suitable material. The chamber
body 102 generally includes sidewalls 108 and a bottom 110. A substrate access
port (not shown) is generally defined in a side wall 108 and is selectively sealed by a

slit valve to facilitate entry and egress of the substrate 144 from a substrate support
-6 -



etch process. [0024]Figure 10 is a graph show ng points of the silicon
absorption edge as a function of substrate tenperature. [0025]Figure 11 is
a schematwo 2dd%agiesm showi ng refl ectance of various el eneaTAISe09 BRSOt i cal
transm ssion device. WO 2009/ 111156PCT/ US2009/ 034257 [0026] Figure 12 is a
schemati c di agram depi cti ng one enbodi nent of a plasma filtering nethod.
[01327]Figure 13 is a graph show ng raw absorption spectrum data as
conpared to filtered absorption spectrum dat a.

assembly 148 disposed in the processing volume 106. An exhaust port 126 is

defined in the chamber body 102 and couples the processing volume 106 to a pump
system. The pump system generally includes one or more pumps and throttle
valves utilized to evacuate and regulate the pressure of the processing volume 106
of the processing chamber 100. In one embodiment, the pump system maintains the
pressure of the processing volume 106 at operating pressures typically between
about 10 mTorr to about 20 Torr. A liner 112 may be coupled to an inner surface of
sidewall 108 to protect the interior of the processing chamber 100. The liner 112

may also be disposed on portions of the substrate support assembly 148.

[0032] The substrate support assembly 148 is disposed in the processing volume
106 of the processing chamber 100 below the showerhead assembly 130 and holds
the substrate 144 during processing. The plane of the substrate receiving surface of
the substrate support assembly 148 is substantially parallel to the plane of the
showerhead assembly 130. The substrate support assembly 148 generally includes
a plurality of lift pins (not shown) disposed therethrough that are configured to lift the
substrate from the support assembly 148 and facilitate exchange of the substrate

144 with a robot (not shown) in a conventional manner.

[0033] A controller 150 is coupled to the processing chamber 100. The controller
150 includes a central processing unit (CPU), a plurality of input/output (1/O)
devices, support circuits (e.g., power supplies, clock circuits, bus controllers, cache,
and the like), read-only memory (ROM), and random access memory (RAM).
Instructions for an etch process, described below, may be stored on a computer

readable medium within the controller 150 and executed by the controller 150.

[0034] In one embodiment, the substrate support assembly 148 includes a
mounting plate 162, a base 164 and an electrostatic chuck 166. The mounting plate
162 is coupled to the bottom 110 of the chamber body 102 includes passages for
routing utilities, such as fluids, power lines and sensor leads, among other utilities, to
the base 164 and chuck 166. At least one of the base 164 or chuck 166 may
include at least one optional embedded heater 176 and a plurality of conduits to
control the lateral temperature profile of the support assembly 148. In the
-7 -



[0028] Figure 14 is a flowhart show ng one enbodi nent of an endpoi nt
detection nethod. [0029] To facilitate understanding, identical reference
nuner al s Weveodaersoused, wherever possible, to desi gnat @Crdsatmoad2sel enent s
that are comon to the figures. It is contenplated that el enents of one
enbodi mrent may be advantageously utilized in other enbodi nents w thout
further recitation. DETAILED DESCRI PTION [0030] Wil e enbodi nents descri bed
herein are exenplarily described as an etch process performed in an etch

chanber embbdirsemtodéEatedanekigtitat, aspevhsuideses HZ0 dver disposay irbtheubgsk i n
Exampl es i nclude deposition chanbers, such as
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- 6- the optical monitoring system 140.

[0036] The processing chamber 100 includes at least one optical metrology
module, such as an optical monitoring system 140 and/or an optical monitoring
device 128. Both of the optical monitoring system 140 and optical monitoring device
128 are positioned to view or access at least one or both of the processing volume
106 of the chamber body 102 and the substrate 144. In one application, the optical
signals analyzed by the optical monitoring system 140 provides information that
enables process adjustment to compensate for incoming pattern inconsistencies
(such as critical dimensions (CD’s), film thickness, width/dimensions of structures,
and the like), provides process state monitoring (such as plasma monitoring,
temperature monitoring, CD’s, and the like), and/or end point detection, among other

functions.

[0037] The optical monitoring device 128 also includes a window 127 that is
positioned generally radially on the chamber body 102 with respect to the substrate
support assembly 148 and may function as an optical emission spectrum (OES)
monitor. The optical monitoring device 128 may be configured to monitor plasma
state, the degree of chamber matching, and source(s) of chamber fault, among other
optical attributes within the processing chamber 100. One optical monitoring tool
that may be adapted to benefit from embodiments described herein is the EyeD®
full-spectrum, interferometric metrology module, available from Applied Materials,
-8-



WO 2009/ 111156PCT/ US2009/ 034257 assenbly 148 di sposed in the processing
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B i 198° Tt S fhfegladtRINA 1SOMEHARIR REMBIL S dfa] ISP, |
enbodi nemopticdensublepy signad.ugber aptesd e tiangniskve nedionles passagmt BAdn pheat e
162, a hase 164 and an.electrostatic chuck 166. The nountin | at e is
coo) o ivemean HE bt 4501 BRlin Tk AIcng i ept i ante T Sedel 4E
routi ngtdl&ié\bv!thb%?océé#ﬁ’ig aslubladh 8 anB%ub'sirﬁﬁaﬁM%o%ﬁi@ﬁ@H dre@eSsuRTraRy
other utilities, to the base 164 and chuck 166. At | east one of the base

164 or skt agemivly Tid8c| T passagem s orry b matdriabnivedgedulecant pluraling and
2000 bl SR, 6, BRB8h, S Ay Db ls e
substantially transmissive to the wavelengths of energy generated by, and reflected
back to, the optical measuring system 140. The passage 138 is positioned
substantially orthogonal to the plane of the substrate 144. In one embodiment, the
passage 138 includes a plate 143 to protect the window 142 from the harsh

environment of the processing volume 106. The plate 143 may be a sapphire
material, a quartz material, an optical ceramic, such as yttrium oxide (Y»QOzg), or other

suitable material. The plate 143 may alternatively be disposed in the lid 104

between the window 142 and the processing volume 106.

[0039] In one embodiment, the showerhead assembly 130 is configured with a
plurality of zones that allow for separate control of gas flowing into the processing
volume 106 of the processing chamber 100. In the embodiment Figure 1, the
showerhead assembly 130 has an inner zone and an outer zone that are separately
coupled to a gas panel that is coupled to the processing chamber 100 to provide

process and/or cleaning gases to the processing volume 106 through separate inlet

-9-



enbodi ment depicted in Figure 1, two conduits 168, 170 are disposed in the
base 164, while a resistive heater 176 is disposed in the chuck 166. The
condui t s WO009l1A01sand heater 176 are utilized to controlPCTRS20080p5at ur e of
t he base 164, thereby heating and/or cooling the electrostatic chuck 166,
thereby controlling, at least in part, the tenperature of the substrate 144
di sposed on the electrostatic chuck 166. [0035]The lid 104 is sealingly
supported on the sidewall 108 of the chanber body 102 and nay be opened to
al | ow apodssi32y 13#. pifbe gssi p@&ldbmmpl@ﬁtmgastm)memexﬁi s‘rg)wr‘l)anmbeelivlaﬁio.
The lid 104 |nclude w_ndow ﬁ ag fgpl|lt opt| rocess

moni t or PRECSE (Ha5RE AMbEATHEGASEE fig t0F ARighpeis QRIOBFSUAG SROFS,

quart z, iffuddt BRT1, S HEralNFg, Ot 8hd adiF] hahohg éth@ﬂ’sm%n\(&eé(})fa&rﬂ@ rg%@és
signal utilized by the optical nonitoring system 140. [ 0036] The processi ng

chanber iNcplel Ne| eieAr, atharagases dmest ipthecpriocass aotl ogy-reactive gasesich as an
optical nonitoring system 140 and/or an optical noni tor| ng device 128 Bot h

of the cal o) e 4 1cal i deV| are
posi 11 ottt o' JHohg el et M AeREE oRBhi<ifa, SHRteh P AP i SELERS 58 e
106 of mleasaHagtGD’ spéithy tHiokRnesy] dnideplasirt amtisutéd bithkn ihBRu d00ling pldsPia t he
optical signals analyzed b%/lbt he optical nonitoring system 140 provi des

i nf or maPYasESERE %’PFHBfe%XE c@@iorﬁdj%s@ﬂ%htp@%fnéo%@é;ét@)forTh%c@?ﬁ%
fi
patt er ggigmen@g Sé,@ﬂ&hemw S (R smatarcmorgaﬁajvaheﬁﬁctﬁg%a&ca| fell

I mensions of structures Fovigeg- pr%cess
stat e nmchhiguesgsfsiuab specpbasopy, imerfecsmagy, $cmmombwerefmudmmmganw S,

and the_ li nd/ or. nd Qint detectio no t her functions 0037] The
opticall hﬁoﬁf% orﬂ’r?g 0839? crhonggring sgdsferﬁ'élli@jeg‘ &?nﬁwﬁ&wpﬁé@ﬁﬂgumm. oned
gener al i@ hsre t te
support b%rsf(g@nbaﬁylh{%mgﬁ%%r'rﬁy f un(rr:lp ?g%ME@agﬁ\’%p@? I ca@ﬂﬁfﬁ iﬁ%@ﬁ%g? ﬁ%é§

moni t orin fhlaetlmptd%wnnﬂmatsorlngwqwmnc@ thza‘nnggfs hretlnmhfquanew dbmailrm,mlmd)r

pl asma sta t he degr ha mat.c apd source ha er
Pt DeolPolnBesgHle daf <1t o cTolR o e, ARUGREE L0 o hedsll %0

One optsm@traﬂ@mwm mgalt ﬂmle t edtai@)f bﬁ)v@d@ﬂﬁ@j obficieRRhitbrih§ BY %mm ment s
descri bed herein is the EyeDe full-spectrum interferonmetric nmetrol ogy

nodul e, 2rRRligetians dave dirempisciogenHn cqanamenly- @ssigngyl United States Application

both of TRE 15t YO RN 13 obSomeBiber®) SdSh AP At Wlvrfe” 126

pr ovVi dePuhslfaamoatm@nzm@fl/amwn onp@tioken 14Ne003] ah@mlm Sptes Fxgerst Rbe
noni t or | ng;3 and&\&r endpoi nt detection that nmay be nonitored from vantage

poi nt s HEIPEEn eI 15588821 PYYan P90 &odh of vvh'@fh aredprarporated Rergindpe ~ of
t he sub,%§<é,@p,ge_l44

[0041] Figure 2 is a sectional view of one embodiment of the showerhead
assembly 130. The showerhead assembly 130 generally includes a lid plate 202,
upper plenum plate 204 and lower plenum plate 206, and a gas distribution plate
210. The upper and lower plenum plates 204, 206 are coupled together in a
spaced-apart relation and disposed in a recess 270 formed in the lid plate 202 to
define the upper structure of the showerhead assembly 130. An inner zone 134
defined between the plates 204, 206 is fluidly separated into at least two zones by a
barrier 236. In the embodiment depicted in Figure 2, the barrier 236 separates an

inner plenum 218 from an outer plenum 220.

[0042] The passage 138 is formed through the showerhead assembly 130 to
facilitate monitoring of chamber processes and/or substrate attributes by the optical
-10 -



[ 0038] The shower head assenbly 130 is coupled to an interior surface of the
lid 104. The showerhead assenbly 130 includes a plurality of apertures 135
t hat al | owoh@/gases fl owi ng through the shower head ass@riblGs2@03034260m an
inlet port 132 into the processing volunme 106 of the processing chanber 100
in a predefined distribution across the surface of the substrate 144 being
processed in the chanber 100. The showerhead assenbly 130 additionally

i ncludes a region transm ssive to an optical netrology signal. The

opt i cal mortitoaing nsyEtéme 146gand inciupes sayeoptddl itrrfsheissbavesieagssenhey 130
is suitable for,allowing the optical nonitoring system 140 to view the
processPAYSRAS u 1'669%'?%'}38}’ logatad: dp ea 18ubsgiariiallyoge@meiric heertebsof dbe
support i al ol

ol al | Ly ReEal dRIPOREGRERE oRRed Y TR sndfh8836hES 175

t hat i stheulidplate 8P| thet upperplesimeplaie 20w analbledogieh plarfune Peite 2 0Be NEHat ed

by, and reercL %.back tp, . the tical asuring system 140. The passage
135 15 BoSTAdcoNah STy Al fomer ¢ 3 spaRarubsin iy Arkegope! torbesBas dht o
144. | eqrodi i t th
Wi ndownggg%frr om Eh hﬂg@ér}gnsﬁhg]n%???ﬁgn%n%@%’f ﬂ]{éﬁgﬂgﬁgggg hﬁgﬁa\}%@éq?gw&vﬁe ©

pl at e 1BENHAYPIBEe 206 .apshihecsuhstrate a4 (motcahanvirzinnthiseview)., an opti cal
ceram c, such as yttrium oxide (Y203), or other suitable material. The

plate 1 y [ i e di,s din.the lid,104 between th i ndow
142 andfbg ?ﬁapr g{atggg %béﬁhﬁeﬁg’ el%!é". gft%gﬁale?"&%'g@ﬁggﬁeﬁé'ﬁ?s; n e 'Eﬁ% head
assenbl 202 3Adi Hatesrd04y B0sdany ddagtedltoratéivy Dlensad@icd bal Ad QWIh@P54,
separate ntrol of 8as flowng into the processing volune 106 of” the

C L O : :
proces sWhﬁgcﬁfﬁrP@&S afgbe opticaleansmissiondaviqa g0k-e Inone isenkadimenhdhe lersendl y
130 has i 5 : - c | e a
gas pardl Ehar 1Pt AL Rafh R £ 808ak0 RE SoRER AN RS BRE e
and/ or hy adibengpyasalsiethuindie2pBocessi ng vol une 106 through separate inl et
WO 2009/ 111156PCT/ US2009/ 034257 ports 132', 132". The gas panel is coupl ed
to gas ces{not. sho to deliver, process gases and carrier gases to
the i nlléﬁhéort . eé%'&ﬁﬁ}”\g@%fs B?%E@l\épﬁgoaﬁ‘gé%ti%%ﬁ%%g%ﬂ@@ Agyentgas, 02
and Si Héak&4® Marodbhehs. shasmas dscrabiy! ' - ot her
gases inerfggt)q tohg pr ocsess and non-sr eac?i]\e}geo ggggéé‘{'%%‘ﬂgﬁ'ﬁ%éﬁgeéﬁ%ﬁ ment ,
t he opt14al Onbings d1at hapeled tdi nederansequpadiads of Figeess @y ang pE¥ided to kaal

t hi ckn , trj but el ther isn-sSit dur,i e, pr.ocessi n
and/ or qgé-vg?‘tagw%gg?etﬂ%rddﬁe[ﬁgwrgs%{epkgée ‘#’H&ﬁ ﬂdTﬂgteg%ﬁécaﬁBWﬁﬂp?'or i %
syst emdetfilgafythadiel plar 202 and ehePAsSRR 138 foriRedPibirbGGH tHERPPIaké 902, the
t echni c]ues, @UCh as spect roscoi_)r{?, interferonetry, scatteronetry,

t r

reflec enyRdPlate 00k @ndTHie iwercRlenyominiaiei 206.sastwell BsOagdilional, f or

exanpl onfd ner i £ tri i j N Lgue
(og, ool o Bk G R 00 oF " gl (IR R heBuhFF 048551 1 on
of t he Ratenig8pplicativheSdn &lpudn¢3681d62i filed Aaly Bh2006 kwhichds nieespomatéd®yet ch
depth pr{?afile 8f t he structure being fornmed on the substrate 144 in real

time. DEFIFTL BFSbw to use optical nonitoring for certain applications
have been di sclosed in commonly assigned United States Application Serial

No. 10/6v4é) 568Thé iplafl29M iSesk ' ilibhP- ent
PuDI i catlon No. A oSp e W%cattég’gr#%@%“%g’fwghg it g oyRBel

No. 6, #pYcaanoniiprinchsysiemett®bninjens emborijognt, e blugf 25hinchudesea phoalitgor at ed

her ei n 0 Laure.2.is a sectional yj of one enpadi ment
of theogﬁgéﬁﬁﬁé?ﬁ‘é@[&ﬁbﬁw% Oﬁ%(éalﬂ%ww&aﬂ’%%@ewgg ﬁ@?%)é’ﬂ Itﬁ9

i ncl udgsocessirty pbhinge 2B, ofl ke chidrapeMipbaivkild OdredBAtin @ R AsBh efMaBbAt €
206, andhg} &as di stribution plate 210. The upper and |ower plenum pl ates

204, 2086 T HApPELS 868t hier ong emiedineit.alher eharieals i260 bak dinspeRasd in a

i i | fine. t r, struct f th
Chover Fa) (WGHESo dlakfor) df, & ey St S0 I el Rt A8 £ e Bhtiee *hoa
206 i sefrihddithgnt epanatisd260tavat a ldasktdrmel keseahahyorae§adlr icethe2BEBYR t he

enbodi rent, depi ct ﬁd in Figure 2, the barrier 236 separates an inner plenum
218 fr aBE{oe(rt Bpéqmpﬂnzrf@_an free path, for example less than about 1.5 mm, for

example, about 0.9 mm. In another embodiment, channels 260 define an open area
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[ 0042] The passage 138 is formed through the showerhead assenbly 130 to
facilitate nonitoring of chanmber processes and/or substrate attributes by

t he opti c&D 2009101156 WO 2009/ 111156PCT/ US2009/ 034257 noniPCoAISYIBgEREEM 140
and includes an optical transm ssion device 205. The passage 138 is
generally located in a substantially geonetric center of the showerhead
assenbly 130 and is defined by coaxially aligned apertures forned in the
lid plate 202, the upper plenum plate 204, and the | ower plenum plate 206.
The passhgp th3tbdws Gfepercaht ppeorared. aTh@plungBe is gestedilyi fabliyatedt fregomal to

t he pl ane of one or conbi nation of the lid plate 202, the upper plenum
pl atg the@q{é:qrgg\%qb?%wg%mo&pg@ &hspustrigag 'f‘rfg‘esﬁ'B@PFjHﬂ%mlmﬁ Pﬁtﬁ 23fhd%n i n

this vi %@nca{émﬁéﬂn@d@”@ctﬁ@t%%éﬁﬁn%u?ﬁ%@ Hraklie fPaxbRkl ¥nfd éﬂﬂ@ﬂt the

apertures in the lid plate 202 and ates 204, 206 are adapted to receive a
| ens depluge2FAis admabirumpl ug 254, whi ch are parts of the optical transm ssion
devi ce 205. I n one enbodinent, the |ens device 211 is part of a collinmator

t hat i t tlcal ito m 140 b i r tic cabl e
bundl ¢ W8P o R, AR i ind e QLURP sy eiiast assbmint 1t 488L4Es S50
to pr evei@tnbgms)nl slateageo tis rapugdstt diee @hwdat@di or TR w.ﬂﬁﬁtﬁ&nt lw d?péd cal
noni tori ngat%stem 140. O-rin not | abeled with reference nunerals in

r

Fi gure 2Xi er@%w“@l@@eﬁmﬁéglmqfﬁethﬁi aapdistiution plate dppds farated poat e 204

and theyl e i

passage Ligg/tﬁlodr?ﬁrredz gﬁggﬁtﬂ%k%e |¢’ ﬁ)@ﬁegtréﬁﬁlgb?éb ﬁe %ﬁ%}g‘é|c‘£‘%ﬁh§€'ﬁgt i]r§04
and theoﬂhe%mmtpbcﬂm@mtsqlt&begﬁ@@iistﬂbuw pleas 2aliid faridatel@tieinh Ul ythiam
processin ((m 100 of Figure 1, may be found in United States Patent
Appl i ca?’f'gﬁ No. 11/381,523, filed May 3, 2006, which is incorporated
by reference herein. [0045] The plug 254 is configured to be transm ssive to

the sigggdzuti logRMaly drM&dditionally, the gas distribution plate 210 may include a
plate 143 that is transmissive to an optical signal. The plate 143 may be coupled or
fastened to the gas distribution plate 210 in the substantial geometric center of the
gas distribution plate 210. In this embodiment, the plate 143 is made of yttrium or

an oxide thereof, such as bulk Y50s3.

[0048] The channels 260 formed in the plug 254 are aligned with apertures 262
formed in the gas distribution plate 210. In applications where the plate 143 is used,
apertures 262 are formed in the plate 143 to substantially align with channels 260
formed in the plug 254. The apertures 262 are clustered at the center of the gas
distribution plate 210, and have a density, diameter (or width), profile, and open area
suitable for facilitating the effective transmission of the optical signal through the gas
distribution plate 210. In one embodiment, the number and sectional profile of the
apertures 262 are similar to that of the channels 260. The window 142 makes the
channels 260 and apertures 262 blind in a gas flow sense, while allowing optical
transmission. Thus, the channels 260, apertures 262, and window 142 facilitate
optical monitoring by the optical monitoring system 140 within the chamber 100
without vacuum loss or plasma damage to the structures defining the optical view

path.
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optical nonitoring system 140. In one enbodi nent, the plug 254 includes a
plurality of channels 260 which allow the optical nonitoring system 140 to
i nt er f acewv@i2o09/t1eS6pr ocessi ng vol ume 106 of the chanber PCOMSANN0I084257
preventing plasma formation within the passages 260. In one enbodi nent, the
channel s 260 have an aspect ratio (height to dianeter) of at |east about
10:1, for exanple 14:1. In another enbodi nent, channels 260 have a di aneter
of less than or equal to the DEBYE |l ength and/or the el ectron nean free

pat h, f moaexangFiguteeSsisthachabatic vielw ofimoné amisadimant,of abapechaPsaming n
anot her enbodinent, channels 260 define an open area -11 - WO

2009/ 118456PCPIOdhaBIRYRS s3edovith the pregrsstndsehyebeedPORidniodied: The plug
254 is g I j ; ' - i+ bl '

cherm ot Pog A R0 b O o oy AP M B P LA 8RS the

di el ect pracesaingricdiimesifthofateahaentzan 100 bynadiber betic eablediuredie 216rendodmig 254

i | i 0046] T t end Al life.of, tf head._; |
1307 ¢ nEPUER RS BRD eyt 405 weg Wil th dpadifech AR R IFABRE O2 Edids Acoat ed
Wi th ytrhbWhekifal S6nsig 9¥stdeh BDE"S@lided B B8JISARP IR Burcs P53 adapted to

distribution plate 210 is fabricated frombulk yttfiumor oxide thereof to
provi deemdldight Aaviegiwavelengthadn die vivanviglet visible (WVolinkrangebatti neart isfrat he

0535 S IS bt B AR 8 I
i ncl udehaviph & elehythd at absutt ZEOAN BSABGRIL 1808MNePThedroadigandd n%rﬁ%u%@t e

143 may be coupled or fastened to the gas distribution plate 210 in the
subst anBfaimajebenst MeEcwy iarep, afdeukrriugadampsa xepan ilamnppa daéogerolamm lighi s

ur k. vooartingoefi I Rey drieoPafaflond Mgrbl, TheoRBbaf KR Shinselifs, I
aper t ur gmy2fidtHeor e chdaptéddo gas tdireid ohubndrofp laridéor2dbuttdredapplal dasiredhs

where the plate 143 is used, apertures 262 are forned in the plate 143 to
subst antPAYELYalSHsR @F toh Sérlﬁ’g’ﬁng'[ daso foeredemrogineey) dige Ryaadhard Jigbt t ur es

262 are.Ghdst IS i Ut | have
= densi 15 G BRSE FHoATP LR ing) NFated G EAL I ih P Biiding bPedtt
facilitaboudGChemdbfabout 800 mamsm ssi on of the optical signal through the
gas distribution plate 210. In one enbodi nent, the nunber and secti onal
profile t he ertures. 262 are sim.lar to.that of the channels 260. The
B nclow PR i d24 el RBFB St ot € inelests RSt 4 P St P
sense, 30, 3354ha0¥18d ’éUQ@'re&éiﬁQ%ﬁtié&lléﬁér?ﬂ' Fraf tHehsroeBadIngveIudi® 106.
apertures 262, and wi ndow 142 facilitate optical nonitoring by the optical
noni t or T g spestremelars 32Q.h330 e comighead 1oresrive opticelawavaiengths by thst asma

damage @9-\9it§ear§(}/5pﬂliﬁrv@évéigﬁétﬂg.nQnté}?e 891‘80%%@\{{ %Weef%ﬁreters 320, 335 are

dual channel spectrometers with embedded controls. The spectrometer 320 may be

configured to process optical signals in NIR wavelengths, while spectrometer 335
may be configured to process optical signals in UV-Vis wavelengths. In one
application, spectrometer 320 is configured to process optical wavelengths between
about 900 nm to about 1700 nm while spectrometer 335 is configured to process
optical wavelengths between about 200 nm to about 800 nm. Each spectrometer
320, 335 is coupled to the controller 150, for example by Ethernet cables 308, which
may be a local area network (LAN) cable, and other cabling applications.
Additionally, line 350 may supply a signal from the controller 150 to one or both of

spectrometers 320, 335 to synchronize magnetic fields in the spectrometers.
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WO 2009/ 111156PCT/ US2009/ 034257 [0049] Figure 3 is a schematic view of one
enbodi nent of a spectral sensing system 300 that nay be used with the
processi yocheierse 100 of Figure 1. The spectral sensi n@CINSL@03287 i s
coupled to the optical nonitoring system 140 and t he processing volunme 106
of the chanber 100 by a fiber optic cable bundle 215 and an opti cal

transm ssion device 205 that will be described with reference to Figure 4.
The spectral sensing system 300 includes a broadband |ight source 325
adapt edjdostien tVaridl shyel nigewearel eR@ihssdhenidtzally tinaFigufd & cwupliny ehe
(UV-Vis) range and near infrared (NIR) range. In another enbodi nent, the
br oadbafBettigRetesptate 335 angd tlbe| prtical Haonkeringweviseyl B8 and dBeuertitdd nm
to abou ; b db [ , a
deut or i TBIPARSIER, dEYbe B3 M nls BRCRRHERE sl es e dobEHEIAR, 2,
or conbhomicrale3tAAeBESC, rdpresdmtoarttd andndreghtivichual dibeR26f adibel wiptiserabie

adapted to, be turped on and off and/or shuttered at a _desired frequency,
such asPUndigrai roaﬁ&‘ﬁ"qfﬁ fmrgg%%t%ﬁrﬁjgf‘ﬁht %%C%ﬁ@éd%émsmlﬁ?ﬁ%&ﬁ ce
325 is ( i a. ¥ Lo 1+ 7! i S t ween
about 2 68&%%9?8 %ﬁﬁgr&{el ?ggodlﬁwegﬁ%ggs%gcﬁﬂa%al ge%?nﬂgag@?@rlﬁggga?@g

i ncl udesnpingee dwe sulbsiratp e, avecre ndll BE OlesGded mamone detadbipttibd descripti@i ve

ti I f th j. I 06. , Th t t 320, 335
are conPt G- oRmerivn BY 35T PRUFT lRedeFefiarted from MR RURRES Hd7a PR
wavel englafa 805 PN PetBARRAICTERE or HRRT bf maeéﬁéc&r&a@te@?aéo,azg@s gzaine@f@fwl

spectroneters with enbedded controls. The spectroneter 320 y be
conf i gueed 316Cpr berexarople; oaticaliwandiengths i Retween ehgeh@00 whi 1ae1700 nm

vavel engirgloviRRebesTofitgbl 328 20y BrBaREREReS8h 2Bk oL a0 Ml cess
opt i cal abemedENgirhgrelsiovkRad telepdctBfittonBs®. dheudptitdDMonitorihg ldevice 128
spectronmeter 335 is configured to process optical wavel engt hs bet ween about

200 nm Bromplrst togp sigha ”ﬂﬁgéﬁo dhlds conpledito spectromsters33hignpredide fetem
troll; | ; - abl 0 i | qcal
roa not ShalcROm. Y GBS HEcAn fifgl Sl RBouligl 8 MR S18CLy

| i ne 35€omrectauppby #n irgnambadiment)etheordtun] Isegnal 58 reflecteel enetyyt fronf
spectroneters_320, 335 tq synchroni magnetic fields in the spectroneters.
V0, 2000p RSP KHCNH O oA EDE7 §00 8 R S HB By R MR & SHRInOT
schenmat j ¢gb} Yplidsiidgure 3 coupling the spectronmeters 320, 335, and the
optical nonitoring device 128 and the optical transm ssion device 205. In

this enbodi nent, signal I|ines, noted by reference nunerals 315A-315C,
repr eselff52ine @ ndeecribegi vadove, fspestromsgten BBberisoprantigoegs efayun@ES 215.

Br oadba |i [0 kO 11 source 325 .is.transmtted to the

pr ocessri%%ask}%%%@s’l%%pi %qﬁﬁﬁgt'\éél%gr“?%gh% 06&%‘5839 ' ?%%gﬁ?%essgm }ﬁ%lwncee 205
and i npig@esdriuxapils! inbrovad bichitpredess tdnthe idesdiitaar bl momiterirdetadll i n

t he description of. Fid;%ure 5. A portion of the optical_energy reflected from
t he subdhpdtansmiasign@f dhe pilraHrea photersasie baingeriched o ddecabsssbingdayehef
spectr t , i i

wnvel erppraost it chiiniif (0AES & oAl Gy sy shle SRR ER BBt 1S ot o
320 andofopichigl (twaicellengs he 1iEbyvelepeadiogt or2 @be it iypahothiat Stieaseslire a

provi ded to spectroneter 1;:!35. The optical nonitoring, device 128 is coupled
to a sikyRAICaRIGVaBES: et M geby friter gudpe stching sl 8315 QW%PBW@%‘GB/
[eturn qopaliahinisidl, RIRRALAGY Hiflcarthife idiahapdifie 330 T's coupled to |ine
315C by a connector 355. In one en%odi ment, the return signal is reflected
energy fromplasma 305 within the chanber 100. The signal line 330 may be a
wre, d0esshl e, Figura 4A ieandpemetric eress-seotiordlAdewesf cariehethbaidinent of the

he. st LGP ECaRE e Rt pfne Bbel RETCEROH B 2ear e i s oa

et ch prigees salf@iighoholes of B! mapibediddd, BMdedddndTHe 8lzet dfTRdivIduas ibssl on of
the filmon a photomask being etched. The absorbing | ayer of the mask
(e.qg., ¥ sunber obfibgrsnigsthg f&mqphmﬁu%emﬁﬁee@e{m miaitige dhe si7e start
of etchi ( icall 9 5% - d dj j :

i ncr earsu@efsrmlerﬁt?aé?pﬁgi %%bi%(lbg?‘\?vfaey%gg’ ?ﬂg:ﬂf ':elra%cggtﬂégt Léﬂnhg}ﬁ%ﬂg%rnab{ﬁ%ﬁwﬁg
until it is gone conpletely (100%transm ssion), which may indicate the

et ch endpoi nt. -14 - )



[ 0053] Figure 4A is an isonetric cross-sectional view of one enbodi nent of
the fiber optic cable bundle 215. The fiber optic cable bundle 215 shown
consi sts WD 20®/f1it5ér s, al t hough nore or | ess nay be use®CTAS200808L247 The
size of individual fibers and nunber of fibers in the fiber optic bundle
215 are selected to mnimze the size of the fiber optic cable bundle 215,
whi ch reduces the bulk of the fiber optic cable WO

2009/ 111156PCT/ US2009/ 034257 bundl e 215. Referring again to Figure 3,

fi bers buodien81320 Referringl bhgaini el FiguepBesiibarsedd 1y drichd281 5/ andieativelyised

for transmtting optical,signals from¢the broadhand |i.ght souyce 325.

i ber o FISCRTRIHA) g ¥ L5 Suih peg BPd) [GcLa s TB i pPYSalcoPas, Bet Vi y,
and ar eppsRfbah@rlight 808kt 33510F BRI 45 apdP Srd Rbr&dRED by dRE A spulsd rat e
144 and/or plasma 305. Fibers 405 are "dead" and may be uSed in alternative

or addi Bﬂaﬁaresnﬂdi\z@!y; and ragei ussidofior drgrishytinigootical signads eeftestiedriiom tlie ber s
405 are _used.to d chani cal ruct,ure the fjber optic cable bundle
215 angoilbEaer 1 Gra BRSER aBbL Ei0dF ALk g derd’ ah iayhR et Mhe o
nor e of aké@atildoF addionaddfticaft rbnsrhdBiorrasbifbdions e IMBhé iestRiimieRE iders

[ Oom Fi gure 4B is a cross-sectional view of another enbodi nent of the fiber

optic caBbarpunad &o add mechanigal suplbde e e fikericeptisrecatie bendlerd! Ma] a0,
415, 42,0300 132 St ﬁ%%g%%b@ Hﬂrérﬂeogﬁ}q%i@ﬁ?%n%“% FREE ik MBers
ude a e trbers.

portions Or zones | east one o or exanpl e, “Zone 450

i ncl udegos, 410)d16, 4POesind 429 are AANEMABS fibeed.udes 6 fibers (including 410,
415), and zone 460 includes 12 fibers (including 405, 420, 425).

Addi tionally, fibers 410, 415, 420, apd. 425 are noted with an "S" or "R
for claloP?4, | r# 'Q\Wiec‘f‘lé"'@"a FEPY BRctionat yieve of jangthengmbrdiaent, e %%BE’?EaI

ener gy HhRthhe RiRAdbasd jhitaktempy iﬁ?er?t?éaérFBfJMeeﬂ@érsaﬁfb%,'ﬂb, (1%9}495, a

return fiber, which delivers optical energy fromthe processing volune 106
t 0 specanddebars apamged3In poRians @ Bnes[dubsidihef fhiehportiond 0s zoddSRelutdzs,

and 425R may, be cppfigured to provide sel Lve attenuati 0 vel engt hs.
For exaniga o oF e S Fs? ARGRAIS - 280 et PRl PR Glaallh Shri o) Lo
wavel engsfisinvlaides &7 ABSA1 (ihtIRBiNg 418, I eb)\Warf] eBlehaenr ficRic! 12l kiperhi | e

fibers 420s and 425R may be selected to preferentially transmt wavel engths

in the (Nciwlisgridisgd20Adab) i daditipnally, ieesad1@rHl 420, BodH25marediied 46t 455,
AN a5 o e S oIS i, S5 RSB o, BNRS o WBich aERferEXHIREF |

fibers whi ch™'sup engtns € processing

posi ti omeskgy rfrérmetheniveadbang IO sanftes 8RENFIGLOBESAaRd “RhiddhosD il ARGMA
spatial separation fromfibers 425R in the quter zone 460. The spati al
separ at iRff, oPhidhp Jeliysrs 1 eRBEPCENGER 08084y processing volume 106 to

spectrometers 320, 335 (Figure 3).

[0055] The fibers 410g, 415R, 420g, and 425 may be configured to provide
selective attenuation of wavelengths. For example, fibers 410s and 415 are
selected to attenuate green and blue wavelengths while transmitting infra red
wavelengths preferentially while fibers 4205 and 425y may be selected to

preferentially transmit wavelengths in the UV-Vis range. Additionally, the pattern of

fibers in zones 450, 455, and 460 minimizes or eliminates cross-talk between fibers.
For example, fibers 410g, which supply NIR wavelengths to the processing volume
106, are positioned in the inner zone 450 and second zone 455, which provides a

spatial separation from fibers 425 in the outer zone 460. The spatial separation of
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the fibers 405, 410s, 415R, 420s, and 425R facilitate preferenti al
propagation of optical energy to mnimze or elimnate residual cross-talk
bet ween fWDene/1113656] Each zone 450, 455, 460 may be ar Pamgsdooo3LsT adi al
and/ or coaxial relationship with each other, and nmay conprise a
substantially circular geonetry, which includes a substantially circular
shape, a substantially hexagonal shape, and conbi nati ons thereof, anong

ot her pol ygonal shapes that may resenble a circle or hexagon. For exanpl e,

zone 45%hdapehe 4a6! anoed 41adi aloy, aubvarsk, fiaciMatd RRePéntid) FropHgatichidfal |y
circular geonetry. Likew se, zone 460 may be arranged radially outward from

zone 459%pticalereugstcaminializeyoceliroinate repidues tross-fallobéfweaenditerenbodi nent
i nner zone 450 is at a substantial geonetric center of the fiber optic

bl e bundle 2 and th e d d third zones 455, 460 .are,arrange
Cancent TEE | & Bacil 2ophfsq 895.94Rl mhg B el PhGRINE o fehal e AL [ALET
pl ural i talafbnsipifith ehdleothéd, ke nhlOsompnse & BUbstahtidly efrculgf YebBrldtnes
(fibers 415n) disposed in an alternative pattern where no source liné is

adj acentwhigtyinchtdesm isphstantallecirgidaesamee, 4 substaslialjesexagsinal shapg, and
o Ce ChtBhdiohaSharat hoRt Lo LAY AbIANSHRDES ShUI Mol 88 BEiRIE 8P

wher ei n"0ne€ sour ce i oned WeEén r 425R.

Addi t i onakagon.ef&oh egdmphs Zopewss fridydss aAdbFedradiatpaudiad foymazdie 460 ur al
fiber 405 in the outer zone 460. [0058]Figure 5 is a schematic )
cr oss- s8t8j Biestantiadyy GHrulsh SeomRIB- mbikeWise.azPNsH P dnay benarprgedradially ce

205. Th | =SS ' ' ' dtob i dinth
passage CHIB TG S0 aasp A SRy Slgulel RO e ¢ ana recoive |

optical signals fromthe optical nonitoring system 140 via the fiber optic
cabl e b(negtle 216.orEhembpdinuat, innengaoneg 9b0ris b i stdbspOBial gebonddsc ceretef ober

optic cgble bundl.e 2 alen evice, such as a lens, device 211, such as a
ol || a8t TORACEHS apie Hinlfo 24 Smatnd ey Shr o endsBi Y Rates 452i4ACA o
coupl e bﬂaageal@aﬁéer&%é@ﬂgo&jt thB88nmherd-dle?d50.20Re s2cphAdRNe14ES indlifdied £1 Ug
254. The | enhs device 211 is adapted to transmt optical energy fromthe

opt i cal plupality cofi surey dines ({iverd d 108e ahdba rploalityc of abluen bimed| @ib2ds 4 16RE
wi ndow 142, through channels 260 in the plug 254, and apertures 262
di sposeéisPrsethén gasaltaraatiyeppaiteyn whakeno soufes g is adigesnt sy retysm ling. wo

2009/ 1161u§e6rpzc<:3Tn/eU§'§(9 % s/oorrr)’lé%%és a plurality of source lines (fibers 420g) and a plurality
of return lines (fibers 425R) wherein one source fiber 420g is positioned between two

return fibers 425R. Additionally, each of the return fibers 4255 are separated by a

structural fiber 405 in the outer zone 460.

[0058] Figure 5 is a schematic cross-sectional view of one embodiment of an
optical transmission device 205. The optical transmission device 205 is configured
to be aligned in the passage 138 of Figures 1 and 2 and is adapted to transmit and
receive optical signals from the optical monitoring system 140 via the fiber optic
cable bundle 215. The optical transmission device 205 includes the fiber optic cable
bundle 215, a lens device, such as a lens device 211, such as a collimator, which
may include a mounting bracket 505 that is adapted to couple to an upper surface of
the lid plate 202, a window 142, and a plug 254. The lens device 211 is adapted to
transmit optical energy from the optical monitoring system 140 to the fiber optic
cable bundle 215, the window 142, through channels 260 in the plug 254, and
apertures 262 disposed in the gas distribution plate 210 to form a beam 525 that is

-16 -



substantially normal (e.g., substantially orthogonal) relative to the plane
of the upper surface of the substrate support 148 and substrate 144

di sposed whep@oni1iski kewi se, all or a great portion of r@Craseed/osqest cal
energy is directed to the apertures 262 and channels 260, and ultimately
through the fiber optic cable bundle 215 to the optical nonitoring system
140. [0059] Enbodi nents descri bed herein provide optical netrics based on
the optical absorption edge of silicon (Si), which generally occurs near

t hat of suhetas\tiailycoarrtn@lr{de.@awbs@mt'aﬂaldrylogasat)eertaﬁvamrllm plmeedstbe upplee

il b t N t
move osdrdcs of s ssiiate SheB e B Fihrte MdiGiaseR Ralar’ s Wkeplstce,
the siliafQ Pgrcht GRRtGH oPFefReRId 6PRA! teﬁarnﬁ/r Bt&fé%té§t@ﬂ%1&pénd¥%seéé2 #hd ch

corresponds to an optical energy of about 107 mcrons (pm, and at about
410C, tl@baemlscaﬁﬁ) teadouitimatalythrough the diber Opgcwblmvweo&iﬁ@w@n@@hm an
opti cal 1.291 pm In other words, as the tenperature of a
sili con"\?éﬁog%g ge%gggo the opacity of the silicon decreases, and the
spectral sensing system 300 descri bed herein nonitors the inflection point,
whi ch npgosgle deEmbedinaents Hesuribiedi berdint preiticopptichly nastrics risasEgaopntlye as a
function of tenperature al ontF:I; wWth intensity changes at i ndividual

vavel en@PH%a' NFOBUILRI9e A JHicRR (Yh Whistaeperally QC@HF§ Rgaethat Pbﬁtﬁ)f'#?%r es

6A and Q%e;{g? : [ e
etch pr ocess a§{é?ﬁ er%‘fi%(sggl@as}ééaﬂ%a?{lrg?rr\]e Q%S g’f% are éhown
on the suhiustt camﬁsltﬁhe aﬂ'éwpilcayedgé(m sﬂmndonpoveseo\aalsi addwermapticadl anergy m

, I t fi fil ther fil d t t ed
ci 7 oul 1 8 Tonoe MavelenBl or B3 ¢ iienes T IeBP BAPR! 947 a0l ASAEHERR) or
al ter ”aEéﬁviﬁéﬁéturléant 8po@d1 . IPUBVNGyHICIS %%g@ﬁas @b Cdh Rfdﬁ%ﬁﬁ%nefﬁ}go* Bt 602

may be etched using the patterned mask as an etch | ayer 602
can be ﬂdﬂ?emlmghagﬂahwwbatv@mutdﬁ@f’ G.1he silicom ibsloganp falls toediont §ueVF or

chem caEp 60 Fermbel, PR peles! orsacks BRHEACR) W90 ToeBBMo R 1 | ke

that i stgmmpératurecofEssingon Kafsris F&iS08 Cthe\thaeitP e st Bilico e detryaSesf and the
CENTURA(r), ENDURA(r), or other processing systens available from Appl i ed

Mat er i asgectra{csewnggyﬁtgn'cﬁggadesggbe(ﬂ drakeig. mopgors the inflection point, which
2009/ 1111 y be
'n a f ol Bl Nened arcar e oo HEREERARRN) Shieha Htely JTH IR
mask, atdmperatmekalong MAdhaitedsiBatchangés gatFindwidhidIARR)yengithsbice dxtran
Applled terlals of Santa d ra, California, and the like. In one

exenpl alforEmaion frmithe s 'QOBéNat Brned mask 610 is a photoresist nask.
Illustratively, referring to Figure 6A the patterned mask 610 has a hei ght
614 andigosg! UdgSgSesUsA W6 2Rod st doss-bédiRmal W%Mssof 5\ pattate and

t he Ilke) havi ng wi dt hs 606 and 618, respectively. The width 606 is smaller
t han t h#d4iiciem et procassai dh Wl@freaﬁz‘y atdyar G2 aodwwr patiérmedemaskt@ihate mask

610. 62] 1 n_one e di,me the sensing.system 300 s ofigured
Lo meastreny it B STBREAE Rl % RABFe5R, wdioritPusy 3 Rbinhadudicfim

struct ufeg., Gﬂéle@mcthm sHbedl rfivhe ot 4thydutheRdilanusd € h pitegrRsd dMuit@poH@ae etch
process, f he opti cal transm ssion device 205 illuminatés the substrate 144

usi ng twltbkedamaﬁhn ST eithes unpapeBdgcs phowener raltaraatively, rmtteﬁged
wavel e“BbH a“séﬁ\é h’hén?&@pl r&éés“gfr‘ Sr 02 r{;)éf%feff%d 8999 e hﬁttg 1700

nm Genera such radration is y perpendicular to

t he subm‘ashteﬂ 0L44 aanéichl mask. nﬁhestayaerr&(ga oancluaa fommesiubisihg atry dddvenitioablout 1
mmto al?%{b§j 12 mm .thus in one appllcatlon the a diametrical_size of the
beam i sthbHlm dEPRRACR 18pNALE foFAxamp! %n@om%éﬁw&ﬁp%t 198 (Addnh physical

i1 um P@ééi%gddéﬂlﬁ%ltfdﬁg Iﬁ\VDErbHeWﬁcélu\Péﬁdrad ﬁ)n‘ &)\?’@P Ia jdﬁc@ﬂa@VPe

anot he eam size 1's | ess an or nm suc
about 1(RAE VD) ahidithe bike thdrie pepgeonéd wiﬂg( e. gheesnﬁthalprocesmmg seaciorsdew ce

208 AR RRC, TR, 1 g o ol B BB i Ropteo

Materials, Inc. of Santa Clara, California.
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[ 0063] To i ncrease accuracy of the neasurenents, the intensity of incident
radi ati on fromthe broadband |ight source 325 may optionally be nodul ated
and/ or puweedyy/asiseel | as polarized. I n one enbodi ment, PCHAISRISYBLATY Of
nodul ati on of the incident radiation may be up to about 10 Hz. Generally,
the optical transm ssion device 205 may be configured to perform
interferometric and/or spectronetric neasurenents as descri bed above.

[ 0064] The incident radiation (ray Rl), when radi ated by the opti cal
transm gmieon deVihe gati@bnéd madkudilDatmayt Henatllydieuire 6 2Em iof P guhotarekist
reflected back (ray R3) froma -18- WD 2009/111156PCT/ US2009/ 034257

sur f ace MASK &Y 8RR (/- pREYPHRRRUSS carkan) puRsknfohalge Masky@uAeivepeed The

ray R5 f Tivad Al e\ P t t e

G uet uf S aha R PAREICARRRHE! fom) ARpledlReilc B SR RN B, o,
of ray RBbdi thealliker beldh (Ohay ek@mnplaryt bmbnsatrﬁer?tftlthef ga‘gerrfﬁr ucdsk 61620s (2. g. ,
photoresist), and a portion of ray R5 is re cte ac ray R4).

Addi ti oﬁbPF osigt Bgsk; @Hsﬁt"’ﬁ?bé rfv‘%ﬁ"&%?ﬁ Fickiie 86 e P?E?”’ﬁ%)mﬁﬁ'f @%\Prﬁ@t‘-‘i %y
regi ons r Lat r AL O 602
(ray %p@%?]ér%garaaim%%ggggca ng%%gg?y dvme??t(g@ﬁc!%teiebﬂ@?%ﬁ (glcj:ﬂtngg %’l&%{% ray
R9) fr olike)hbaviagewid8t2 60p 046b pFBguespettivelya Thehwithl iGO6C isossratiec thaméthe vi ew

f anoth di ment  of bstrate 144 | t . In thi
ermboa i et 4 Buh sy SUen st s hRleFLRBER BT o bei ng et ched

in a vertical direction (direction Z) in the substrate 144 using a

patt er naeBSK 1616n&shBodiemRs theb SgectraICisiedihg rs3dicth i 30D (¢ awvnfihdd td om
the optical transm ssion device 205 inpinge the Substrate 144 at different
verti camedsprad el imegarnelsie that eoreesponsisdpa heioht 61 4 f istiektyrea ORI )

Qepend Btk Qolisiol FAPSIAN &y roh 1F03H0e Bl B Yot BfodRUCHROd Al

optical ‘energy fromthe optic t ransni ssion

t enper atrahesissish device\Eseiigiisates alye BuBstrate D44 uefngetieeitkohtibana sbaedesi de
720 of the substrate 144 as shown in Figure 7. The discontinuity in
ref r act 8%e tPrRfiogese dpcidant meliatiogy Bavingrkayeleagthednply Ve 3nch ERnanges! s

725 738.0.785m 8B6uT 400 (9 ISIARR 150 %! NEERERIGNSHoR 1hABR6R)s dfifred

interference fringe(s) data is use o calculate’etc ased on
Four i er sabpsthykally pergemdiputes twastesl sobsfrateqdédcand dlunoinbies anedgye ont #ehni que

e LSt T ol Q0GR FLAHT Soabdu™ "R #OQ FoBRESHNIM M &
diametrical size of the beam is about 1 mm to about 12 mm. In one embodiment,
the beam size illuminating the region on the substrate 144 is about 10 mm in
diameter. In another embodiment, the beam size is less than or equal to 4 mm,
such as about 1 mm, in diameter. More specifically, the optical transmission device
205 illuminates a region of the substrate 144 that is occupied by structures 620

having critical dimensions, such as the width 606.

[0063] To increase accuracy of the measurements, the intensity of incident
radiation from the broadband light source 325 may optionally be modulated and/or
pulsed, as well as polarized. In one embodiment, the frequency of modulation of the
incident radiation may be up to about 10 Hz. Generally, the optical transmission
device 205 may be configured to perform interferometric and/or spectrometric

measurements as described above.

[0064] The incident radiation (ray R1), when radiated by the optical transmission
device 205 to illuminate the structure 620, is partially reflected back (ray R3) from a
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mechani cal system (MEMS) etch process at a wavelength of 1.6 pm The line
805 represents an interference signal collected during the etch process.

Poi nt 810WODrndexaies a trench depth of about 4.39 pm bas®dTas200083424T a shown
in Figure 8. Figure 9 is a graph 900 show ng plasna em ssion data col |l ected
during an etch process by the spectroneter 320 (Figure 3) using NP signals
fromthe chanmber 100. WD 2009/ 111156PCT/ US2009/ 034257 [0067] Figure 10 is a
graph 1000 showi ng points of the silicon absorption edge as a function of
subst r aserfaesntiaand earidlliyhpsopagatesd (rag i)y edo ithe wiuctureh@2@pthe ady R5
transm ssjon device 205 that a spectragl r lutio f about 4 nm provides

t enper alditetRasaicrroRaoaia PRI SHithos Biaibepeath the Snickiredtr Gitedient i ve

Absor pt iyer Sec(riy o) QRRENEISIEE tdraht A BeRIBR™ rdy Hendl aRcibeu Ry Ry

refl ectance of various el ements of the optical transm ssion devi )5,
such asbyHbelrpaterigdwil diee Blructurbes20 (elgw HuRoresist), tanel plpagtiod 4f traytRImisy

i f ' i cal appli ed th b 144, | d
conpens e ARk Fau SEAr TR o&: bifbn°o i Mk idratsh TRERel ot ve
absor pt jlamisRRTG Fedibhs 6PBOYeLEHe dthudtiiesSEITe ity ﬁahiﬁb@'p%%ég?aﬁédnfoh@yéi ber

optic cabl e bundl e 215 provides |light indicated as ray at passSes

t hr ough60BdrayeR8) wiere eay B2 may bengbrishedaith aneprtiae reflegied back draynid9)

surface ate 144 maintained at a known tenperature (such as at
about 2H8(5ﬁ1%§iﬁz&{)$%%t is reflected off the substrate 144 through the plug

254, the wi ndow 142, and the | ens device 211 to the fiber optic cable
bundl e pbés] TheFigefd 2ds adsdheptdtic crods-aattiohdlwigwyof Rhdthaérsembddieddnit\ad eof t he
tenperature of the substrate, which jncludes error introduced by the |ight

ref | ect PHRPIFAB nh4dy itk @neicd) BrRGess- J0dRisaampreimanigsysrate Ha4yis rlisan @)  and

the len j 1%4ep c i£Qr i I i AS |n the
schenmat ?gg?\ﬁ%&el%l gﬂ? ?}gj Lbre?\#?é%ﬁﬁﬁgugﬁrﬂ(fé&pgﬁgé@ﬁ,(aﬁt) %IO\?‘M r%zgﬁv 46'2, and
t he | ensulggrdte el 421asingsa patiénwdentiably 6l@Qyarkl 2, sukintdsdu612. donbidenttagiatiarhi n

th h . | i ght,  ab bi di sk . be dj din,th bstrat
s u;e)pgr ? (Tr?gsr ﬁ@)e']ﬁ‘?ml Tihghés&i‘?a:!) Rﬁ%lnéhs'%%&?)r@&"%gcé&? (d)f%fe’ W@Iegmr g‘ég #T‘ﬁi% tr}g e?he
pl ug 25diffetdit Veri€aMdddths adl 4 bertloandt deyirags 4t - reflbtted ﬁé&@‘(ra&@}cﬁﬁ?)_t ?d

back to the fiber optic cable bundle 215 is reflected predom nantly, if not
sol el y, depending onpithe) tespesaidreof tthe substiele nng/qrrthe Ragplengtidobroptigal | ens

?::‘/L?:n%'i&@&L@%{mﬁh? QPEiQQ7QLP¥m%§io%ng&8ei éHéD FRY -Egrpleogn?;wrggurfeg Oamnc}/gre
wavelengths, ray R10 may be reflected from a backside 720 of the substrate 144 as
shown in Figure 7. The discontinuity in refractive indices of various layers,
represented by reference numerals 725, 730, 735, and 740, generates clear
interference fringe(s). The interference fringe(s) data is used to calculate etch depth
based on Fourier analysis techniques based on frequency, or other analysis

technique in the time domain.

[0066] Figure 8 is a graph 800 representing data collected during a micro electro-
mechanical system (MEMS) etch process at a wavelength of 1.6 um. The line 805
represents an interference signal collected during the etch process. Point 810
indicates a trench depth of about 4.39 uym based on the data shown in Figure 8.
Figure 9 is a graph 900 showing plasma emission data collected during an etch
process by the spectrometer 320 (Figure 3) using NIR signals from the chamber
100.
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schematic 1115 and the reflection error fromschematic 1110, the
tenperature of a substrate 144 may be resolved as shown in schematic 1105
and cal cuwetee/11Tise WO 2009/ 111156PCT/ US2009/ 034257 fi b@CTASRI00/ 0857 e

bundl e 215 provides light indicated by ray R12 that passes through the |ens
device 211, the w ndow 142, and the plug 254 to the surface of the
substrate 144 whose tenperature is to be determned. The light is reflected
of f the substrate 144 through the plug 254, the wi ndow 142, and the |ens
devi ce mm;?lo t Rigufe beiis argraph d b0 shbwird) poidishof ths silitdnctsedotion edge &843.

Th fl ht cI des | reflected fromsubstrate 144
ng)ret ﬁ‘g ﬂa 3843%% ?Wﬁe&ﬁ“HB‘%gqﬁ!ﬂ?S(b%‘ ﬁ?&?"ef&ﬁ’d#‘t Heingeths arRlis (Bée 211

(ray R iBhsmisditg &&0cé ntees Mt OR 8paktdIededdiifdid ot RBoLEChNhMUSTongEs forth
at schematics 1110, 1115, the relative light absorption of the substrate

144 may teypperatargl meeaurw]eracacouraag within labght 2t €f | ect ed from t he plug 254,
the wi ndow 142, and the |ens device 211, and cal culating the Iight

refl ect %%I%ul%ﬁ:p éf‘ﬁéfart%eAB‘%?%gl% %ﬁ%ﬁgﬁgrap ure. A correcti on factor for

| anp outpu er ences d in the cal cul ation.

Eli mnation of Plasma Em ssion Effect [0071] During the etch process, noise
from pl pwesy e Bigumns1 iy seheswitis efiadrynt *sieovsipgcreﬂ@cftaheé of Baibus3Senmis nay
provi de naccur%le i nformation. Therefaore, is desirable to reduce or

el i ni naf h%otm HARSEISSIQN 6R4Ce20p; Fyeh ?ﬁ@“q ledssleyises? hbitse Windw d¢rde
nor e acgHlI/E p ﬂ%éﬁ@ ét%a REHER: Mi %c§|p&¥ér§;9%gﬁé&to [rfé?%&ﬂﬁa%'ﬁﬂlz s

a schematic di epi ct ng one e iment o asna tering nethod
utilizi hg arter e ceaibpenisdie glor theuinwlv@ﬁént Ireflediarsces md odieteeninatibheofb tteadband

| i ght | 1202 h f h
| ndi cat BAER APsApODGGCL i 5 Pibyied TRIDS PehaTAUE FaREIeS i a. diffs iber
substr abﬁtléﬁéble@ﬂn(ﬂé@1'5n§ﬂ&lﬁie%sllg}ﬁtlh'cﬂlaét'éﬂ ésagéyahﬁQqhbhﬁésé&ytf#?@u%ﬁmé%t ed

fromthe substrate 144 and har dwar e, B us radiation fromthe plas
Col umm lEPs0devies 2df ethea W@'\in’VTﬂ422©Bdlt e 'nifg 25&rtd thawuﬂmemfdhea&@etrate

radi ati f 5 y f R16 may
be det eﬁ)gﬁl r{{]g%éﬂgdt egﬁﬂ%\% E%Hegraé%r&{] %‘? aﬂ?&%&%i aﬂbe "8 'Srray be
cal cul aiedibcind bliahé Gubewhieg1 4 taiough:the plagrsanthe viddw 12bf ah@AHS]éns
anot her enbodi ment, the plasma enission effect may be filtered using
device 211 to the fiber optic cable bundle 215. The reflected hght indicated by ray
R13, is indicative of the temperature of the substrate, which includes error
introduced by the light reflecting from system hardware, such as the plug 254, the

window 142, and the lens device 211.

[0069] In order to account for this error, as shown in the schematic 1110, light is
provided through the plug 254, the window 142, and the lens device 211, as
indicated by ray R12, without a substrate within the chamber. A light absorbing disk
may be disposed in the substrate support to prevent light from reflecting back to the
source through the plug 254, the window 142, and the lens device 211. Thus, light
reflected back to the fiber optic cable bundle 215 is reflected predominantly, if not
solely, from the plug 254 and/or the window 142 (ray R14), and/or the lens device
211 (ray R15).

[0070] By using the information obtained from the reference substrate at
schematic 1115 and the reflection error from schematic 1110, the temperature of a

substrate 144 may be resolved as shown in schematic 1105 and calculated. The
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a medi an spectral filter. In this enbodinent, the following algorithmis
used: WD 2009/ 111156PCT/ US2009/ 034257 AFMedi an

(A -nl2, WO20092H1156- - Pi 1+nl12-1 7 A 1+ n/2) wherein: i =PATAIS2000H3428Nd
n=nunber of substrates. [0074]Figure 13 is a graph 1300 show ng raw
absorption spectrumdata as conpared to filtered absorption spectrum dat a.
Unfiltered absorption spectrumdata is indicated by trace 1305 and filtered
absorption spectrumdata is indicated by trace 1310. As shown, intensity
spi kes fibenopliasablednmirstie @S moedssltightimdicatéd bglrapiRie thdt pp&&FSiHraugh

operatign, ,a supstra 144 is. provided to rocessi ng chanmbey confi gured
as dgsc&léoé%f‘sd % éﬁa 'i‘%p"éﬁ'é‘é’ﬁwoﬂgg’ @_ﬁ‘gsﬁ?‘%tp %@%ﬁo?‘l hes ﬁaﬂ{ “8%5 is
provi dedubardtBel 40 AH88S h@HpeRAlREls Rk WBRirkfitkd. NrAcdight &SBllecd biphe OPLI C
cabl e bundl e 215 directed Po an optically transm sswgl regi on of the upper

port i onsuistraie Igdolbeeugmthecplaginid, dbe wirdow 142t aoddlym riscdeies g1 66 thae

| east o r en r fre ncy. rap i,nto t r ogessi o oy NE
bundl e ﬂg?/f 8§ﬁ$aci ,e%&‘d@%ﬁ%r 'S 5“?%?@? %Vctr?wgﬁﬁ]pnd e 58ﬂ%t?€ﬁ&3’?fﬁ rst
source piendles ifight réffgctyd RBneEEsdtrA8BAAgFdCREBEMBY pRfg 254 hhd/or e AsRIBWY to
t he processing_chanber, and a first recei w}rl\ag bundl e for detecting

el ect r ohhg ey B1dheaangl ther lepsedeviges211 (eyuBnkd). i Yeingdhe lirfopmatiers eragred

chanber h d ai c n . SeG:

Fecei vi OB B peHudt e BRTLE BrRREARE 710710 HhB RIAE"TET
bundl e abyorptisw of ahprsustiats paadi meybbe datsulatbdaly fatotsy aut Mighd rdfleetd e,
adapted to mnimze interference anong signals propagating thr ou%h the

ot her afPiVibemingred. the windgwt 142 anst; e|'en$rﬁ9v'a9§d1b@na@agx%a1m@d Brighbt e
rigiditys i,Cal t A i, ber 0Pk i G I

[ oon The %F‘béﬁfﬁ?ﬁ"?i%é%% fa‘ésﬂﬁn%ﬁé‘%%&.ﬁﬁézaf‘%@f hé g%}égﬁtﬁ tﬁ?ﬁﬂﬂhgmp

subst r avetpuhdifenemresr mgy adsabé ynawddtbipahalcalculaticsur f ace of the substrate.
The energy provided to the fiber optic cable bundle nay be generated at one
or nore ecific frequencies, .or e a broadband spectrum energy. At

| east aEE P ﬂ"gﬂf 'ﬁﬁﬁ"]an Wd%?ﬁ'f’"eﬁﬁgﬁﬁ is reflected fromthe substrate back
to the [lfob'bﬁ}r ODurhdowRdbteh Precéss, FRidd REMYIabhe ARSI RaphR s,
spectral anal yzers.  The spectral anal yzers conpare the spectral o

char act ibei spectromstersha2q, e13%an @ naheroyide: inacerateinfemeatione i therefasagit iy t o

det or m gk 8 PdfoePbr LRIRIETE Bl Wills@8nP LI Hi8RAg She 1forRh SRR

process -
to provide more accurate optical information to the spectrometers.

[0072] Figure 12 is a schematic diagram depicting one embodiment of a plasma
filtering method utilizing the broadband light source 325. In this embodiment, the
broadband light source is a lamp 1202, such as a xenon flash lamp. Column 1205
indicates the lamp 1202 is “on” and ray R12 is directed toward the substrate 144.
Ray R15 indicates returning radiation that may be reflected from the substrate 144
and hardware, plus radiation from the plasma 305. Column 1210 indicates the lamp

1202 is “off” and ray R16 indicates radiation from the plasma 305. The intensity “J”

of ray R15 and ray R16 may be determined, and the reflectance spectrum of the

hardware and lamp may be calculated by the following equation:

1 lamp on — I lamp off
[0073] In another embodiment, the plasma emission effect may be filtered using

a median spectral filter. In this embodiment, the following algorithm is used:
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WO 2009/ 111156PCT/ US2009/ 034257 and/ or tenperature. Process conditions are
adj usted based on the analysis of the reflected energy. [0077]Figure 14 is
a fl owchawO 28090Miysg one enbodi nent of an endpoi nt det ecPCOAUSA@IL51400. At
1410, a substrate is provided to a chanber 100 and positioned on the
substrate support. The chanber 100 includes a first optical w ndow, such as
w ndow 142, which is positioned normal to the plane of the substrate and/or
substrate support, and a second wi ndow, such as wi ndow 127, which is
positioned in a general A-adedlandiy.gst Apib W.I.ALLBSPAGH,) O the substrate

and/ or substrate support. At 1420, a photomask, such as patterned mask 610,
i S posi wherel /athjtecstyt ahdev=swibsiaratff subetrétesi [ itate pattern formation on the
substrate. A process gas is introduced into the chanber at 1430 and a

pl asma of process gas,.i S generat etween the substrate and the first

Dot cal 8T Rdow (9D, Tat $19 93P, 40809 O BHEP Y ONCHRLN 198RS n ¢ he
W- Vi s gadparedNoRilfRe8 abdBiptontpeReiugd datt. oUhNReiRba S rbtMessedtien data
substrate. During processing, a first signal, such as reflected |ight from

t he subistindicated ky tiacedBe8 and filtesed iabserpliondpectratdatase datidateddyalracesuch

i ndow (18 28 SHAT Peofiell "ThiRts ol Elnord, SRS 2o SPBRBRPL, waes

| EP netg¢limimatsy] t he second signal includes OES netrics. Based on one or
both of the IEP and OES netrics detected at wi ndows 142 and/or 127, the

pl asma [%enerat ed at 1440 is term nated, as shown at 1470. For exanple, |EP
met ri cslORERY | ndD uRRETRHION; ButstDsHate 144 $ e‘Pf@H'd(?Qpi(h,atFPf@ﬁeﬁﬁ'W deramBgr wel |

as ot heéorﬁfg’u?é@.‘étseée&?ﬂeﬁaﬁ s a'n'adc'jEPEﬁéC ) gﬁeﬁh&‘ SEhEfafy QU5 SRE! A eftRalip! | as

tenperatur€ 1 ndi cations. metrics plasma stat'é I ndicafions as
wel | asgad shprovatpoessihenproaessiggathaentser dattligniteddhioya pasnoa. tAofiber opticat i on

i ust SRS CudlE A PR Brr BONCAIN ST RS i BaIN B PPeT Porion o
[ 0078] Biqstbieeding gﬁg%uyekaggaﬁ ioBrdfablie Eheryl o1 dFBaarehDrSaaayses

using a broadban | such as a broadband |ight source
and/ or fsequansylsdReasindesibei puxtdssingi chamberor Tiet puotilet maaye contdipsder may

be used to dleterr'rij.n a .en$ int of the etc rocess,bte ' erature of the
subst r SPEMRE: & oL e Dendle somliner ik aneties s buadh ol caliying
condi t iaeﬁtrmﬁgh@n@@hu%}yedf Baret frelGeROP Y HHd prsddetindSeRaRbe8 44k’ adRstone or

both of the anal yses. us, electromagnetic energy emtted by the plasma
may be '@eeviikBubgleaier slateeting aleckemagngtis rngsay ioh the dirslefraaiiencys insisle
chanber;,.| i [ ' : '
cnor gy earBeeRHEbnRber, TREMIBCE riay Sy eohichh § s RBAdRoRfed BROBENL
det ect wecdngpeseiling bandenfbrecaupiataatdeziohy frequaaicyt o TheefilsarbsptiaicableEner gy

emtted by the plasma and/or |ight at known, frequencies, be anal yzed and

comnpar gﬁ”{dée FP%P 6'?'9&0"&‘_?{&?83/%@@ E@CW"H@@’ %t?_{'/‘erng%%%r@%n%ﬁﬁ@e_a@éaPé@y of

! 23 ! Sftﬁghinim% OnkETRAEhEENEMoRES SigrRRd HBpaGStiMY MMFSRIPIRE EShRJalifRel i LS
bundles. A structural bundle may also be adapted to promote rigidity or mechanical

strength within the fiber optic cable bundle.

[0076] The fiber optic cable bundle 215 directs the energy toward the substrate in
a manner generally orthogonal to a surface of the substrate. The energy provided to
the fiber optic cable bundle may be generated at one or more specific frequencies,
or may be a broadband spectrum energy. At least a portion of the incident energy is
reflected from the substrate back to the fiber optic bundle and is carried by the
bundle to one or more spectral analyzers. The spectral analyzers compare the
spectral characteristics of the reflected energy to that of the incident energy to

determine the status of the substrate, such as progress of the etching process
-02 .



confirmation of reaching both OES endpoint and | EP endpoint for greater
reliability, especially for |ow open area trench processes. For exanpl e,
CES and WP 2emdipoisnt may be used to detect process drif PCRABLEO/034257

i naccuracies in one of the endpoint nethods by conparison of the two

met hods. Process uniformty evaluation and nonitoring to center-fast or
center-slow etch conditions nmay be inproved by conparing endpoint tines for
the I EP and OES endpoint (average). Normalization the OES signal through a
phot omaakdioy teinpeditoge.t Peodds? sorglidndprd hdjuSEs bagedlon thei analgsisalf itzat i on
provi des &oiﬁg true transm ssion nmeasurenent, |argely independent of plasna
bri ght nEECIGHeRe'G¥t uati ons and al so al lows for a conparison between the
nmeasured spectral transm ssion of the photomask and a real-tine nodel for

the trapsphssi qngurteheumeby al h@Wtﬁ@ndgﬁ&mﬁgn@hb%nﬂsodmgnﬁt&hlaﬂg ehd §rnt
t hi ckness (]e g., me%t during etch. "The nornalization also allows for
a corrpaﬁe'@@hmbéﬂw‘@@ﬁ 14@3/ Wy %pﬁetbﬁtfate 15 aremdeditom chamber Jioot anths k

et er m RRU TGO RE suRral IEBH: fitieh EREMPRT 0 dfceh Bty iR
etch. [ @fRMWMWslich talgemfmmomg; igh i goettidnede ibadamestthe OplahBeoties ent
I nvention, other and further enbodi nents of the invention may be devised

Wi t houtSlé}é?S'éﬁ*? | /P SHPSIFICHBRROTE cp & Rl Wingvt Reck @spwinday a7, i s
det er m pepyhx ﬂ ﬂl %le@l' Eg%§gﬁérafl ﬁ%{ilgv\’ﬁll’e% Men résp&t%%g%%hrergafehmgF a

conprising. a'c asse processi n
shomerhaﬂmbt%eesﬂqiporboupltemz@ a @enbtomgsqu sum @Qmﬁlmmb@dmaathmavimg a
region transmssive to an optical qe an opti cal

o ¢ or PRGHIRRRA BEI2RPPE G0 RIS o RHla BELGEI T AIPO R WE SRSt A
posi ti ofrRbsk pﬁs@ﬁ{mﬁfuc@aqmo f#ed%chamber &t ?@ﬁ?éﬁ@tahﬁlﬁgﬁfa”& ﬁ’rﬁéé@g?s is

conprising a fiber optic bundl e arranged to view the processing volune of
the ¢ hagdrearatsst petwearu e tSInlbstra@nsnﬁstbevferst optical windove ( MQ))V\B? H44d. aAkenbl y

opti ¢ bLEH RGP AP Rorphsas TRl i the URRAT IR o8SGafol sidtesinst | si ng

a plur ghtd Yhé)fpleislrﬁéttoﬁ/@kd Ge fsdb@fratea.ndmmj pEddskihgdfa FirdtsdigRalgrakthfdders;
reflected light from the substrate, is detected at the first window, and a second
signal, such as a signal indicative of plasma attributes, is detected at the second
window (127) as shown at 1460. In one embodiment, the first signal includes IEP
metrics and the second signal includes OES metrics. Based on one or both of the
IEP and OES metrics detected at windows 142 and/or 127, the plasma generated at
1440 is terminated, as shown at 1470. For example, IEP metrics may include
attributes such as trench depth, trench width, as well as other attributes and metrics
indicating the etch progression, as well as temperature indications. OES metrics
include plasma state indications as well as etch progression, among others.
Additionally, prior to termination of the plasma, temperature of the substrate may be

monitored and/or adjusted based on information detected at the first window.

[0078] Embodiments described herein are directed to IEP and OES analyses
using a broadband energy source, such as a broadband light source 325 and/or a
lamp 1202 as described herein. One or both of these analyses may be used to
determine an end point of the etch process, temperature of the substrate, or etch

selectivity, among other parameters, and process conditions may be adjusted based
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a second active portion conprising a plurality of second source fibers and
a plurality of second signal fibers; and a third inactive portion

conpri si yoRp/utkbi ty of inactive fibers. 2. The proc@€3iusgooglaadzder of
claim1l1l, wherein a portion of the plurality of first source fibers are
arranged in a spaced-apart relationship relative to the plurality of first
signal fibers. - 25 - 3. The processing chanber of claim2, wherein the
portion of the first plurality of first source fibers and the plurality of
first sognaie farbeoth akr thararehged. alTthespatledtyornageetiulesteant ieahittgd doy dhe ar

try. 4. Th ' chanber of , claim wheyein eagch of t
D ur ol | DASEE DURoRE QPRI BYbeR oo i eRIROTEag: e palnal fhe
pl ural i ¢yarbef in' & fa®QrctRidrishf) & Rk HstiabaSdnPERCAbdIRehE Yhaldy dn@brfi I st
signal fibers. 5. The processing chanber of claim4, wherein the plurality

of secolightdn gnknown Breasieney may be gletiedtad avithubs tapticabdélpctorrdispeaedgaionret r y
and one_of, th lyrality of .second,spurcefibers therebetween, 6. The

o ocoscriglecibsButay okl 18 RS ADPRIH HENerE! Brith B9 bEE Rsmar and pF
fibers gl dthehdniflgublicieb mBRWd vRakizB8rshdBeemparéd @6 dhé biResahayaed i al |y
circular geonetry. 7. The processing chanber of claim®6, wherein each of

t he pl ufegaribpdarboyedeimpPseuentiie aqoyerey efrtiedepult-at ed by one inactive fiber.
8. A fiber optic cable bundle coupled to a radiation source and at | east

one speghid et FmpGAARNS | dkcribed herein provide processing benefits including
confirmation of reaching both OES endpoint and IEP endpoint for greater reliability,
especially for low open area trench processes. For example, OES and IEP endpoint
may be used to detect process drift and/or inaccuracies in one of the endpoint
methods by comparison of the two methods. Process uniformity evaluation and
monitoring to center-fast or center-siow etch conditions may be improved by
comparing endpoint times for the IEP and OES endpoint (average). Normalization
the OES signal through a photomask by dividing the IEP signal by the OES signal.
This normalization provides for a true transmission measurement, largely
independent of plasma brightness and fluctuations and also allows for a comparison
between the measured spectral transmission of the photomask and a real-time
model for the transmission, thereby allowing determination of the etching layer
thickness (e.g., a Cr layer) during etch. The normalization also allows for a
comparison between the measured spectral transmission of the photomask and a
real-time model for the spectral transmission, thereby allowing determination of the

masking layer thickness (e.g., photoresist) during etch.

[0080] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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a plurality of optical fibers secured in a bundle, the bundle
conprising a first portion conprising at |east one source fiber
having a first end coupled to the radiation source and a second end
positioned to direct radiation fromthe source into a processing
chanber; - 26 - a second portion conprising a plurality of
first return fibers having a first end in comunication wth the at

| east one spectroneter and a second end positioned to receive optical
signals originating the processi ng chanber; and a third portion
conprising a plurality of inactive fibers, wherein the second portion
and the third portion are arranged on a common radi us, and each
source fibey A“@ISsepar ated al ong the conmmon radi us by elther at | east
one of the return fibers, at |east one of the inactive fibers, or
both return and inactive fibers. 9. The fiber optic cable bundl e of
claim 8, mherein the first, second, and third portions are arranged
al ternat el substantlall circular geonetry. 10. The fi ber
optic cablg bun |péo%qssmga?t?ﬂrg SR Y he second portl on conprises a
plurality of firs e fibers and a pluralit. first signal
fibers, each of?@ Fh@"‘g’ BﬁjY??SedT'blgé‘é‘HWg %P@ﬁsﬁs'?‘gyew%e adj acent at
| east one of the plura |t of first s urce fibers a at | east o e of
the plurality of Fhowernesd eseemblye patpled 10 aeiingyat ¢ %fptche ghibody and

bundl e of ﬁé@hg‘a]r@?aomﬁér%hﬂsén{?@tcpéh‘bﬁhd:élYnétf-ol@@FQ@HalS' gnal fibers are
arranged in a substantially circular geonetry and one of the

plurality of Se&ﬁ%‘étléﬁ%ﬁﬁutéﬁnﬁeaéwﬁ@%h% LIRS View Hte Fcﬁ:%s&i'ngexfol@rﬂé'éi a

cabl e bundl e of claim8, wherein the thi dportlonc nprise

plurality tﬂd@mﬁl@ngfémchambemodmandare adj acent the plurality of
inactive fibers in a substantially circular geonetry. 13. The fiber
optic cable bunalIsaedraldeasmlsgrstam@pmmis'm@@fibér opte plndialarmapged to view

SEcandes g{he pr];)'cgsesrlr?g FoEmesR ﬁam%%r Bngy hr}gﬁgtjﬁ the tfrénsmlsswezrgglon of the
showerhead assembly at an angle orthogonal to the plane of the showerhead,

wherein the fiber optic bundle further comprises:

a first active portion comprising a plurality of first source fibers and a
plurality of first signal fibers;

a second active portion comprising a plurality of second source fibers

and a plurality of second signal fibers; and

a third inactive portion comprising a plurality of inactive fibers.

2. The processing chamber of claim 1, wherein a portion of the plurality of first
source fibers are arranged in a spaced-apart relationship relative to the plurality of

first signal fibers.
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14. The fiber optic cable bundle of claim8, wherein the fiber optic
cable further conprises a substantially circular geonetry which

i ncl udes the second portion |ocated radially inward relative to the
third portion, and the at | east one source fiber is |ocated radially
inward relative to the second portion. 15. A method for processing a

substrate, conprising: etching a substrate positioned on a
substrate suppo FSRRSRG, : : ,
t hrough a %étteirfheezg')l@mskﬁﬁgé%@n%rﬁfﬁlﬁgﬂpr@i%rg%@%ﬁﬁééF’gg‘%‘aﬁ%wﬂj&“ty

i nt roduci ngf first isoatcediiterg yndrthe plirelityl aidinst signbl dibees bexlatrengedialtemately

substrate; . col Igcttitn?q a.first si_r%?al and a second signal fromthe
pl asny,; rolﬂ"f‘ﬁa TAaY *erértcu f&ﬁa rPfrough a fiber optic bundle to a

detector, wherein the fiber optic cable bundle conprises:

a first portion conprising at |east one source fiber having a first

end coupled to radi ati on source and a second end posjtioned t?
@,([)urallty of second

direct radftati ohn® PERAESERILAMREThCRIR b vieseisi sRFhaTdhe

a second PEGhhPbarS e iatiatend aPldHsf bhbYorQhe Pplurality G iitstsdurbe fibe RPN at
a first end”in communication wth at | east one spectroneter and a

second endlegstene ohthe plaralibycafifivet signal dberssi gnal s ori gi nating the
processi ng chanber; and a third portion conprising a
plurality of inactive fibers, wherein the second portion and the
third portion are arranged on a common radi us, and each source fi ber

i s separat8d al Ong prénessimgneivamizeti ofscléiyn 4] whereimtthe phsélitprod setondsignal
return fib east .qne of

t | he, i ti fib , bot t .
fmd 1 nact i et fis AEhged W & Sybste A Cevier gromibyand one phtispliAity of
t he col | ecggsbregl s fibers therebetween.

6. The processing chamber of claim 1, wherein the plurality of second signal
fibers and the plurality of inactive fibers are arranged in a substantially circular

geometry.

7. The processing chamber of claim 6, wherein each of the plurality of second

signal fibers are separated by one inactive fiber.

8. A fiber optic cable bundie coupled to a radiation source and at least one

spectrometer, comprising:

a plurality of optical fibers secured in a bundle, the bundle comprising a first
portion comprising at least one source fiber having a first end coupled fo the
radiation source and a second end positioned to direct radiation from the source

into a processing chamber;
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- 28 - 16. The method of claim 15, wherein the first signal is
generated by optical energy reflected fromthe substrate. 17. The
nmet hod of claim 15, wherein the second signal is generated by optical
energy fromthe plasma. 18. The nethod of claim 15, further
conprising: intermttently collecting the first signal while etching
the substrate. 19. The nethod of claim15, wherein the optical

orang of “the subarebfiiBbRpncftieNT & BlPalty of ot RAlM MRERaving 4 St end
optical enifrgymimsinitiation véth thevadreast ohe spebtrometar ang a kecdnd end positivaed

of fibers. ... The,. f .cl ai.m 20 [ el tigal ener S
di rel:t ed tBﬁ&%"%%&'@tﬁ@%lglogglzg'%hﬁguﬁ%aﬁgﬁ%bﬁﬁﬁgﬁg%ﬁy&pl ane 019 yt Ihe
substrate. 22. e, nmethod of cl.aim 15, wherein.the first si. | is
col sored by s e i B e it Bl Srlita fners. PheliflJi sglone
the plane pbrtmnh&arﬁ:uth‘étthaagaorti&i%areTBﬁaﬁ@édl@d PEomhinMadiis, WhEreich $difce
second signal is collected froma radial position relative to the
subst r at e. fibemis separated along the common radius by either at least one of the return

fibers, at least one of the inactive fibers, or both return and inactive fibers.

9. The fiber optic cable bundle of claim 8, wherein the first, second, and third

portions are arranged alternately in a substantially circular geometry.

10. The fiber optic cable bundle of claim 8, wherein the second portion
comprises a plurality of first source fibers and a plurality of first signal fibers, each
of the plurality of second signal fibers are adjacent at least one of the plurality of

first source fibers and at least one of the plurality of first signal fibers.

11.  The fiber optic cable bundle of claim 10, wherein the plurality of second
signal fibers are arranged in a substantially circular geometry and one of the

plurality of second source fibers therebetween.

12.  The fiber optic cable bundle of claim 8, wherein the third portion comprises
a plurality of second signal fibers that are adjacent the plurality of inactive fibers in

a substantially circular geometry.

13.  The fiber optic cable bundle of claim 12, wherein each of the plurality of

second signal fibers are separated by one inactive fiber.
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24. A conput er -readabl e nedi um cont ai ni ng i nstructions, that when
executed by a processing system control an etch process perforned in
the processing system the etch process conprising: etching a
substrate positioned on a substrate support disposed in a processing
system the substrate etched through a patterned nasking |layer in the
presence of a plasma; directing optical energy through the plasma
towards the substrate; collecting a first signal and a second signha
fromthe plasma; routing the first signal through a fiber

optic bundhg t OTﬁe%%?Bbﬁé Faﬁﬂ’@q’:ﬁﬁl'dﬂa bGaih @e%hQFétlﬁ ﬂwecﬁtPé Srﬁf‘é@b?e further

conpri ses: ortion conprising at
source fi beompaseng aubstashal@nd rccubarpgedmetryalvhlaﬂl iatludes shersseoad dpation

;?gggg siegg Icgc}qzqﬁ)l O?&ﬁ y |Fw(\?la%l re?a(ilve t%q%ee@ﬁaor)ﬁ@oqn}a%lﬁeie q%g I 6é gogrce fiber

plurality of Iofzatléatraﬂ@tlylm’\lvefrdb@téﬁvé‘&ﬂh@%e@oﬁd hdkiopNd i n comuni cation
with at |east one spectronmeter and a second end positioned to receive

optical signals originating the processing chanber; and
a third portion conprising a plurality of inactive fibers, wherein

the second1gor t AaieBel tbiifiobbidih BXUbb@REAESMRERGOed on a cormon

radi us, and each source fib I S separated al ong The common radi us by

either at | east t e %
i nactive fiber se&F‘ﬁw"}g%fl Shﬂgté%t%r%g%hyepngit’ai %Iebsirsgigu gsgont ro PneéCh
t he et ch pcbamwber,ithe subgitate ettied theoughl b pattechesi ngaakteg layeB(n the presence

of a plasma;

introducing optical energy into the plasma and directed towards the

substrate;
collecting a first signal and a second signal from the plasma;

routing the first signal through a fiber optic bundle to a detector, wherein the fiber

optic cable bundle comprises:

a first portion comprising at least one source fiber having a first end
coupled to a radiation source and a second end positioned to direct radiation from

the source into a processing chamber;

a second portion comprising a plurality of first return fibers having a
first end in communication with at least one spectrometer and a second end

positioned to receive optical signals originating the processing chamber; and

a third portion comprising a plurality of inactive fibers, wherein the
second portion and the third portion are arranged on a common radius, and each
source fiber is separated along the common radius by either at least one of the
return fibers, at least one of the inactive fibers, or both return and inactive fibers;

and
controlling the etch process in response to the collected signals.
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16. The method of claim 15, wherein the first signal is generated by optical

energy reflected from the substrate.

17.  The method of claim 15, wherein the second signal is generated by optical

energy from the plasma.

18.  The method of claim 15, further comprising:

intermittently collecting the first signal while etching the substrate.

18.  The method of claim 15, wherein the optical energy is directed towards the

substrate at an angle normal to the plane of the substrate.

20. The method of claim 15, wherein the optical energy is directed towards the

substrate by the first portion of fibers.

21.  The method of claim 20, wherein the optical energy is directed towards the

substrate at an angle normal to the plane of the substrate.

22.  The method of claim 15, wherein the first signal is collected by the second

portion at an orthogonal angle relative to the plane of the substrate.

23. The method of claim 22, wherein the second signal is collected from a

radial position relative to the substrate.
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24. A computer-readable medium containing instructions, that when executed
by a processing system, control an etch process performed in the processing

system, the etch process comprising:

etching a substrate positioned on a substrate support disposed in a
processing system, the substrate efched through a patterned masking tayer in the

presence of a plasma;
directing optical energy through the plasma towards the substrate;
collecting a first signal and a second signal from the plasma;

routing the first signal through a fiber optic bundle to a detector, wherein the

fiber optic cable bundle comprises:

a first portion comprising at least one source fiber having a first end
coupled to a radiation source and a second end positioned to direct radiation from

the source into a processing chamber;

a second portion comprising a plurality of first return fibers having a
first end in communication with at least one spectrometer and a second end

positioned to receive optical signals originating the processing chamber; and

a third portion comprising a plurality of inactive fibers, wherein the
second portion and the third portion are arranged on a common radius, and each
source fiber is separated along the common radius by either at least one of the
return fibers, at least one of the inactive fibers, or both return and inactive fibers;

and

controlling the etch process in response to the collected signals.
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