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pr oduct :t%ﬁﬂﬁg%ﬂgh&%%&fggﬁg%%%myﬁg’uﬁn ’S’?Bﬁéﬁﬁ %raélﬁ%r a f/lg eing an RF
si gnal . tethtigpe jsaypically d2pendentripon thet gederatiorpof reastive spekies framgmocess gasestthat RF
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chanber 10. This RF radiation in turn excites the gas :

With reference to Figure 1, creating plasma for use in manufacturing or fabrication

processes typically begins by introducing various process gases into a plasma chamber 10 of a
plasma reactor,' generally designated 12. These gases enter the chamber 10 through an inlet 13
and exit through an outlet 15. A workpiece 14, such as an integrated circuit wafer is disposed in
20 the chamber 10 held upon a wafer holder 16. The reactor 12 also includes a plasma density
production mechanism 18 (e.g. an inductive coil). A plasma inducing signal, supplied by a |
plasma inducing power supply 20 is applied to the plasma density production mechanism 18, the
plasma inducing signal pi'eferably being an RF signal. A top portion 22, constructed of a
material transmissive to RF radiation such as ceramic or quartz, is incofporated into the upper
25 surface of the chamber 10. The top portion 22, allows for efficient transmission of RF radiation
from the coil 18 to the interior of the chamber 10, This RF radiation in tumn excites the gas
molecules within the chamber generating a plasma 24, The generafed plasma 24 is useful in

etching layers from a wafer or for depositing layers upon a wafer as is well known in the art.

An important consideration in all etch and deposition processes is the momtorihg of
30 process parameters such as etch and deposition rate, film thickness and determining a time,

referred to as the endpoint, at which to end the process. Common methods for monitoring
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nol ecul es wthin the chanber generating a plasma 24. The generated plasm
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In optical emission interferometry, the light generated by the plasma is used as the light
source for interferometry. Light is collected from the plasma chamber with a lens and passed
20 through a bandpass filter and into a photodiode. The bandpass filter defines the wavelength of
light being used as the interferometric signal and blocks light at unwanted wavelengths to
prevent the plasma background from reaching the photodiode. In both laser interferometry and
optical emission interferometry, the etching rate and film thickness is easily calculated by

detecting the time between adjacent maxima or adjacent minima in the interferometric signal.

25 The use of broadband light sources in interferometric methods is also well known in the
art. U.S. Patent 5,291,269 to Ledger discloses an apparatus for measuring the thickness of a thin
film layer including an extended light source that forms a diffuse polychromatic light beam. The
beam illuminates an entire surface of a wafer and is reflected off the wafer and passed through
filters to form a monochromatic light beam that is projected onto a detector array. The

30 monochromatic light beam displays an interference fringe pattern image on the detector array.
This pattern is processed to create a map of measured reflectance data that is compared to
reference reflectance data to generate a map of the thin film layer thickness over a full aperture of
the wafer.



| i ght being used as the interferonmetric signal and bl ocks |ight at unwanted
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Prior art ultraviolet light sources are typically extended sources and coupling light

20 efficiently from these sources is optically difficult. Additionally, these sources tend to be
monochromatic sources. Finally these sources typically have relatively low intensity thereby

making the interferometric signal harder to detect above the plasma emission background.

It would therefore be desirable to providé a method and apparatus for monitoring a
plasma etch or deposition process that provides a non-extended light source for generating light
25 that is efficiently coupled into an optical system. -

It would further be desirable to provide a method and apparatus for monitoring a plasma
etch or deposition process that provides an interferometric signal having a broad spectral range,
high intensity and a high signal to noise ratio.

Finally, it would be desirable to provide an apparatus for monitoring a plasma etch or
30 deposition process including a light source having a longer lifetime than the extended broadband
light sources of the prior art.
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pl asma etch or deposition process that reduces the sensitivity of the
detector to plasima em ssion but that allows for nmeasurenents over a broad
‘range of wavel engths, and in particular, 15 neasurenent in the ultraviolet
regi on of tweofpgsgrum Materials used in integrated circupérmébédsati on
are generally nore reflective in the ultraviol et range and the use of
'shorter wavelengths allows for greater resolution of the interferonetric
signal providing for increased accuracy in film.ithickness neasurenent.
Prior art ultraviolet |ight I C re hﬁa@i ext ended sources and
coupling light 20 effici enﬁmm&éﬁ tiog optically difficult.
Additionally, these sources tend to be nonochromatic sources. Finally

t hese sources typically have relatively low intensity thereby naking the
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deposi ti me t han
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wavelengths that are detected by multiple detectors, and a data processing element for processing
15 the signal from the spectrograph and estimating the thickness of any film on the substrate. The

light source is preferably a flash lamp emitting a broadband optical radiation synchronous with a

data acquisition cycie of the spectrograph. Data are recorded only during the short output pulse

from the flash lamp and the integration time of the spectrograph is thereby reduced. The

background light received from the processing plasma is proportional to the integration time so
20 the effect of the plasma emission on the spectrograph signal is largely eliminated.

According to a second aspect of the invention, plasma intensity is recorded while the
flash lamp is off and the detected signal is subtracted from the signal recorded with the flash
lamp on. This embodiment further reduces the effect of the plasma emission on the

measurement.

25 Accorditng to a third aspect of the invention? the spectrograph comprises a multi-chamnel
spectrograph. A channel of the spectrograph is utilized to monitor the flash lamp signal on each
pulse. Variations in the flash lamp signal are removed from the signal to reduce variations in the -
interferometer signal.



software al gorithns operable to calculate filmthickness and etch and
deposition rates the 10 desirable short wavel engths. According to a first
aspect of the invention, the apparatus includes a |light source, a

col I'i mat or, we ohp4k89 Sensitive detector such as a spectrogrrfansone613

moni toring an gl S8 bk ddv@ithddl G b pRBknt iiblehtici @il BecOiit biffiretibiofhosclskitied
spectrograph being operable t Isperse light into nultiple wavel engfhs
that ar e inithearttupon byeading of fHedolinsting deseription o the inventiop pribasudyf the svedt f or
pr ocessi 15 }%P Si n%l fromthe spectrograph and estinmating the thickness
of any fi SR ﬁgn% trate. The [light source is preferably a flash [anmp
emtting a broadband optical radiation synchronous with a data acquisition
cycle of the spectrograph. Data are recorded only during the short out put
pulse fromthe flash lanp and the integration tinme of the spectrograph is
t hereby reduced. The background light received fromthe processing plasma
is proportional to the integration tine so 20 the effect of the plasm

em ssion on the spectrograph signal is largely elimnated. According to a
second aspect of the invention, plasma intensity is recorded while the
flash lanp is off and the detected signal is subtracted fromthe signal
recorded with the flash |anp on. This enbodi nent further reduces the
effect of the plasma em ssion on the neasurenent. 25 According to a third
aspect of the invention, the spectrograph conprises a nulti-channel
spectrograph. A channel of the spectrograph is utilized to nonitor the
flash lanp signal on each pulse. Variations in the flash | anp signal are
renoved fromthe signal to reduce variations in the interferoneter signal
4 WD 01/23830 PCT/ US00/ 26613 These and ot her advantages of the present
invention will becone apparent to those skilled in the art upon a reading
of the follow ng description of the invention and a study of the several
figures of the drawings. 5 WO 01/23830 PCT/ US00/ 26613




BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will be readily
understood by the followi ng detail ed description in conjunction with the
acconpanyi ng drawings, with like reference nunerals designating like 5

el ements. Fy@ifsskei S @ schematic view of a prior art plasgeriSsissis:
Figure 2 is a block diagramof the nonitoring systemof the present
invention. Figure 3 is ESCRIFIIONOF ot PRAWESER! i nvention. 6 WO
01/ 23830 PCT/ USO0/ 26613 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Figure 2 shows the conponents of a system generally designated 30 using
multiple wavelength illumnation. The system 30 conprises an illum nation
nodul e 33 conprising a 5 flash lanp 35 and a power supply with trigger 37.
The system 30 Tak ?fbsﬁﬁ)m%ﬁtﬁm&wiﬂ beéddily uhaétasod bybihe EloNeRPIRaifd deSiption in
anal og-to-digital converter 43, a synchronizer and bus 1nterface ES, a
first arfguusctioRgvititheaqcpmpanyngdiawings,yith ikegaferenps mumserals designating likor i t hm
devegl opnmapmedtsock 50. An optical fiber 60 optically connects the flash

| anp 35 and the spectrograph 40 to a beamform ng nodule 70 di sposed
outside of a plasmm, chanber. This system 30 is used to cal culate the 10
thi ckness of &189r¢ hisgschemplic Xiewfa nrios ad plagmepeagtor.ne pl asna chanber, as
descri bed bel ow. The flash |Ianp 35 generates broadband |ight in the range
of about 200 gy g;pis&mcgrdgyg&moﬁ' ! i 1 e br oadband
l'ight fromthe gfhlrash lanp 35 to t'dﬁg%&@oﬁ%ﬁfﬂﬁéﬁg{?g&ﬁgbosed

out side the plas chanber, . The beam form ng nopdul e 70 includes a

col | i mat or 72&:@;&115@3?“%?‘6?%%3%%@“&% er of the broadband |ight
to collinmate a 15 substantially parallel beamon a wafer 74 substantially
normal to the surface of the wafer 74. The collimtor 72 includes a single
or multiple lens or mcroscope objective. The collimator 72 further -
focuses reflected |light back on the optical fiber 60. Wen the broadband
light beamillum nates the wafer 74, the wafer 74 reflects part of the
broadband |ight beam The spectrograph 40 neasures the spectrum of the
reflected |light and



20 generates an anal og signal representing the spectrumof the refl ectance.
The anal og-to-digital converter 43 converts the analog signal -to a digital
signal and sends the digital signal to the synchronizer and bus interface
45. The syncwoeomsssm and bus interface 45 are operabl e tri ggqfushdissels aht
source 35 to generate the |ight beam and cause the spectrograph 40 to

det ect the spectDETAILEDDESCRIFIIONIOFEHE PREFERRED EMBODIMENTS!
pre-determned time intervals. The synchronizer and bus interface 45 are
al so operable to cause the spectrograph to detect the spectrum of the

pl asma em ssion reflected from the wafer 74 when it is not being
illumnated by the flash lanp 35. The synchroni zer and bus interface 45
coor di nat es t hFigere2ishows the somponents of a Systenm generally desigmaticd 30 usirggmiltiple t he

power supply .37, .causi the flash.lanp .35 t ener at e byoadband | i ght

D" ol se” Naveiches Rtialih, e wapa 30 BRoss ah BSSfion odhis S Sruepes s on

cycle of flhh lamess indal puwer $bplySaith tibgeit 37 TheRedKrA B0 AB6 caMPriftd & nuMi-Ghdnagle 45
7 WO 01/ 23830 PCTI USOO' 26613
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bus i nt er jtRccha daRH FP andPd95RE A taPrébelstlg M ANRYitHM @Feldptent block 50. An

anal og-to-digital converter 43 in the second data file 49 when the wafer

74 i s not optical fihen 6@ enticalineonmegts theflasllamp 38 aadithe spectogmph 40 tasbranionnisg dat a
files 47 anguig9o hﬁp&é@@gut‘si?e afsfiﬁﬁﬁnasclﬂihi}?x? ws@?stamoﬁé 820116 bﬁ%ﬁﬁy gJeop ment
nvention the ocC

bl ock 50. According to a first aspect of the 50 uses
t he 19 nf or thickiess of2 Himeon a wafen positioned withinth¢ plasmaichamber; a$ described below. t hi ckness
of the film on the wafer 74 and the etch or deposition rate. Conputer '

anal ysis of t £ ?ﬁ&% I 3 %‘P‘ﬁ? | 1S

m ni ma and rra:?lﬁaq,ﬁg pr o??’g S t %?it)rﬁ?%ﬁig g‘?ﬁl‘fkﬂéﬁgwéﬁbgg we W%éﬂ?gﬁg' etch

or deposi Thexnpticalfiber GOraamies thesbroadbandilight fromdhe Hastidaiy 85 tasthe beam fommingy

cal cul ate oF . .l ILOR : ock 50

aest e Tagd? 76 EReA il find pRbie anRE Dt i3 hind YBBYIS 9 slchlncts O

pl asma encallimaor 2 §igate I)vdrich dbanges therdiamsdtadf thertreadbanddight ta ellimgeal . The

bl o 50 then uses. thi.s_infor i . | rati on. st ored | he
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and t he eTlettollimater72 $ndhides a single or multiple lens or microscope objective. The collimator 72
further focuses reflected light back on the optical fiber 60.

When the broadband light beam illuminates the wafer 74, the wafer 74 reflects part of the
broadband light beam. The spectrograph 40 measures the spectrum of the reflected light and
20 generates an analog signal representing the spectrum of the reflectance. The analog-to-digital
converter 43 converts the analog signal to a digital signal and sends the digital signal to the
synchronizer and bus interface 45. '

The synchronizer and bus interface 45 are operable trigger the light source 35 to generate
the light beam and cause the spectrograph 40 to detect the spectrum of the reflected beam from
25 the wafer 74 at pre-determined time intervals. The synchronizer and bus interface 45 are also
operable to cause the spectrograph to detect the spectrum of the plasma emission reflected from
the wafer 74 when it is not being illuminated by the flash lamp 35.

The synchronizer and bus interface 45 coordinates three functions. First, it sends a
periodic trigger to the power supply 37, causing the flash lamp 35 to generate a broadband light
30 pulse to illuminate the wafer 74 synchronous with a data acquisition cycle of the spectrograph

40. Second, the synchronizer and bus interface 45 records the digital signal from the analog-to-
7
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rate. 15 According to a third aspect of t.he invention, the intensity of the
pul se generated by the flash lanp 35 is detected by the spectrograph 40 by
means of optical fiber 62. Information relating to variations in pulse
intensity ceo9ueBsdy, for exanple, aging of the flash | anp Bérmwsmreasored in
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nor nal i zqehfdr7h &y v tllekinged] t he infornmation stored in the first data file 47
to calculate the thickness of the filmon the wafer 74 and the etch or

deposition rate., The flash | a 5 of the preferred enbodinent is
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the invention. Advantageously, the xenon fl ash ;:g gr ovides a ener gy
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a systemthat is 30 substantially transmi ssive to ultraviolet radiation.
Optiocal vi ewi Agecondingltovwsseaondl aspédt pfithe inventidn the block 50 usesttiee infdnmationstered in

radi ati o r I |0t art _and.theit erti.es an arr angenent
- pl adiededipl e ORI shllrdcd el amidnd s arBL AR e iiieds S0

PCT/ USOO it fetdmetrit signalgTheblogk 50 thenvussstiidsl infafriation ind the infomsdtioh stofeddn theO N
have bee CrLi b i etail. herein. it.should b derstood that the
present f gﬁ?p&%ﬁ@m&%&g}c S5 Rfthy BPﬁl?eerwafgrp-égﬁ‘ﬁi tﬁe ftoh pEdeRPSifen, ¢
departingaté.romthe spirit or scope of the invention. Therefore, the present

exanpl es and enbodi nents are to be considered as illustrative and not
g the details given

thPei . but AGPTUEE R Beper e invertion do Brensiy ofihe R sraead vt
flash lamp 35 is detected by the spectrograph 40 by means of optical fiber 62. Information
relating to variations in pulse intensity caused by, for example, aging of the flash lamp 35, is
stored in a third data file (not shown). The block 50 uses the information stored in the third data
file to normalize the information of the first data file 47 for variations in pulse intensity. The
20 block 50 then uses this normalized information and the information stored in the first data file 47

to calculate the thickness of the film on the wafer 74 and the etch or deposition rate.

The flash lamp 35 of the preferred embodiment is preferably a xenon flash lamp having a
small arc size to more nearly approximate a point source for efficient coupling to the optical
system of the invention. Advantageously, the xenon flash lamp provides a high energy pulse of

25 short duration (on the order of one microsecond). Hence the integration time of the spectrograph
40 can be reduced and the effect of the plasma emission on the interferometric signal largely
eliminated. Additionally, the average energy delivered to the wafer 74 is low. Further, by using
a pulsed light source, the lifetime of the source can be extended.

The method and apparatus of the invention is preferably used with a system that is
30 substantially transmissive to ultraviolet radiation. Optical viewing windows and collimators
transmissive to ultraviolet radiation are well known in the art and their properties and

arrangement in a plasma chamber will not be further described.
B



9 WO 01/ 23830 PCT/ US00/ 26613 CLAIMS We claim 1. A process nonitor for
determ ni ng process paraneters during a plasma etch process of a wafer,
the process nonitor conprising: 5 a flash lanp emitting a broad-band
optical radiwobpzss3e spectrograph responsive to optical ragcasosneés’ | ect ed

[rom the Spect f or o e e T et s ont e oy s iod 8 et O
romthe spectro e firs na resenfative of emtte op i cal -
radi at i onigréﬂ’éég‘ﬁ'y)g"rw frod M&ep% InpepEoTmAY heembodicdin @y 9thernet er .

10 2. A psReHR oy Without dépafing fideth the silibérSedpe offthd WVerfiBHP ThebBfk, ﬁleﬁﬁégﬁt

formng nodul e operable to collimte the emtted optical radiatio

process ni¥AMRes and swbedimgnis gredp he ponsidgred as illustativeapd neotresteetivepandshe

radi @tion I

ecor di ng  SrAeaFAcH1S be RNERIS e Sl iiehBuhtin the uihy BE QoA Tl §f scope
synchr oni eftbe appended dldimeh | anp. 5. A process nonitor according to claim1
wherein a second signal representative of optical radiation. reflected
fromthe wafer during a period when the flash lanp is not emtting

br oad- band optical radiation is processed by the data processing el enent
and subtracted fromthe first signal to determ ne a process paraneter. 20
6. A process nonitor according to claiml wherein a third signa
representative of the intensity of the emtted radiation is processed by
the data processing element to normalize the first signal. 7. A process
nmoni tor according to claim6 wherein the normalized first signal is
processed by the data processing elenent to determ ne the process
parameter. 25 8. A process nonitor according to claim1 wherein the process
paraneter further



conprises a thickness of a layer carried by the wafer. This Sheet Has Been
Repl aced 10 12111122 0000 bEEer be il 111111 1111111 111111 WO 01/ 23830
PCT/ US00126613 9. A process nonitor according to claiml wherein the
process pawaymbsgiofurther conprises an etch rate of a | aper/useszésesd by t he
waf er. 10. A process nonitor according to claim31 wherein the process
paraneter further conprises a processCLUAIMSnt. 5 11. A process nonitor
for determ ning process paraneters during a plasma deposition process of a
waf er, t‘&e tocess nonitor conprising: a.flash lanp emtting a broad-band
opti cal ﬁﬁaéﬂ“i on; a spectrograph responsive to optical radiation reflected
fromthe wafer; and a data processing elenent for processing a first signal
fromthe spedtr og Aoprhcess huenitdrrfettdetelmim'ngmbess ppramstersidwringa pddsnermteht ed

optical radi at x‘% and determning a process
pararreté?r eﬁ ?5{?0@‘ g’gérmm Ig{r&é%g %g to claim1l further conprising a
beam f or m ng m)dule operable to collimate the emtted optical radiation.

13.5 A pr oces s fiash lamgr enzitting radiroag-tand opti¢ahratliztioher ei n t he col | i nated opti cal
radiation 15 is incident nornmally to the wafer. 14. A process nonitor

d | | di
Synonr ont zed BBt HPh AREENR o RSFRUANEARRCHEA ROhe Berll O, ) i m 11

wherein a second signal r'epresent ative of opti caI radi ation reflected from

the waf er duradatp progeesingelerins fortrinecessing m fitshsignal fromdthe eprictrograph, thofirst
o e B B B0 aPARRS e 36 e A Bl "

and subt’f
process parameter.

10 2. A process monitor according to claim 1 further comprising a beam forming
module operable to collimate the emitted optical radiation.

3. A process monitor according to claim 2 wherein the collimated optical radiation is

incident normally to the wafer.

4. A process monitor according to claim 1 wherein a spectrograph integration period
15 is synchronized to the flash lamp.

5. A process monitor according to claim 1 wherein a second signal representative of
optical radiation reflected from the wafer during a period when the flash lamp is not emitting
broad-band optical radiation is processed by the data'processing element and subtracted from the
first signal to determine a process parameter.

20 6. A process monitor according to claim 1 wherein a third signal representative of
the intensity of the emitted radiation is processed by the data processing element to normalize the
first signal.

7. A process monitor according to claim 6 wherein the normalized first signal is

processed by the data processing element to determine the process parameter.

25 8. A process monitor according to claim 1 wherein the process parameter further

comprises a thickness of a layer carried by the wafer.
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first signal to determ ne a process paraneter. 16. A process nonitor
according to claim1ll wherein a third signal representative of - the
intensity of the emtted radiation is processed by the data processing

el ement to nwowbtassee the  first signal. 25 17. A process nairhiborgaor di ng

to claim16 whorei ngphRedd@hdiiot #R6rdirg 18 lakh I WHerdiBthe PFREE&SHEHn it firdifer dat @
processing el enent to determ ne the process paraneter. 18" A process

noni t or aCeWPISCH AN eteh rateofm layer gireed byithejeafesr ocess paraneter furt her
conprises a thickness of a layer carried by the wafer. 11 This Sheet Has
Been Repl aced id.1115 blovessimhdditt accorkiinklsd clatth 1 whbelhd plokdds phrsmetdr'firthel | ~
Il 1~~ 1111111 WO 01/ 23830, PCT/ US00/ 26613 19. A process nitor according
to cl ai m compgses aprecesnendpoitess paraneter further conprises a deposition
rate of a layer carried by the wafer. 20. A process nonitor according to
clai g 11 wherejf thg pikas SichitBAoR BRESinth blodeds paafidRtd ditthe piisRfaSRposit
endpoint. 5 21. A mePhod of m)nio_tori ng _a_Eip)r ocgsl?s and for geterm ??ﬁ‘bs‘m
process parogessoba waln thapyocess poaikoreompreings of a wafer, the nethod
conprising providing a flash lanmp emtting a broad-band optical radiation;

providing a spgfishdghPamittiRSPR0sd-YamdloptieR rddeaion; adi ation reflected fromthe

wafer; and providing a data processing elenment for processing a first
signal fremthe spectrograph,

a spectrograph responsive to optical radiation reflected from the wafer; and
a data processing element for processing a first signal from the spectrograph, the first
10 signal representative of emitted optical radiation reflected from the wafer, and determining a

process parameter.

2. A process monitor according to claim 11 further comprising a beam forming
module operable to collimate the emitted optical radiation.

13. A process monitor according to claim 12 wherein the collimated optical radiation
15 is incident normally to the wafer.

14. A process monitor according to claim 11 wherein a spectrograph integration
period is synchronized to the flash lamp.

15. A process monitor according to claim 11 wherein a second signal representative
of optical radiation reflected from the wafer during a period when the flash lamp is not emitting
20 broad-band optical radiation is processed by the data processing element and subtracted from the

first signal to determine a process parameter.

16. A process monitor according to claim 11 wherein a third signal representative of
the intensity of the emitted radiation is processed by the data processing element to normalize the

first signal.

25 17. A process monifor according to claim 16 wherein the normalized first signal is

processed by the data processing element to determine the process parameter.

18. A process monitor according to claim 11 wherein the process parameter further

comprises a thickness of a layer carried by the wafer.
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10 the first signal representative of emtted optical radiation reflected
fromthe wafer, and determ ning a process paraneter. 22. A nethod of
nonitoring a process as recited in claim?2l1 further conprising providing a
beam f or m rwp owzdsdee operable to collimate the emtted optirmzEiusoaZéess i on.

23. A method ¢9. nDAiprevessgoriitop baoATg BTIAMC It velieréin tied (RbdBsPparh@técfufthérhe
collimated 15 optical radi on is.| éﬂe nt_normally to the wafer. 24. A
met hod 0F°m¥6ﬁ%1t§nﬁt88g§by§s°¢?é%?’ AfeE| ai m 21 further conprising
synchroni zing a spectrograph integration period to the flash lanp. 25. A
met hod of nongo.ori Amewmmﬁm a®ordiggiotobimi I1 wheréimtlitlprbeess pepdmerarthér ng
processi ng a.second si representative of optical radiation reflected
fromthe® P@esaﬁchﬁﬁeg °2’®t period when the flash lanp is not emitting

br oad- band optical radiation and subtracting the processed second signal to

detgrm ne a DBDCGSAMMWmtoﬁﬁg a Pro6ess Aed fop (deBRIning pro@sPpRarRees Suisy
recited in_claim?2l fu"ﬁi? SI ng . .,processing a third signal
r epr esen@i3stAa prcessipl 2 %’ﬂ@? CPMErEN t t ed radiation to normalize the

first signal. 25 27. A method of nonitoring a process as recited in claim

26 further copgkidugflashaGeenittig 4 iiead Banidtpticaldadistiont Signal to determ ne
the process paraneter. 28. A nethod of nonitoring a process as recited in

claim21 vvherel n. the r ocess sgar amet er f & t hi ckness of a
| ayer carri edPi9y treraph sespepsive 10,0ptic Eﬁfjsa"lg@é %Pé‘bl e wafer; and
11011111111121220011! 1 11111111111 111 11/1/ CLIIJ S 1 11 1111 11

providing a data processing element for processing a first signal from the spectrograph,

10 the first signal representative of emitted optical radiation reflected from the wafer, and

determining a process parameter.

22. A method of monitoring a process as recited in claim 21 further comprising
providing a beam forming module operable to collimate the emitted optical radiation.

23. A method of monitoring a process as recited in claim 22 wherein the collimated
15 optical radiation is incident normally to the wafer.

24. A method of monitoring a process as recited in claim 21 further comprising

synchronizing a spectrograph integration period to the flash lamp.

25. A method of monitoring a process as recited in claim 21 further comprising
processing a second signal representative of optical radiation reflected from the wafer during a
20 period when the flash lamp is not emitting broad-band optical radiation and subtracting the

processed second signal to determine a process parameter.

26. A method of monitoring a process as recited in claim 21 further comprising
processing a third signal representative of the intensity of the emitted radiation to normalize the
first signal.

25 27.  Amethod of monitoring a process as recited in claim 26 further comprising

processing the normalized first signal to determine the process parameter.

28. A method of monitoring a process as recited in claim 21 wherein the process

p@rameter further comprises a thickness of a layer carried by the wafer.
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111 111 WD 01/23830 PCT/ US00/ 26613 29. A method of nonitoring a process

as recited in claim21 wherein the process paraneter further ‘conprises an

etch rate of a layer carried by the wafer. 30. A nethod of nonitoring a
process as w@ei/imsh in claim 21 wherein the process paranmpcerustoeesizer

conprises a d9§’05'Ah%ddﬂifﬁmﬁftoﬁé@pfeées@ﬁdfebﬂd iylaini 21 Whekin thbpidéessA et hod

of nonitoring a process as recited Ln_claim mhere n the process
par amet e parrmetenfirthernopprisesan gtohrese 53 aé‘WcFﬁBTqﬁi V&l®kheet Has Been
Replaced 11l I 1 1itutrrlr I1lu 111111111,1 1 5 11111111,111 1111121 13

30. A method of monitoring a process as recited in claim 21 wherein the process

parameter further comprises a deposition rate of a layer carried by the wafer.

5 31. A method of monitoring a process as recited in claim 21 wherein the process

parameter further comprises a process endpoint.
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