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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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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 beamn displays an interference fringe pattern image on the detector array.
This pattern is processed to create 2 map of measured reflectance data that is compared to
reference reflectance data to generate a map of th thin film layer thickness over a full aperture of

the wafer.



25 measurenment in the ultraviolet region of the spectrum WMat eriqall s used in
integrated circuit fabrication are generally nore reflective in s Het B 2004
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plasma etch or deposition process that provides a non-extended light source for generating light

25 that is efficiently coupled into an optical system.

1t 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
3p - deposition process including a light source having a longer lifetime than the extended broadband

light sources of the prior art.




25 According to a third aspect of the invention, the spectrograph f@@@i@g@
a nul ti-channel spectrograph. A channel of the spectrograph is ufifi
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. - 9 F E O 2004 These and ot her advantages of the
present invention will becone apparent to those skilled in the art upon a
readi ng of the follow ng description of the invention and a study of the
several figures of the draw ngs. 9F E B 2004 BRI EF DESCRI PTI ON OF THE
DRAW NGS The present inventé@omth Ry 6 T2 stood by the foll ow ng
detail ed description in conjunction wt h the accorrpanyl ng drawi ngs) with

| i ke reference nunerals designating |like elenents. Figure 1 is a schematic
view of a prior art plasma reactor. Figure 2 is a bl ock diagramof the
nonitoring systemof the present invention. Figure 3 is an opti cal di agram
of the presenthd faemtih@iio EBard LELh
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to colli | 1 el am on a wafer ubstantially
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data acquisition cycle 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 According to a third aspect of the invention, the spectrograph comprises a multi-channe]
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.




When the broadband |ight beamillum nates the wafer 74, the wafer 974—158 20&4
reflects part of the broadband |ight beam The spectrograph 40 neasures the
spectrum of the reflected |light and 20 generates an anal og si gnal
representing the spectrumof the reflectance. The anal og-to-digital
converter 43 converts the analog signal to a digital signal and sends the
digital si gnalrhd@ald\@n&UACHIRR Ae pﬁE&QnQH@eﬂtx%%’iﬁ Bmé %paénﬁoﬁms%ﬂ@a zer
and bus interface 45 are operable trigger th t source to generate

t he |i ghtd Hearpgice r@@d)@@&ﬁ@f@p‘éwﬂe@m@w qfah@ mvemoeemd qsﬁ@iysaé@@taemmbf t he
reflecte%ggg gg@g% the wafer 74 at pre-determned time intervals. The
synchroni Zer us |nterface 45 are al so operable to cause the
spectrograph to detect the spectrum of the plasna em ssion reflected from
the wafer 74 when it is not being illumnated by the flash |anp 35. The
synchroni zer and bus interface 45 coordinates three function First, it
sends a periodic trigger to the power supply 37, causing the flash |anmp 35
to generate a broadband light 30 pulse to illum nate the wafer 74
synchronous with a data acquisition cycle of the spectrograph 40. Second,

t he synchroni zer and bus interface 45 records the digital signal fromthe
anal og-to 9 FEB 2004 digital converter 43 in the first data file 47.
Third, the synchronizer and bus interface 45 records a second digital

signal fromthe anal og-to-digital converter 43 in the second data file 49
when the wafer 74 is not illumnated. The information stored in the first
and second data files 47 and 49 is used in a data processing and al gorithm
devel opnment bl ock 50. According to a first aspect of the invention the

bl ock 50 uses the information stored in the first data file 47 to calculate
the thickness of the filmon the wafer 74 and the etch or deposition rate.
Computer analysis of the detected spectral reflection function especially
its mnim and maxi ma, provides the thickness of the filmas well as the
etch or deposition rate. Fromthis data a process endpoint is also easily
cal cul ated. 10 According to a second aspect of the invention the block 50
uses the information stored in the second data file 49 to subtract the

pl asma em ssion signal 8omthe illumnated interferonetric signal. The ‘
bl ock 50 then uses this information and the information stored in the first
data file 47 to calculate the thickness of the filmon the wafer 74 and the
etch or deposition rate. 15 According to a third aspect of the invention,
the intensity of the pul se generated by the flash lanp 35 is detected by

t he spectrograph 40 by means of optical fiber 62. Information relating to
variations in pulse intensity caused by, for exanple, aging of the flash

|l anp 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 bl ock 50
then uses this normalized information and the information 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 lanp 35 of the preferred

enbodi ment is preferably a xenon flash lanp having a snmall arc size to nore
nearly approximate a point source for efficient coupling to the opti cal
system of the invention. Advantageously, the xenon flash |anp provides a

hi gh energy pul se of 25 short duration (on the order of one m crosecond).
Hence the integration tine of the spectrograph 40 can be reduced and the
effect of the plasma emission on the interferonetric signal largely
"elimnated. Additionally, the average energy delivered to the wafer 74 is

| ow. Further, by using



a pul sed light source, the lifetinme of the source can be extended.d T 2004
met hod and apparatus of the invention is preferably used with a system t hat
is 30 substantially transm ssive to ultraviolet radiation. Optical view ng
wi ndows and collimators transm ssive to ultraviolet radiation are well
known in the art and their properties and arrangenent in a plasma chanber
w Il not be further described. 9 FEB 2004 Although only a few enbodi nents
of the present inventi qufmngb@mpqtﬁgg@ﬁ@ﬁEMWm(j;s herein, it should be
understood that the present invention nmay be enbodied in many ot her
specific forns without departing fromthe spirit or scope of the invention.
Therefore, the present exanpl es and enbodi nents are to be consi dered as
illustrative and not restrictive, and the invention is not to be |limted to
the details griitesehten@htion Wilithe¥Baailh And@ébdd hMollBhg IdeRils€ aRerigontihe
appended cl.ai rs. 9 F EB 2004 CLAIMS W claim 1. E\ process nonitor for
det er m nicwgufml%mthﬁaffcawwrg daVingg vathiiks seferenseaymsradidesignafingdikgaf er | t he
progcess PERREiOr conprising: a flash lanp emitting a broad-band opti cal

radi ation; a spectrograph responsive to optical radiation reflected from
the wafer; and a data processing elenent for processing a first signal from
t he spectrogr%ﬁ‘l‘[ﬁlﬂsr?escg‘?’i‘aélf‘“ﬁ aﬂpqoéﬁﬁéhaé‘m‘&a?t% of enitted optical

radi ation reflected fromthe wafer, and determ ning a process paraneter. 10
2. A process muwaam@momeﬁ&@nmﬂg dysterh B the pRRBMtiSIeRGord beam forning
nodul e operabl e to collimate the emtted optical radiation. 3. A process
noni t or acco:ﬁcj to clgéﬁn\gz wheref]n the coll.imted optical radiation is

i nci dent nor 3 i ORRCA) Aipgram of 1 eAPIBSFBIC‘E‘é?“%m tor according to claim1
wherein a spectrogr aph integration period




15 is synchronized to the flash lanp. 5. A process nonitor accord_iggFE.g 2004
claiml wherein a second signal representative of optical radiatio e
reflected fromthe wafer during a period when the flash lanp is not
emtting broad-band optical radiation is processed by the data processing
el ement and. subtracted fromthe first signal to determ ne a process
paraneter. 20 6. A process nonitor according to claim1l1l wherein a third

ot ocessed byt notd ARk CRITRRT DR PERERI SRoSART R T ona . A
process nonitor according to claim6 wherein the nornmalized 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

araneter furtgd ' | 1 [ waf er. 10
e e e s T e T
process peaairegthilluminationr ThosypeinsSésompries ehilluatmtiof medhla 38 comprisisged by t he

wafer. 10 rogess.monitor accordin cl aim erein.the pr.ocess

par a terﬂafsg\% er SBORBTYEsiPRY Hﬁg%g%eﬁ‘lgl% Fytem %qyg%coﬂ?%—%%%m%ﬁ%ﬁﬂelf or

det er m ni spectipprapledd ap andopioelgitallconvater &3 i sydioriep asl buisditeffice@dsssfied  a

waf er, the process Lto onprjsing: a flash I emtting, a oad- band

opti cal raélais%ff)?fgaﬁta glgsqz&‘g ?%@%%tarpégcﬁ% "’\9@3@8“@%’(]3‘?6 QIPP’F’%H’%\‘FF% flected

; romt Ee Mﬂfzﬂﬁber@ﬂd;pﬁcaﬁi@?\:&njf@&@ﬂﬁ&ﬁﬁﬂ@n@b@ lmmhe Eﬁcn@grﬁkﬂﬂﬁﬁﬂorh?}eﬁnfférﬁﬁﬁf si gnal
romthe spectyrograph, the first 1Q signal representative of emtte

optical & “&tiodgfpf’ eutside gt # Plasma s syiem disersht M sHlfulithocess

par adret erthicliss of afilRGaSSwaRR Podifbnca GEMALThO Sladnth hhAbeh dslackséitRgEI0wONMPr i sing a

beam form ng nodul e operable to collinmate the emtted optical radiation.

13. A process gl {or according, Loyl alm L2naherel ft e oLl LBLEd, opt i cal
The optical fiber 60 carries the broadband light from the flash lamp 35 to the beam forming
module 70 disposed outside the plasma chamber. The beam forming module 70 includes a
collimator 72 (Figure 3) which changes the diameter of the broadband light to collimate a
15 substantially paralle]l beam on a wafer 74 substantially normal to the surface of the wafer 74.
The collimator 72 includes 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 bearn. 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 aiso
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 :lluminate 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




15 is incident normally to the wafer. 14. A process monitor accord rigk § 02004
claim 1l wherein a spectrograph integration period is synchronized to the’
flash | anp. 15. A process nonitor according to claim 1l wherein a second
signal representative of optical radiation reflected fromthe wafer during
a period when the flash lanp is not emtting 20 broad-band opti cal

[ gdi atiop.f.$ c&%gﬁﬁ?% %hpﬁrsk B&. RS %%ﬁﬁééﬁ@m%méﬁ% pBNHiestt £5q6d.56L from
e firs S| gha (0] etermne a process paramater. . A process noni t or
accor di ngsetandcligitiahsigithl fnbre tled analag-tdriligitalsiogvealer 4 2jpribsenorat dateefilofi9 when the

I ntensit f, the 1tted, radiation is processed by the data processing
el enent %ggrﬂér‘%qt?@gmflﬁ%d‘fi rst signal. 25 17. A process nonitor according

to claim 16 wherein the normalized first signal is processed by the data
processi ng elTaebifémadomgtred m thefutshandrecmdsistagtesATend 19 1d us8d inA& dataocess

nonitor accordin o.claim11l wherejn.the pr.ocess.paramnet further
Conbr | s oS iR PR AAEGT T Sy oY SRk PP oasoith e S p o ot e e | o
]f\ pr ﬁC e%odmoiuﬁﬁrmaﬁéwmﬁdﬁgtdrm i It ﬁﬂs?datw\ﬂlﬂe “e itmcaﬂdilﬁtepﬂcl'ile gﬁa@essaf&i&éﬂmr '
urther copprises a deposition rate of a |ayer carrj the wafer. 20. A
process qmrr‘%)‘f’%ffzr 7§c"d‘8rﬂéﬁp ¥ GERBEPRTAte-1 CHRRH iai‘?alé’ﬁﬁoé)tﬁf)gﬁ%‘ge‘i;‘ﬁﬁt er
further CcANRbL BBSIR, BHASAEStsORFRAY MU maina, Providch 0@ 1EEXIEN iKY filithsavefll OCESS
and for determ ning process paraneters duri ng a plasma process of a wafer;
t he met Msdhecstier deRasiopFabs i FIpm dhig date g processspdraimtit Asraspsasitteiand opti cal
radi ati on; providing a spectrograph responsive to optical radiation

refiyected froprdheg s @EondaddsbcPsfaNé Biveion tiBiackrvasasst ifforalaBomabred BY
processing a first_si gnal fromthe spectrograph, 10 {he fi rcft si gnal
r epr eserttaterd data FeY toetbEst the alaspa gmiseiop AepeiToBPeHEHTt he waf er, and

interferometric signal. The block 50 then uses this 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.

15 According to a third aspect of the invention, the intensity of the pulse generated by the
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 effeci 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 descnibed.
8




determ ning a process paraneter. 22. A nethod of nonitoring a prmge$$gaﬁﬂﬂ4
recited in claim21 further conprising providing a beam form ng nodule
operable to collimte the emtted optical radiation. 23. A nethod of
nonitoring a process as recited in claim22 wherein the collimted 15
optical radiation is incident normally to the wafer. 24. A nethod of
nonitoring a cess @s secited in claim?21 further, conpri.sing ,. i
synchr oni zi ng%atg%uﬁgg S'ggf%gﬁﬁ’tn?% SBF gk &Sﬁreﬁgflimgamfo& Rapeb ggﬁ?”ﬁ%ﬂ.detfﬁ. A
met hod ofherdnittshouldig mdpsood gat s preedit iredntion nedydierambaditdiinthaiy o8giPri si ng
processin second signal representative of ti.cal .radjation reflected
From t he MEEPISH O T GUEIeper g PG De R o eoPF LR MVARHP™; o bAGIoTe M RrFSeE

br oad- bangarffiéd Hakmbadimaits &8 tabelcvidtredsd lagratiPeadd RERSSBGVS BeMBd signal to
determ ne a praocess rameter. 26. A method of nonitoring a process as
recited iTYeR¥RIFPY 1o ?%"i’ﬁ%irtoé‘%ﬁﬁfﬁﬂé BHG™ Hrebdh S4t Ay b mefdified withyp the scope

r epr esentogiteUfpeBlicdcdi@mb.nt ensity of the emtted radiation to nornmalize the
first signal. 25 27. A nmethod of nonitoring a process as recited in claim
26 further conprising processing the normalized first signal to determ ne
the process paraneter. 28. A nethod of nonitoring a process as recited in
claim 21 wherein the process paraneter further conprises a thickness of a

| ayer carried by the wafer. t2 - 9 F EB 2004 29. A nethod of nonitoring
a process as recited in claim?21 wherein the process paraneter further
conprises an etch rate of a layer carried by the wafer. 30. A nmethod of
nmonitoring a process as recited in claim2l1 wherein the process paraneter .
further conprises a deposition rate of a |ayer carried by the wafer. 31. A
met hod of nonitoring a process as recited in claim21 wherein the process




paranmeter further conprises a process endpoint. 13 . A -9 FEB 2004
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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 normaily 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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process of a wafer, the process monitor comprising:
a flash lamp emitting a broad-band optical radiation;
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.

12. A process monitor according to claim 11 further comprising a beam forming

module operable to collimate the emiited 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 menitor 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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providing a spectrograph responsive to optical radiation reflected from the wafer; and

o 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 farther 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 compnsing

processing a third signal representative of the intensity of the emitted radiation to normalize the

first signal.

25 27. A method 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

parameter further comprises a thickness of a layer carried by the wafer.
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