1 METHOD AND SYSTEM FOR ELECTRONI C SPATI AL, FILTERI NG OF SPECTRAL
REFLECTOMETER OPTI CAL SI GNALS 5 BACKGROUND Or THE I NVENTION 1. Field of
the Invention The present invention relates generally to spectral
reflectonetry, and nore specifically 10 to endpoint detection in

sem conduct or manufacturing using broad beamrefl ectonetry, inmaging
spectrography, and two di nensi onal charge-coupl ed device (2-D CCD) array
anal ysis. 2. Description of the RelatediArt In the fabrication of

sem conductor structures such as integrated circuits, nenory 15 cells, and
the |like, features, structures, and conponents are deflned patterned, and
construct ed i METHEE! AND SHSTHMHTRAELEE TRGIBIIeass. EXLEBBINGMOE SREEERMuct or
wafers to create nmnulti-| ayREFiEUEMELEROOSTICUCIIGEALS Sem conduct or waf ers
are processed through nunmerous operations during the sem conduct or

manuf acturi ng process. Layers are added, and structures and features are
defined, patterned, etched, renoved, polished and nmany ot her processes in
20 precﬁsely controll ed environments, during which the sem conductor wafers
and the features defined andggaasidueladilzNRveeNoRre cl osely nonitored and
anal yzed to determ ne the endpoin Of each process with exacting
precision. Typically, after each process, the wafer is exam ned to confirm
t he previous process was conpleted with an acceptable | evel of precision,
and wi th al.nFieldeftholnvertiors or 25 nonunifornities The various operating
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by of - eacho s Bl R e PR RO RN e EPAGEI v P BT ALY o
any chenges émipany dereiicabie smyoxﬁbctqu|rmdﬁh§aciudeg|tusfngelﬁfoahcﬂ>emtmﬂéauaﬁéwy,

correlated. to. any error onunlfornltle dISC ered whe IS
exar nod.  FsaEgeechighign ond FMCcHTRaTo i OB TERE dqUFT At GrPL Py

moni t or i ngam@ndisanal ysis to achi eve the degree of 30 precision required for
fabricatioE ﬁgth a Ieggl o{ ecgnony and efficiency to enable manufacture
on a scal CHANE sumer and industry demand. One conmon
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etching is commonl used to etch conductive and dielectric materials to
defi ne cells, and the like, features, structures, and components are defined, patterned, and

constructed in a series of manufacturing process steps on semiconductor wafers to create
multi-layer integrated structures. Semiconductor wafers are processed through numerous
operations during the semiconductor manufacturing process. Layers arc added, and structures
and features are defined, patterned, etched, removed, polished and many other processes in
20 precisely controlled environments, during which the semiconductor wafers and the features
defined and constructed thereon are closely monitored and analyzed to determine the endpoint
of each process with exacting precision.
Typically, after each process, the wafer is examined fo confirm the previous process
was completed with an acceptable level of precision, and with a minimum of errors or
25 nonuniformities. The various operating variables (e.g, event timing, gas pressure,
concentrations, temperatures, etc.) of each process the wafer is processed through are
recorded so that any changes in any variable may be quickly identified and potentially
correlated to any errors or nonuniformities discovered when the wafer is examined. However,
cutrent structures and devices require in-situ monitoring and analysis to achieve the degree of
30 precision required for fabrication with a level of economy and efficiency to enable
memufacture on a scale commensurate with consumer and industry demand.
One common manufacturing process is plasma etch. In semiconductor fabrication,

plasma etching is commonly used to etch conductive and dielectric materials to define



features and structures therein. Plasma etch chanbers are typically used
whi ch are capable of etching selected | ayers deposited over a substrate as
defined by a photoresist nask. In general, the processing chanbers are
configured to receive processing gases, and radio frequency (RF) power is
applied to one or nore electrodes in the processing chanber. The 5 pressure
within the chanber is controlled in accordance with a particular desired
process. Upon applying the desired RF power to the el ectrode(s), the
process gases in the chanber are activated such that a plasma i s created.
The plasma_is configured to performthe desired etching of the se|ected
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If the feature of interest for the reflectometer measurement only occupies a very small
fraction of the beam area as is the case in the manufacture of, by way of example, embedded
dynamic random access memory (EDRAM), then the signal contrast will be very poor, One
method to overcome the challenge is to use a very small beam, hereinafter also referred fo as

25 “spot,” and direct the spot around within the die until it falls on the region of interest. Such a
method may be used in laser interferometry. In order to implement this method, however, an
additional iImaging camera, positioning hardware, and image recognition algorithms ave
required.

Figure 1 shows a typical plasma etch system 100 illustrating in-situ monitoring

30 hardware and processes. A plasma etch chamber 102 is shown having a wafer 106 disposed
on a chuck 104, In order to accommodate in-situ process monitoring, the plasma etch system

100 can employ various additional features and structures. By way of example, the plasma

etch system 100 illustrated in Figure 1 includes a viewport 108 in the top of the etch chamber



etch system 100 illustrated in Figure 1 includes a viewport 108 in the top
of the etch chanber 3 100. An optics suite 112 is typically included which
may include any of a plurality of light sources frombroad beamto |aser
and detectors, depending on operator desires, process application, etc. In
sone applications, an x -y translational stage 110 is included for
positioning of the optics suite 112 relative to the features or regions of
interest, or for 5 positioning of a separately nounted | aser source 116. A
canera 114 is typically provided having a white |ight source for
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positioned on a side of plasma éttc chanber 102 instead of in the top.
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desired. 30 In_light of the foregoing, what is needed is _a ,r’Eet hod and
system that en Ab|vel M}}eﬁéy%ﬁn, the camera 114, having a light source for illumination and

pattern recognition sofiware, is implemented for a “whole-wafer” look to determine
20  gencralized whole wafer responses to plasma etch such as hot spots, whether the wafer edge is
etching faster than the center, etc. Typically, this type of system uses a filter or combination
of filters to look for a specific wavelength as an indicator of a particular state change in the
wafer.
Each of the above described spectral reflectometer, laser interferometer, and filtering
25  processes is well known in the art. One limitation illustrated in Figure 1 is that as systems
become more precise, and more complex, additional hardware is added. Additional hardware
typically requires chamber design review and modification that can approach the point of
being prohibitively expensive, and the increase in accuracy is often less than anticipated or
desired.
30 In light of the foregoing, what is needed is a method and system that enable making an
absolute etch-to-depth measurement, or even a relative depth change measurement, by
automatic selection of a portion of the wafer die without the need for hardware positioning

systems.



absol ute etch-to-depth neasurenent, or even a relative depth change
measurenment, by autonatic selection of a portion of the wafer die wthout
the need for hardware positioning systenms. 4 SUMVARY Or THE | NVENTI ON
Broadl y speaking, the present invention fills these needs by providing

met hods and systens for endpoint and etch-to-depth determ nation that

achi eves the precision of narrow or snmall spot interferonetry with broad
beam sinplicity. The present invention ¢an be 5 inplenented in nunmerous
ways, including as a process, an apparatus, a system a device, a nethod,
or a conputer readable nedia. geveral enboglnents of the present invention
are described below. In one e L TH for determ ning endpoint

of a plasma et chioRdly @ﬁ@kﬁ%l R pl&fen@nsw%@@“ﬁs Obs@ n¥ak & f:6vighevidieds ate
surface of the wafer eatures being etched, and 10 the nethod includes

appl yi ng coislemdeteadpaigiand sibdo-deih defpimipationfhat aehiGyss die PrecivPdlmaEey 0y
reflected Ljhghtpdir Rafehghetyr fenefd bhen vmﬁrmtyTh%é efrbett 8 chdd@hban Se

detected by discrete deteCtion regions, and each detection region is
conf i gut edintrderprntedr iy UBICERYE Giifes, SRURHNE aict BESCH, 2T RIGIREHCY S8 2 dWECent hod
further i nﬁan’:Hg@Sm'ad%ﬁﬂufteX 'r@ﬁa@i@%&ﬁa t @@/@@?%&%E&lﬂl@m‘é %g't&nﬁregéﬁt iRl At e

with a nodel optical signal. Endpoint of e plasma etching operation is
execut ed 1&spibeddelon. f eedback from t he |dent|f|ed one of the detected

regions. The e n i t he
features on théﬁgﬁékgggﬂ&eﬁ:gﬁ%{ ggméﬁgﬁﬁ&%gﬁﬁﬁﬁnﬁgﬁ?ﬂgﬁ?ggwﬁé?ﬂﬁﬁﬂm@ﬁ
waf er i s pefoviud@ac oThevagy st povided. Tlaxpabliaes off thel oaer hﬁmfenfglﬂ@ F@dlpaletﬂletbfanfé
pl asma, et c f n ur fa t he
oh ST EL P AR AL 8 SRR 100 B LSl LSl
det ect i ng rmétdterligd ﬂmrg hhe Burdare toi éhes wafeac elief reflbded\iifleris detreted dfyl dstrael

light is t ed b scr.e etectiaon r Each detectl on is
configuredg 8%H¥ Sf%%%@5?38“H§FM1%FmS§WIgz?Pg%ﬁ6§‘m5WF @qﬂéﬁ%@é%and
One of t hEﬁdﬁbﬁgft bamd. r”ﬂw oagod §mﬂmnﬁnogmireeﬁietmfy¢rfgr ol aft thewietehtien ragivdelio
optical si L r f t$ et chi tion is based
oh T eedbact I HAA THeh PR RALEhe ETPoER T Qi et Get Vo Brretongs pirane
advant eyeshaéd shRedyacls Bt thmﬂezﬁttﬂee RnO¥LMhe HBectRl tepionfl Thed:@cutisi®I entpointne
not abl e benef.t 8 d.ad antggr ff %he |nvegthg is that some of the
capabi | i ty'SPBFHEI 9u%%%1%9@ BAT e FRHEH RS P¥8E5si on and conpl exity of
narrow spot i ntigrahefhenehhatimsent! @@&M@ﬁ@m\%tuﬁm& hewsfefR px@vﬂdyd ahe yaad ibeam
reflectometry. Enpbodi nents of the present |nvention 9 require a
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the swface of the wafer has features being etched. The system includes a detector for

20  detecting reflected light from the surface of the wafer. The reflected light is detected by
discrete detection regions. Each detection region is configured to generate a specific optical
signal across a frequency band. One of the detection regions is configured to correlate with a
model optical signal, whereby endpoint of the plasma etching operation is based on feedback
from an identified one of the detected regions.

25 The advantages of the present invention over the prior art are numerous. One notable
benefit and advantage of the invention is that some of the capability formerly achieved only
with the precision and complexity of narrow spot interferometry is realized with the simplicity
of broad beam reflectometry. Embodiments of the present invention do not require a separate
camera and attendant separate illumination system(s), do not require pattern recognition

30  software, or a motorized franslational stage system. Embodiments return the precigion of
narrow spot interferometry with broad beam reflectometry that essentially create a series of

parallel narrow beam reflectometers, but with a single broad beam.



canera and attendant separate illum nation systen(s), do not require
pattern recognition 30 software, or a notorized translational stage system
Enbodi ments return the precision of narrow spot interferonmetry with broad
beamreflectonmetry that essentially create a series of parallel narrow
beamreflectonmeters, but with a single broad beam 5 Another benefit is
the ability to incorporate enbodi nents of the present invention with plasm
processi ng systens w thout significant c¢hanber nodification, w thout
interfering wwth plasma formation and plasma flow in any manner, and
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illustrates an optical” fiber aperture of the lens systemas would be
directed at the surface of a wafer in accordance with one enbodi nent of

the inygntion. 20 Fi gure 4 Bﬁl;@dﬁg%JB%%N%r’[%@@ ;@Qggt ronetry detection and
anal ysi's conponents in t of the present
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the present in

gum % is a spectrometer detection and analysis system in accordance with an
embodiment of the present invention,

Figure 3 illustrates an optical fiber aperture of the lens system as would be directed at
the surface of a wafer in accordance with one embodiment of the invention.

20 Figure 4 is a block diagram of spectrometry detection and analysis components in
accordance with one embodiment of the present invention.

Figure SA illustrates the arrangement of detector fibers in the entrance slit of imaging
spectrometer, in accordance with one embodiment of the invention.

Figure 5B illustrates an exemplary plot of 2-D CCD array detection and analysis in

25  accordance with one embodiment of the present invention.

Figure 6A shows an exemplary beam spot as might be projected onto a semiconductor
wafer, and representative locations of detector fibers in the optical fiber aperture, in
accordance with one embodiment of the present invention,

Figure 6B illustrates the projection of the beam spot of Figure 6A onto an exemplaty

30  die, in accordance with an embodiment of the invention.

Figure 7 is a flow chart diagram illustrating the method operations for making an

endpoint call in plasma etch operations, in accordance with one embodiment of the present

invention.



Figure 6B illustrates the projection of the beam spot of Figure 6A onto an
exenplary 30 die, in accordance with an enbodi nent of the invention.
Figure 7 is a flow chart diagramillustrating the nmethod operations for
maki ng an endpoint call in plasma etch operations, in accordance with one
enbodi ment of the present invention. 6 DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS An invention for determ ning and sel ecting which
region of a die to use to determ ne précess end point in plasm etch
operations is described. In preferred enbodi nents, nethods and systens for
t he detection and analy5|s of optlcal 5|gnals usi ng spectral reflectonetry
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the signal above, reflected light is returned upwards, and the reflectance from the wafer is analyzed as a

20 function of wavelength. A weighted average is used 1o analyze an overall response across the

die, with the weighted average accommodating such features and structures as hardmask, type

of features being etched, area of open space, pattern density, etc. While the algorithm used (o

evaluate with a weighted average may be particularly useful for specific structures, e.g.,

patterns or dies with fairly constant and uniform feature layout, it is not without limitation,

25 By way of example, if the feature of interest for the reflectometer measurement occupies only

a very small fraction of the beam area (e.g., EDRAM patterns and features), then the signal
contrast will be very poor. _

One method to overcome this problem of analysis of regions in which the feature

occupies only a very small fraction of the spot size of the broad band spectral reflectometer, is

30 to move to a smaller beam size. By way of example, a simple laser such as that used in laser

interferometer systems can have a spot size of approximately 50 micrometers (um). In a large

die of approximately 15 mm square, the small spot of the laser must be directed to cover a

large area relative to spot size, but a much greater capability to identify and analyze specific



contrast will be very poor. One nethod to overcone this problem of analysis
of regions in which the feature occupies only a very small fraction of the
spot size of the broad band spectral reflectoneter, is 30 to nove to a
smal | er beam size. By way of exanple, a sinple |aser such as that used in
| aser interferoneter systens can have a spot size of approximtely 50
mcronmeters (m. In a large die of approximtely 15 nmm square, the snal
spot of the laser nust be directed to cdver a large area relative to spot
size, but a nuch greater capability to identify and analyze specific 7
features of interest is achieve ng' hp order to nove ot aroun
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typi cal |y gansmit this reflected light to a spectrometer.
20 Figure 2 is a specirometer detection and analysis system 130 in accordance with an
embodiment of the present invention. Components of the spectrometer detection and analysis
system 130 include a light source 134, light source optical fiber bundle 136, lens system 132,
detection fiber bundle 140, and imaging spectrometer 138.
Light source 134 includes, in one embodiment, a broad spectrum source, typically
25  covering the wavelength range from 250 to 1000nm, for providing the desired broad band
light source that will be projected as a large spot on the wafer surface in a foot print of about
the size of a die. In other embodiments, light source 134 can be a pulsed light source such as
a xenon flashlamp, a dual light source such as deuterium/halogen, or a combination of a
halogen light source and light emiiting diodes.
30 Light source optical fiber bundle 136 transmits light from light source 134 to lens
system 132, In one embodiment, light source optical fiber bundle includes a plurality of
fibers for light transmission, with an exemplary bundle including 60-200 fibers, with

embodiments ranging from as few as 20 fibers to approximately 200 fibers depending on such



25 covering the wavel ength range from 250 to 1000nm for providing the
desired broad band |ight source that will be projected as a | arge spot on
the wafer surface in a foot print of about the size of a die. In other
enbodi ments, |ight source 134 can be a pulsed |ight source such as a xenon
flashl anp, a dual |ight source such as deuteriunf hal ogen, or a conbination
of a halogen light source and |ight emtting diodes. 30 Light source
optical fiber bundle 136 transmits light8 fromlight source 134 to |lens
system 132. In one enbodi nent, |ight source optical fiber bundle includes a
plurality %@ fibers for Ilght transm ssion, wth an exenpl ary bhundl e
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waf er 106 (see Figure t) in accordance with one enbodi nent of the
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20 source fibers 136a and detector fibers 140a within lens system 132 as seen from an optical
fiber aperture 135 of lens system 132 as might be directed at the surface of wafer 106. Dark
circles representing detector fibers 140a are inferleaved with clear circles representing light
source fibers 136a. In one embodiment, detector fibers 140a are dispersed throughout the
optical fiber pattern presented at optical fiber aperture 135 of lens system 134. Such dispersal

25  ensures detector fibers 140a receive reflection from essentially the entire footprint of the beam
directed at the wafer surface 106,

Returning to Figure 2, detection fiber bundle 140 transmits light received by detector
fibers 140a (see Figure 3) to imaging spectrometer 138, In one embodiment of the invention,
detection fiber bundle 140 includes 13 detector fibers 140a, and in other embodiments the

30 number of detector fibers 140a can range from about 5 to about 15 detector fibers 140a,
depending on degree of resolution necessary and on imaging spectrometer 138 capability or
capacity. In one embodiment, imaging spectrometer 138 includes a 2-D CCD detector array,

described in greater detail below.



source fibers 136a. In one enbodi nent, detector fibers 140a are di spersed

t hroughout the optical fiber pattern presented at optical fiber aperture
135 of lens system 134. Such dispersal 25 ensures detector fibers 140a
receive reflection fromessentially the entire footprint of the beam
directed at the wafer surface 106. Returning to Figure 2, detection fiber
bundl e 140 transmts light received by detector fibers 140a (see Figure 3)
to i magi ng spectroneter 138. In one enmbodi nent of the invention, detection
fi ber bundl e 140 includes 13 detector fibers 140a, and |n ot her enbodi nment s
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suffi Cﬁ ent nunber of detector fibers 140a for desired or necessary feature
accommodate a sufficient number of detector fibers 140a for desived or necessary feature
resolution.
In one embodiment, exact correlation between a specific location or position of a
single detector fiber 140a within entrance slit 142 and a specific position in lens system 134 is
not determined or maintained, and process analysis including end point call or etch-to-depth
25  determination is based on analyzed wavelength irrespective of an exact detector fiber 140a
location. As will be described in greater detail below, wavelength analysis is used to
determine regions of interest on a wafer 106 (see Figure 1), and once a region of interest has
been identified, analysis of the reflectance from that feature proceeds regardless of the
position of the detector fiber 140a in the lens system 134 or the entrance slit 142. In another
30 embodiment, sfrict compliance is maintained to ensure essentially exact positional
correspondence for each detector fiber 140a between a specific location in lens system 134

and position within the vertically oriented entrance slit 142,



resolution. In one enbodi nent, exact correlation between a specific

| ocation or position of a single detector fiber 140a within entrance slit
142 and a specific position in |lens system 134 is not determ ned or

mai nt ai ned, and process anal ysis including end point call or etch-to-depth
25 determ nation is based on anal yzed wavel ength irrespective of an exact

detector fiber 140a location. As wll be described in greater detai

bel ow, wavel ength analysis is used to d&etermne regions of interest on a
waf er 106 (see Figure 1), and once a region of interest has been
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selected as empty or buffer bands between cach of the vertically stacked plots of detector fiber
140a signals for clarity of plot and ease of perceiving the separate and distinct detector plots,
As shown in the embodiment illustrated in Figures 5A and 5B, each detector fiber
140z provides arrayed data across essentially entire wavelength spectra. In this manner, the
25  signals from each of the detector fibers 140a, that collectively provide reflectance information
across essentially an area corresponding to the size of a die on a semiconductor wafer, can be
monitored and anatyzed. In one embodiment, the monitoring and analysis enables
mathematical selection of the detector fiber 140a or combination of detector fibers 140a
providing the best signal contrast, or the best content of information in the reflectant signature
30  for a given process in real time. This enables determination of which detector fiber 140a or
combination of detector fibers 140a to examine, analyze, and monitor at run time. In one

embodiment, each signal, each signal of interest, and/or each combination of signals can be

compared to any of a plurality of models appropriate for the type of process, stage of



20 between the two extrenes. In one enbodi nent, a desired nunber of pixels
(not shown) is selected as enpty or buffer bands between each of the
vertically stacked plots of detector fiber 140a signals for clarity of

pl ot and ease of perceiving the separate and distinct detector plots. As
shown in the enbodinent illustrated in Figures 5A and 513, each detector
fiber 140a provides arrayed data across essentially entire wavel ength
spectra. In this manner, the 25 signal$lfromeach of the detector fibers
140a, that coIIectiver provide refl ectance information across essentially
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plasma etch chamber would have to be known and maintained.

In another embodiment, the algorithm runs in parallel on the signals from all the
detector fibers 140a, and the signal exhibiting the greatest signal contrast is selected for
determination of endpoint.

25 In yet another embodiment, the algorithm runs in parallel on the signals from all the
detector fibers 140a, and the signals are arbitrated using the error level from each signal to
determine which endpoint to return to the tool. In this embodiment, the signal from each fiber
is compared in real time with a model. For each of the detector fibers, the parameters in the
model {e.g., the thickness of the layers on the wafer, open area, surface roughness, etc.) are

30 adjusted to achieve a best “goodness of fit” between the model and the signal from the
detector fiber. The goodness of fit can be viewed as an ertor signal that indicates how well
the model is matching the real signal from the wafer returned by each detector fiber 140a,

The endpoint returned to the tool is then calculated from the fiber signal having the lowest



conpliance is necessarily maintai ned between detector fiber 140a positions
relative to the entrance slit 142 (see Figure 5A) of imaging spectroneter
138 (see Figure 4) and the optical 20 fiber aperture 135 (see Figure 3),

and the orientation of a wafer 106 (see Figure 1) in the plasma etch
chanmber woul d have to be known and mai ntained. |In another enbodi nent, the
algorithmruns in parallel on the signals fromall the detector fibers
140a, and the signal exhibiting the gredfest signal contrast is sel ected
for determ nation of endpoint. 25 In yet another enbodi ment, the algorithm
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20 content of information in the reflectant signature for a given process in real time. In Figure
6, region of interest 164 might return a signal through detector fiber 140a-1 matching a
model for the particular feature, structure, cell, etc., for which a specific status or degree of
processing (e.g., endpoint, eich-to-depth, ete.) is desired. Once a match is identified, detector
fiber 140a-1 can be monitored real time until the desired status or degree of processing is

25  achieved.

It should be appreciated that, in one embodiment, a match is identified between a
received optic signal, processed through imaging spectrometer 138 (See Figure 4) having a 2-
D CCD detector array and a model processed signal for a specific parameter. In Figure 6B,
detector fiber 140a-1 may or may not be a specifically identifiable fiber or in a specifically

30 identifiable location, but the signal returned is matched to specifically identify a desired
parameter such as endpoint, etch-to-depth, ete.

Similarly, region of interest 166 might be identified by the signals from detector fibers
140a-2 and 140a-3, or by the combination of signals from fiber detectors 140a-2 and 140a-3.



or region of the exenplary die 162. As described above, the reflectance
information from across essentially the entire exenplary die 162 can be
nonitored and anal yzed. In one enbodinment, the nonitoring and anal ysis
enabl es mat hemati cal selection of the detector fiber 140a or conbination
of detector fibers 140a providing the best signal contrast, or the best 20
content of information in the reflectant signature for a given process in
real time. In Figure 613, region of intlérest 164 night return a signa
through detector fiber 140a-1 matching a nodel for the particular feature,
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The method continues with operation 174 in which the substrate is positioned in a
plasma efch chamber. An exemplary chamber is generally illustrated in Figure 1. In one
embodiment, the plasma etch chamber has a viewport in a top region of the chamber
providing visual access to a top or active surface of the wafer to be processed in the plasma
25  etch chamber,

In operation 176, the substrate is illuminated. A light source transmits light through a
fiber optic bundle fo a lens system that is positioned over the viewport. In one embodiment,
the fiber optic bundle includes a plurality of optic fibers, which may range in number from
approximately 60 to approximately 200. In another embodiment, the fiber optic bundle

30 includes a plarality of optic fibers, which may range in number from approximately 20 to
approximately 200. At the lens system, the light is collimated and aligned with the wafer
surface, and transmitted in a beam having a spot of approximately 12.5 mm in diameter. In

one embodiment, & 12.5 mm spot size is selected to correlate with an approximate 12.5 mm



i nvention. The nethod begins wth operation 172 in which a substrate is
received for plasma 15 etch. In one exanple, the substrate is a

sem conductor wafer having a plurality of structures defined and in the
process of being fabricated therein. The structures can be of any type that
is usually fabricated in and on sem conduct or wafers such as integrated
circuits, nenory cells, and the Ilke f one enbodi nent, the structures
are enbedded dynam c random access 4y structures having relatively

| arge areas of generally open or featurel ess space with 20 scattered
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spect r oret @pbodiment, p1ov1des a graphic display across light spectra for each detected reflectance

20 signal.

The method concludes with operation 184 in which one or more detector optic fibers
are selected to make an endpoint call based on the analysis. In one embodiment, the endpoint
call is based on an analysis using an algorithm in which the signal from a particular detector
optic fiber is selected to determine endpoint. By way of example, in a circumstance in which

25  a known feature is in a known location on the substrate, and an known detector fiber is
aligned with a known location corresponding to the feature, that known detector fiber is
monitored and matched to a model for endpoint of that known feature.

In another embodiment, an endpoint call is based on an analysis in which an endpoint
algorithm is run in parallel on the signals from all of the detector optic fibers. Each of the

30 signals is examined to identify a greatest signal contrast of all of the signals. That particular
signal is selected, and the optic fiber returning the selected signal is monitored for a match to

endpoint signature.



fromthe lens systemvia a detection fiber optic bundle. Each of the
detector fibers transmts detected light corresponding to a particul ar
position or location fromthe surface of the substrate, as the detector
fibers are interleaved with |ight source fibers and di spersed across 15 the
fiber optic aperture providing essentially conplete reception coverage of
the bean spot. The nethod continues with operation 182 in which the
detected light fromeach of the plurality of detector optic fibers is

anal yzed by the imagi ng spectroneter. The imaging spectroneter includes a
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20 an electromagnetic carrier wave in which the computer code is embodied. Examples of
computer readable media include hard drives, network attached storage (NAS), read-only
memory, random-access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, and other
optical and non-optical data storage devices. Computer readable media can also be
distributed over a network coupled computer system so that the computer readable code is

25 stored and executed in a distributed fashion.

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 Hmited to the

30 details given herein, but may be modified within the scope and equivalents of the appended

claims.

What is claimed is:



enpl oy various conputer-inplenmented operations involving data stored in
conputer systens. These operations are those requiring physical
mani pul ati on of physical quantities. Usually, though not necessarily,
these quantities take the formof electyical or nmagnetic signals capable

of being stored, transferred, conbined, conpared, and ot herw se
mani pul ated. Further, the 15 mani pul tﬂ Hﬁsperforned are often referred to
in terms, such as producing, identif? ﬁg determ ning, or conparing.
Aspects of the invention can also be enbodied as conputer readable code on
conputer readable nedia. Conputer readable nmedia is any data storage
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mothod Toroaerd PR AREPIAER T AL e ee el B s o al B B g Face
on a mafeunmmhmgawnﬁa&sadﬁnﬂhéuMﬁéEﬁgh@Vlng features being etched,

conpri si ng: RJY collimated light onto the surface of the waf er wher ei n
the col | i mat ed*d® i&%ﬂ&?’%@? féf'%téewf%m%%misédff:ﬁ%ugwosiehqp@hfi siBdbce
fiber optjg bundle to a fiber optic aperture of 'a lens, the lens
collimating and directing the collimted light to the surface of the

waf er, mhereincmheﬁmkghthUwﬁdenﬂh%eacwbmg©pbmﬁdheaﬁHGMUHekmamﬁanrmngenent

of a pluralit t source.fib ers and. a plural.ity.of detectar fibers,
wherei ¢ e s e oy AEpeedel B fesareuP ek S cholnrive Btk al 1 1y
of |ight seuideddthBE Ssatures on the surface.

2. The method of claim 1, wherein the plurality of the light detector fibers being

interfeaved with the plurality of light source fibers from the light source fiber optic

bundle at the fiber optic aperture.

3. The method of claim 2, whercin the discrete detection regions are defined by each
of the plurality of the light detector fibers, the discrete detection regions corresponding to
an arca on the surface of the wafer from which reflected light is detected by the light

detector fibers.

4. The method of claim 1, further comprising:
transmitting the detected reflected light from the surface of the wafer to an
imaging spectrometer;

analyzing the detected reflected light by the imaging spectrometer;



detecting reflected Iight fromthe surface of the wafer, the reflected

| i ght being detected by discrete detection regions, each detection region
bei ng configured to portray a unique signal across a hand of wavel engt hs;
identifying one of the detection regions to correlate with a nodel optical
signal; and executing endpoint of the plasma etching operation based on
feedback fromthe identified one of the detected regions, the execution of
endpoi nt bei ng npyeetfieg pedpitigt Piaeal e theasrlred detesthe rellegted Pedt it oReel
surface. The. npth of claim1, wherein the plurality of the |ight

det ect or %Fl%ﬁg%%éfﬁég interleaved with the plurality of |ight source
fibers from theelkétghtths aurdedbbbed spphi © debumeicemipoinhef fhic pesmaptdling
aperture. 3. The nmethod of claim2, wherein the discrete detection regions
are defin8BBYo%®ach of the plurality of the light detector fibers, the

di screte detection regions corresponding to an area on the surface of the
wafer fromwhich reflected light is detected by the light detector fibers.
4. The nmethod dhe clalian df, cléior 4, hvérer@o tipr insigng: speclansaict hichget hevaet ect ed

flected light fromth f the waf er t ect ronet er;
nal yoi ng epe sl TPl aaRaer B By R ARGy A P RO BP oy

mat chi ng gphioptical signal fromthe analyzed detected reflected light to a
nodel optical signal; and selecting the matched optical signal to
determ ne endpoint of the plasma etching operation. 5. The nmethod of claim

4, whereip the.imagin GLr ter. i.n a_two di S| ge
coupl ed dQViceFF&Eg%if$§§$?%vE$§F“%HQFﬁ??%g* ﬁSEHEFé%ﬁggﬁﬁé p%hk&gﬁglight.
6. The nethiqde obngllaatdss 4.fregheteivant ier «2bh @8kcid @yions configured to display
the wunique signal across a frequency band for each detection region. 7.
The nethod of claim4, wherein the matching of an optical signal fromthe

anal yzed det echd (AIJ ARl iocdi® R MRLER,ARLH 6BlicAANA b AECOMD | shed
by matching an oBficaI gﬁgﬁéﬁ fr6ﬁ1eaéﬂgb%n3 pldrglft;g%? f?ght det ect or
fibers i napdyalldetectudtrbfledied light to a model optical signal is accomplished by matching

an optical signal from cach of a plurality of light detector fibers in parallel with the

model optical signal and identifying a greatest signal contrast.

8. The method of claim 7, further comprising selecting the identified greatest signal

contrast and monitoring the selected signal for a match to an endpoint signature.

9. The method of claim 4, wherein the matching of an optical signal from the
analyzed detected reflected light to a model optical signal is accomplished by matching
an optical signal from each ot the plurality of light detector fibers in parallel with the
model optical signal and arbitrating an optical signal from each of the plurality of light

detector fibers to identify a maximum acceptable error level.

10. The method of claim 9, further comprising sclecting one of the optical signals
from each of the plurality of light detector fibers to determine endpoint of a plasma

process having a lowest error level below the maximum acceptable error level.

11, A system for ctching a wafer, the system capable of determining endpoint of a
plasma ctching operation of a surface on a wafer, the surface of the wafer having features

being etched, comprising:



nodel optical signal and identifying a greatest signal contrast. 8. The
met hod of claim 7, further conprising selecting the identified greatest
signal contrast and nonitoring the selected signal for a match to an
endpoi nt signature. 9. The nethod of C|@Ln14, wherein the matching of an
optical signal fromthe analyzed detect®d reflected |light to a node
optical signal is acconplished by matching an optical signal from each of
the pl uraI ity érddacirifodetedingrefqomstlalit fopathaisnercan ithe vher, headlccpti cal
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accept abl 8|k Qchh rﬁ;\/t%cl dti]c)'h is ﬁas%ﬁ%ﬁlqm(fb‘a[k ﬁBﬁlhhﬂQu‘?"tifY@if(ﬁlrc,’otttllfLedéé’c?t&? m

capabl e of determ ning endpoint of pl asma etching operation of a surface
on a vvafelt%ifmﬁewi;gﬂcfla&le1@ﬁcctdﬁehgbaicetralhawumgoftbfadup@sx thbeighg: @titheldhg
conprisin tor f or t ed I| ht fromthe surface
of The vars Sysd b bRl 06 157 qbfeb P gt b b8 Tesheel
regions, enedlitder aghd RrdeeWeR el FGratens i i est hﬂe@s GeReNAHR Funechf i C
optical signal across a frequency band, one of the det ection regi ons being

conflgureée%ﬁobﬂ?%éﬁé%@“mkﬁﬁﬁd“Nﬁd@WﬂWﬂPE@@“§P@ﬁaﬁmthereby endpoi nt of
the plasma etching operation is based on feedback froman identified one
of the detected regions, wherein the reflected light is transmtted to the
det ect or throu@hc aystoh bif vatihng, whans: 8yat wawands tefdehetonpigiensihungl e, the
fiber optic bund]e |nc udi n rrangenent. of a Iurﬁllty of |ight source

fibers ana(’lﬁléam‘rfaww 5 VB Rt OPRG pignal{h delermneihehpFRACHEG Pyficak
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12. The systemof claim1ll, where he one of etection regions
bei ng con&n@@medlimwd@vd@LamwamthmacﬁmMEpMQpaemhMgsmgmabnls det er m ned,
the specific optical signal of the one of the detection regions is from
the identified one of the detection regions and is used to determ ne

endpoi nt pf. t hehpbasimoetialh ng, RRBERGGQRsink3. The system of claim 11,
further conpr|S|ng a plasma processing chanber having an interior region,

an exterior, aﬁHd&“d@ﬂéﬁ@%ﬁ$C¥WQWWhﬁﬁg&@ﬂyuawma@é@gsmt@“@%@ pmt@rior region

from tgga\%g&& Hfavidiol: Vi ROUGSE af AT BoRI(BY LS Proad spectrum

a light source conﬁ gured to provide a broad spectrum light beam for directing
through the viewport onto an active surface of a semiconductor wafer positioned within
the interior region of the plasma processing chamber;

wherein each of the plurality of detector optical fibers having a detection end and
an analysis end, each detection end being positioned in a fiber optic aperture of the
collimating lens system;

an imaging spectrometer, the imaging spectrometer receiving the analysis end of
cach of the plurality of detector optical fibers; and

a 2-D CCD detector array to analyze a received optical signal from each of the
plurality of detector optical fibers

wherein the endpoint of plasma the etching operation is determined based on an

analysis of the received optical signal {rom each of the plurality of detector optical fibers.



t hrough the viewport onto an active surface of a sem conductor wafer
positioned within the interior region of the plasma processing chanber;
wherein each of the plurality of detector optical fibers having a detection
end and an analysis end, each detecti on, end being positioned in a fiber
optic aperture of the collimating |ens “system an imaging spectroneter,
tlhle i magl ng spect rometer receiving the analysis end_ of each of the
plurality 6f detecyBFmepeladal s Wbéircsﬂ thg ggalysid opheeer derdeittisn! sagnhiiobo

anal yze a &e&iMedien [%%?‘Lut%tgrn tlc,d”?lm@?rﬁhm%g nfe h(%u h'd &él\;di (ﬁ)fllcget ector
opti cal ers erel e endpol nt ih &t chi i ng ation is
det erm nedaglua]siecoin@nc ant thaphhzylﬂy@f d«‘:tctthemmaraéﬁbeé toptncial Olﬂlcghagn“ﬂ fom each
of the pI rality of. det r optical fibers. 19 14. The systemof claim
13, wher ef h"“t‘ﬁ‘}éXSPfaPS/@. LBI%SLElﬁét ’B@éﬁ’\?é’d‘%ptlcal signal from each of the
plurality of detector optical fibers includes matching the received optical
signal fromeach of the plurality of detector optical fibers to a nodel
optical silgnal Tﬁl@ﬂ?'c@lﬂﬁd’é@d%f@dg evstipophtlatro 1 8 hehphaghe 2BtChPnlylasperatyon. 15.

Th | t.he 2D CCD d
orovl dos G TG KRRkl Prdies BRERTHRYt ol Csrgnad - o Y



