1 67,200-1000 2002-0703 METHOD TO MEASURE OXI DE THI CKNESS BY FTIR TO

| MPROVE AN | N-LI NE CMP ENDPO NT DETERM NATI ON FI ELD OF THE | NVENTI ON Thi s
invention generally relates to netrology nmethods for neasuring film

t hi cknesses and nore particularly to a,nethod for neasuring a silicon
oxide film thickness in a seniconductol wafer m croel ectronic

manuf acturing process, for exanple for use as an in-line netrol ogy tool
for endpobpb-gesgrm nation in a chem cal nechanical polishing CWP process.
BACKCROIND- oI HE | NVENTI ON Pl anari zation is increasingly inportant in

sem conductor manufacturing techniques. As device sizes decrease, the

i nportance

of achi eving high resolution features through photolithographic

processes correspondi ngly increases thereby placing nore severe

constraints on theygegsser® v iotﬁDF%ﬁ&?ﬁQEé’é gqueﬂ onductor wafer

processi ng

sur rity wil

surface. Excessive degrees o0 ace non-pla

undesi rabl y af frectbhevaUAli t-ghv NOEIINGO B ERRTNA RGN 2ct url ng

process including, for exanple,

phot ol'i tthographi ¢

FIELD OF THE INVENTION

This invention generally relates to metrology methods for

measuring film thicknesses and more particularly to a method for
measuring a silicon oxide film thickness in a semiconductor wafer
microelectronic manufacturing process, for example for use as an
in-line metrology tool for endpoint determination in a chemical

mechanical polishing CMP prdcess.

BACKGROUND bF THE INVENTION

Planarization is increasingly important in semiconductor
manufacturing techniques. As device sizes decrease, the importaﬁce
of achieving high resolution features through photolithographic
processes correspondingly increases thereby placing more severe
constraints on the degree of planarity required of a semiconductor
waferprocessingsurface. Excessivedegreesofsurfacenon—planarity
will undesirably affect the quality of several semiconductor
manufacturing process including, for example, photolithographic

patterning processes, where the positioning the image plane of the




patterning processes, where the positioning the inmage plane of the 2

67, 200- 1000 2002-0703 process surface within an increasingly limted depth
of focus window is required to achieve high resolution sem conductor
feature patterns. A nethod of choice fgr planarizing a sem conduct or
process wafer following a particular M croelectronic circuit fabrication
sem conduct or waf er manufacturing process such as deposition of a nateri al
| ayer &$,sbemedd nechani cal polishing (CWP), which can achieve sufficient
degreesood-bogh | ocal and gl obal planarization in nodern manufacturing
processes necessary for successfully carrying out subsequent feature

form ng processes, for exanple photolithographic processes which require a
hi gh degree of planarization to naintain feature design critical

di menspedsesd Rir tRkbang! ¢ k¥ ah %r@é@ﬁf‘gsl } §1ln§5%§'§e%?%‘ nglé/oc%rsshtgiﬁg(gém i ne

especially for devices having narrow ser con eatures

wi dt hsis bebawrabediadhi2Sdh 0P8 1 i hap Q. 1. mcron.
CWP pl anarization is typically ugegggé@é%gﬁl%#%g%séﬁffé?%%gePﬁt%ﬁﬁns'
manuf acture of a multi-Ilevel sem conductor device, including planarizing

| evel s of a device containing overlying |ayers of silicon
A method of choice for planarizing a semiconductor process wafer

following a particular microelectronic circuit fabrication
semiconductor wafer manufacturing process such as deposition of a
material layer is chemical mechanical polishing (CMP), which can
achieve sufficient degrees of both local and global planarization
in modern manufacturing processes necessary for successfully carrying
out subsequent f éature forming processes, for example
photolithographic processes which require a high degree of
planarization to maintain feature design critical dimensions. The
'.planarity of CMP processes is incréasingly critical especially for
devices having narrow semiconductor features such as line widths
below about 0.25 microns and in the future less than 0.1 micron.
CMP planarization is typically used several different times in the
manufacture of a multi-level semiconductor dévice, including
planarizing levels of a device containing overlying layers of silicon
oxide to achieve 1local and global plénarization for subsequent

processing of overlying levels.



oxi de to achieve |ocal and gl obal planarization for subsequent processing
of overlying levels. 3 67,200-1000 2002-0703 During a typical CMP process,
the process wafer is nounted on a CMP platen with the process surface face
down in contact with a polishing pad gnto whi ch polishing slurry is
periodically deposited. A down force i§ applied to the wafer and the wafer
process surface is placed in notion with while contacting the polishing
pad surdaceo-Wajogh is also typically placed in notion. The CMP process

t ypi caldgbo Jequi res polishing slurry that is selective with respect to an
underlying material |ayer to prevent over polishing to include polishing
the underlying |ayer which may detrinentally affect the planarity of the
CWVP process resulting in erosion and/or dishing. Further, over polishing

may result iph,Se agc@yﬁgb 5§HQE§8 ggatyﬁfg% “Qﬁﬁ? o¥ Sﬁgl*@@%n of t he

underlying |layer is fornme
pr ocesces Tybr e Ty enn b RGeS etV?%%. ongﬁs?%ﬁéer@"' ' SE%#%?% a
poi nt o 1Whhg Aot hies BRQ%rdrerié}gpl)@¥§ﬁlng slurry is periodically deposited.
- A down force is applied to the wafer and the wafer process surface
is placed in motion with while contacting fhe polishing pad surface
which is also typically placed in motion. The CMP process typically
requires polishing slurry that.is selective with respect to an
underlying material layer to prevent over polishing to include
polishing the underlying layer which may detrimentally affect the
planarity of the CMP process resulting in erosion and/or dishing.
Further, over polishing may result in scratching of surface features

where over polishing of the underlying layer is formed of a harder

material.

Sinceslurriesarefrequentlyinsufficientlyselectivetoprevent
such over polishing, CMP processes typically employ an endpoint
detection system to determine a point at which the underlying layer
is exposed. Endpoint detection systems have been proposed that are
both in-situ and in-line. For example, optical systems relying on
reflected visible or UV light have been employed in-situ during the

polishing process where light is directed at a predetermine angle




i s exposed. Endpoint detection systens have been proposed that are both
in-situ and in-line. For exanple, optical systems relying on reflected
visible or W |light have been enployed in-situ during the polishing process
where light is directed at a predeterm,ne angle 4 67,200-1000 2002-0703 at
t he wafer process surface and reflect eft light is detected and analyzed to
det erm ne whet her an underlying | ayer has been exposed. Qther in-situ

syst eng7hayg_rghped on detection of chemicals in the polishing effluent or
the change-ppoROlishing friction reflected in the anount of electrical
current drawn by notors used to nove either the polishing platen or the
polishing pad surface. In-situ optical detection systens frequently suffer
from adequate focusing or inadequate signal intensity to nmake accurate

dpoi i i J nd are fre ntl nwor kabl e where no
ool ohic, e RRR pOELELl ARLEADS A Sl T bt aehed. ShA. 1 | e
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br eakt hr ough has occ or examp
polishing effluent or the change in polishing friction reflected

in the amount of electrical current drawn by motors used to move
either the polishing platen or the polishing pad surface. In-situ
optical detection systems frequently suffer from adequate focusing
or inadequate signal intensity to make accurate endpoint detection
determinations and are frequently tunworkable where no polishing
breakthrough from one material layer to another occurs. In-line
systems have been developed to overcome theses shortcomings where
- the process wafer is moved to a nearby wafer thickness measuring
station where the wafer process surface is probed to determine whether
polishing breakthrough has occurred. For example, such measurements

have typically relied on UV or visible light reflectivity or optical

interferometry methods.

A shortcoming of endpoint detection systems of the prior art
is that the detecting methodology typically relies on the occurrence
of a polishing breakthrough with respect to the targeted polishing
layer to expose a materially different underlying layer. Frequently,

especially in the case of oxide polishing where only a portion of



have typically relied on U/ or visible light reflectivity or optical
interferonmetry nmethods.. A shortcom ng of endpoint detection systens of the
prior art is that the detecting nethodology typically relies on the
occurrence of a polishing breakthrough with respect to the targeted
polishing |ayer to expose a nateriall? di fferent underlying |ayer.
Frequently, especially in the case of oxide polishing where only a portion
of 5 6%-20Q,1988, 2002-0703 the oxide is polished, no polishing
breakt@kgggg7g§curs, frustrating many of the techniques of the prior art.
Further, 1 n cases where a polishing breakthrough occurs thus indicating

t he exposure of an underlying layer, prior art techniques do not
adequately indicate the amount of remaining oxide or allow | ocal probing

over |y hs o ae 1SRy BhAS, IR Bt ek R ORH Pehir 8 dyoiane Sahdc | on
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fgg;;‘/g%t b@llli¥h§111é ﬁeé%r@ﬂg%eogégpstt Cad aifrgiefcar’)c()llrllgs thgeJcS Sure P(])afs ageen
underlying layer, prior art techniques do not adequately indicate
the amount of remaining oxide or allow local probing of the process
surface to determine whether substantially the entire overlying oxide‘
layer is removed. As a result, in-line endpoint detection systems
of the prior art do not allow updated projections to be made with

respect to a projected remaining polishing time or a determination

that substantially all of the oxide from the target polishing 1aYer

has been removed.

Therefore, there is a need in the semiconductor wafer
"microelectronic integrated circuit processing art for an improved
method for measuring the thickness of an oxide layer for example,
including determining the remainihg thickness of an oxide layer in
a CMP process to improve endpoint detection and to ensure substantially

complete removal of the oxide layer.

It is therefore an object of the invention to provide an improved
method for measuring the thickness of an oxide layer for example,

including determining the remaining thickness of an oxide layer in



Therefore, there is a need in the sem conductor wafer mcroelectronic
integrated circuit processing art for an inproved nethod for neasuring the
t hi ckness of an oxide layer for exanple, including determ ning the

remai ni ng thickness of an oxide layer in a CWVP process to inprove endpoint
detection and to ensure substantially 6conpl ete renpval of the oxide |ayer.
It is therefore an object of the invention to provide an inproved nethod
for measur, oragl%? t hi ckness of an oxide |layer for exanple, including

det ermg)lrﬁ é@g emai ni ng thi ckness of an oxide layer in 6 67,200-1000
2002 0 3o process to inprove endpoint detection and to ensure
substantially conplete renoval of the oxide |layer while overcom ng other
shortcom ngs and deficiencies in the prior art. SUMVARY OF THE | NVENTI ON
To achiy b?ﬁ égsr ggm ng and o her (gé ects, and_in accordance wth the
pur poses e present |F‘f\?ee‘?ﬂ tSoRmeand e BEvEQ SHoFesEAPB Y
herein nventi on, vides a_nethod for determning a materi al
| ayer tﬁ?“@gﬁgég% ranl'sL é}?e/%x%cge gﬁ?’?ﬁt’”@d quft)ercé’ﬂ‘épgftﬁlﬁr@@rﬁc@ﬁlﬁégét or
waf er %‘&“h@%&t‘ié glgsr Ofnest%e prior art.

- SUMMARY OF THE INVENTION
To achieve the foregoing and other objects, and in accordance
with the purposes of the present invention, as embodied and broadly
described herein, the present invention provides a method for
determining a material layer thickness transmissive to infrared (IR)

energy in a semiconductor wafer manufacturing process.

Inafirst embodiment, themethod includes Amethod for determining
a material layer thickness transmissive to infrared (IR) energy in
a semiconductor wafer manufacturing process including providing at
least one semiconductor wafer comprising an IR transmissive layer;
passing IR energy thrdugh the IR transmissive layer to produce at
least one Fourier transform infrared (FTIR) spectrum; and, determining
an amount of the IR transmissive layer present according -to an amount
of IR energy absorbed by a predetermined contributing characteristic

vibrational mode portion of the FTIR spectrum.



Ina first enbodi nent, the nethod includes A nethod for determning a

mat erial | ayer thickness transmssive to infrared (IR) energy in a

sem conduct or waf er manufacturing process including providing at |east one
sem conductor wafer conprising an IR transm ssive |ayer; passing IR energy
through the IR transmissive |ayer to pfoduce at |east one Fourier
transforminfrared (FTIR) spectrum and, determning an anmount of the IR
transmgssiwe L ygr present according to an anmount of IR energy absorbed by
a pred ’2qbqgg contributing characteristic vibrational node portion of
the FTI'R spectrum 7 67,200-1000 2002-0703 These and ot her enbodi nents,
aspects and features of the invention wll be better understood froma
detail ed description of the preferred enbodinents of the invention which

are further rihed.below in caonjunction with the acconpanying Figures.

8 67, 200- 10 gggggbgog-}&r %ﬁ?%@”fﬁéé&l PRI EE2 Brss REShRilgveasion i s a

gr aphi gah 1n&PLESEDS ?ﬁl‘d%rzlts%]:)og tsxl'olnll g%t%§|1g8 description of the preferred
embodiments of the invention which are further described below in

conjunction with the accompanying Figures.



FTI R spectrum i ncl udi ng deconvol uted peaks representing vibrational node
bandwi dt hs contributing to the FTIR spectrum according to an enbodi nent of
the invention. Figure 2 is a graphical representation of a series of FTIR
spectra taken successively follow ng periods of CVMP to renove a portion of
a silicon oxide |ayer according to an &mbodi nent of the invention. Figure 3
is a graphical representation of data showing a «calibration relationship
between_ _a silicon oxide |ayer thickness and an absorbance peak area ratio
of an &% P08 - O vi brational node according to an enbodi ment of the
presen@q rérftion. Fi gures 4A-4C are cross sectional side view of an
exenplary CMP process according to an enbodi nent of the invention. Figure
5 is a process flow diagramincluding several enbodinents of the present

i nvention. 9 67,200-1000 2002-0703 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Al t hough h of the present invention is explained in
exenpl ary inplenentati%E?Fg$£%§6§¥?F¥9N; | CORIHBPBENGEf er OMP process to

nonitor a thi.ckness._qr .presence,of an oxide | ayer undergoing a
@1%ﬁres 13" 1B G graphlca? representg%ion of g sif&con oxide

FTIR spectrum including deconvoluted peaks representing vibrational
mode bandwidths contributing to the FTIR spectrum according to an

embodiment of the invention.

Figure 2 is a graphical representation of a series of FTIR spectra
taken successively following periods of CMP to remove a portion of

a silicon oxide layer according to an embodiment of the invention.

Figure 3 is a graphical representation of data showing a
~calibration relationship between a silicon oxide layer thickness
and an absorbance peak area ratio of an exemplary Si-O vibrational

mode according to an embodiment of the present invention.

Figures 4A-4C are cross sectional side view of an exemplary

CMP process according to an embodiment of the invention.

© Figure 5 is a process flow diagram including several embodiments

of the present invention.
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i nvent

remai ni ng thickness or presence of an oxide layer in any
manuf acturing process. In a first enbodi nent of the present invention a
waf er process surface h9ving an exposed surface portion is
is directed at the

sem conduct or
provided. An infrared (IR) source of energy (probe)

ocess, it will be appreciated that the nethod of the present

ion may be advantageously used to quickly and easily neasure the
[ sem conduct or
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bandwi

ristic,of the targeted terial is then integrated
gk@ﬁ\pﬁgg{/%ﬁ{p em%ntatlon g]or use %n a seglalconductor wafer CMP pgrocess

to monitor a thickness or presence of an oxide layer undergoing a

CMP process, it will be appreciated that the method of the present
invention may be advantageously used to quickly and easily measure
the remaining thickness or presence of an oxide layer in any

semiconductor manufacturing process.

In a first embodiment of the present invention a semiconductor

wafer process surface having an exposed surface portion is provided.

An infrared (IR) source of energy (probe) is directed at the process
surface and at least one Fourier Transform Infrared (FT-IR) spectra
including a detected signal intensity is collected from at targeted
measurement area of the process surface including a predetermined
bandwidth of frequencies characteristic of at least one vibrational
frequency mode characteristic of material present in the pathway
of the IR probe. The at least one FTIR spectra is then deconvoluted
to obtain individually contributing frequency bandwidths preferably
including individual vibrational frequency modes characteristic of

material present in the IR probe pathway. The intensity of the FTIR



over the bandw dth to obtain a vibrational node peak area and conpared to
a previously determned targeted material vibrational peak area to
determ ne an anount of the targeted naterial renpved and anpbunt renaining
on the surface. Referring to Figure 1, in an exenplary enbodi nent, the
targeted material is preferably silicbh oxide, for exanple silicon dioxide
(SiA2) . Shown in Figure 1 is shown an exenplary FTIR spectrum which has
been call ect ed gver an exenpl ary bandw dth of frequencies, shown on the
hori zo gﬁgogiﬂgpoof about 600 to about 1600 reciprocal centineters (cm 1)
al so k “§¢%avenunbers. It will be appreci ated that spectra my be
formed by the collection of a plurality of FTIR spectra which are then
processed, for exanple averaged, to produce an FTIR spectrum It will also
be appreciated _that FTIR spectra may be collected by detecting a reflected
or trafdfiPledfsPhnifast 91 ety finciviHaalinr geredibut vrg direquencexanpl e
. a siligpn oxigg kgyer hereinafter referred to as oxide) . For exanple,

ref | eSPEGVIHERE HlararteEisblrad: biae thrortad wtictd alaie thendmtrgrgtad
surface reflechivg t& the frequency bandw dth desired to be collected in
whi ch C¥§E YigRardut ¢ (et PR i1 267 aGe-ireed mod®peskGaea and compared

to a previously determined targeted material vibrational peak area

to determine an amount of the targeted material removed and amount

remaining on the surface.

Referring to Figure 1, in an exemplary embodiment, the targeted
material is preferably silicon oxide, for example silicon dioxide -
(810;) . Shown in Figure 1 is shown aﬁ exemplary FTIR spectrum which
has been collected over an exemplary bandwidth of frequencies, shown
onthehorizontalaxis,ofabout600toabout1600repiprocalcentimeters
(cm™?) also known as wavenumbers’. It will be appreciated that spectra.
may be formed by the collection of a plurality of FTIR spectra which
are then processed, for example averaged, to produce an FTIR spectrum.
It will also be appreciated that FTIR spectra may be collected by
detecting a reflected or transmitted signal of IR energy from the
targeted material, for example a silicon oxide layer (hereinafter
referredtoasoxide). For example, reflected spectramay be collected
from an oxide layer overlying a surface reflective to the frequency

bandwidth desired to be collected in which case signal attenuation



or absorbance is proportional to a signal path |length greater than the

t hi ckness of the oxide layer. Since a silicon wafer is transm ssive to an
IR signal, for exanple over the wavel engths 600 to 1600 cm 1, it is
preferable to collect a transm ssion spectra, for exanple directing the

i nci dent IR signal about perpendicularito the oxide |ayer thickness. For
exanple, in a pref erred enbodi nent of the present invention an oxide

| ayer thjckness is determ ned where the oxide |ayer overlies a silicon
nitrid % %F198Pned over a silicon semconductor wafer. It will be
apprecigt d%Rat FTIR neasurenents nodul ate the IR ener gy source during

collection of the detected IR signal intensity and process the signal by
known met hods to produce a swept frequency FTIR spectrum It will also be
appreci ated that absorbance or transmittance spectra nmay be determ ned
fromt & Faﬁgﬁ{l%%i’o%@&é’&rrtépnsﬂi Ep 2 efigndlngatd Eepatk dreatteowthen t he
vertic%b %§¥s is the absorbance of FTIR spectrumA, determ ned fromthe
col | ect8§ Eiigikess oft e Pryde favesxanpince a pahiadr weder isdugmsiesoxede

| ayer %hiCkniﬁs" Lines B, C, and D represent deconvoluted portions of the
absor bafc8RFTT B AP r ERFJEX8HREE RRF tthepMarateny pis vd udlo fLeequemdy

bandqu hs. &§%§¥§) for exanpl e corresponding to an individual atomc
frequency *Vi SIGRAP Hod&E WAk Perizamsmisonion ispestdroxifde. eBpmphe term

directing the incident IR signal about perpendicular to the oxide
layer thickness. Forexample, in a preferred embodiment of the present
invention an oxide layer thickness is determined where the oxide
layer overlies a silicon nitride layer formed over a silicon
semiconductor wafer. It will be appreciated that FTIR measurements
modulate the IR energy source during collection of the detected IR
signal intensity and process the 'signal by known methods to produce
a swept frequency FTIR spectrum. It will‘also be appreciated that

absorbance or transmittance spectra may be determined from the

transmission spectra.

Still referring to Figure 1, shown on the vertical axis is the
absorbance of FTIR spectrum A, determined from the collected signal
intensity, for example, transmitted through the oxide layer thickness.

Lines B, C, and D represent deconvoluted portions of the absorbance
- FTIR spectrumdeconvoluted to produde individual frequéncy bandwidths
(peaks), for example corresponding to an individual atomic frequency

vibrational mode characteristic of silicon dioxide. By the term




12 67, 200- 1000 2002-0703 'deconvoluted' is neant a process by which an
FTIR spectrumis separated into individual contributing characteristic

vi brational frequency bandw dths which additively formthe FTIR spectrum
By the term 'spectrumi is nmeant a plurality of values proportional to a
measured signal intensity sanpled ovet2a bandw dth of frequencies. By the
term'FTIR spectra' is neant spectra produced by collection of at |east.

one FTIg ﬁ c gg]by an FTIR spectroneter. Still referring to Figure 1, for
exanplgoég_g 'é vi dual frequency bandw dths correspond to characteristic
atom c“Vi {Pdnal node peaks that are shown at B, C, and D. For exanple

peak B represents an Si-O vibrational bending node centered at about 1175
cml, while peak C represents an Si-O vibrational stretching node centered

at aboyt,  1078.c .Peak D on the other hand represents a characteristic
vi brat i éﬁ%f’n}’?%’dg%%’cﬂﬁ BEAGNAR FP et BY 88 16k aéb%T‘fR SBeotewn is gerardtefier ent
nateri?ht fogdeéqggle an ug&grL&%ng | ayer of silicon nitride. As wll be
under st663 BYCAY BFALL i I9HHEPUSE NGy BhARRGEEKIFEIC (WA tdionals EvemabnRyiown
nmet hod . onvol uting spectra into individual contributing peak (e.g.,
absor b?’ﬁé?w%%%%n Wtéjh a%‘gd’réyvq;é’ dQm phe FTIR spectrum. By the term
‘spectrum’ is meant a plurality of values proportional to a measured
signal intensity sampled over a bandwidth of frequencies. By the

term ‘FTIR spectra’ is meant spectra produced by collection of at

least one FTIR spectrum by an FTIR spectrometer.

StillreferringtoFigure1l, forexample, the individual frequency
bandwidthscorrespondtocharacteristicatomicvibrationalmodepeaks
that are shown at B, C, and D. For example peak B represents an
Si-O vibrational bending mode centered at about 1175 cm™, while peak
C represents an Si-O vibrational stretching mode centered at about
1078 cm™. Peak D on the other hand represents a Characteristic
vibrationalfrequencybandwidthcenteredonabout830cmflofadifferent
material, for example an underlying layer of silicon nitride. As
will be understood by a practitioner of ordinary skill, there are
several known methods for deconvoluting speétra into individual
contributing peak (e.g., absorbing) components and may be easily

integrated into a computer program to automate the deconvolution

process.



integrated into a conputer programto autonmate the deconvol uti on process.
13 67,200-1000 2002-0703 Referring to Figure 2, in an exenplary

enbodi ment, are shown a series of FTIR spectra neasured fromthe sane
targeted nmeasuring area of a silicon oxide |ayer overlylng a silicon
nitride layer following successive tit® periods of a CMP process renoving
successive portions of the overlying silicon oxide |ayer. For exanple

l i nes /%%- 0 A-3, A-4, and A-5 represent FTIR spectra detected in
trans Egﬁﬂzq%7 ﬁpough the silicon oxide layer and transformed to absorbance
spectr ) ng successive CVP tine periods. Although the individua

vi bration node peaks follow ng a deconvol uti on process are not shown for
clarity, the area of at |east one vibrational node peak area
characteris%%& of .an Si -0 vibrational node iis determ_ned. For exanple,
peaks 1 and “STFERFBIeh? BhEUE? ford St GXATBLALYoRBPORLHRRL / fafe Shawpl e
peak 1 r%presenttn%gﬁ%convoluted S|%nal of two Si-Ovibrational nodes. For
exanpl € peakf P RS UtEéd WEASHE PRAIF SPB Udie WieBeat pEAaF ehorRasysdaies t o

det er m_ne a ea ar ea fo&ﬁgach of the deconval uted peaks. Peak 2

represénts & vibratYoR%E 8¥e§€§FrﬂVbHB&§%ﬁiﬁ9W%AQﬁjd9MQXQﬁf0110Wln9

successive time periods of a CMP process removing successive portions
of the overlying silicon oxide layer. For example lines A-1, A-2,
A-3, A-4, and A-5 represent FTIR spectra detected in transmission
through the silicon oxide layer and transformed to absorbance spectra
following successive CMP time periods. Although the individual
vibration mode peaks following a deconvolutibn process are not shown
for clarity, the area of at least one vibrational mode peak area
characteristicof anSi-Ovibrational mode is determined. For example,
peaks 1 and 3 represent one or more Si-O vibrational modes, for example
peak 1 representing a convoluted signal of two Si-O vibrational modes.

For example peak 1 is deconvoluted into individual vibrational mode
peaks to determine a peak area for each of the deconvoluted peaks.

Peak 2 represents a vibrational mode peak from an underlying silicon
nitride layer and is seen to remain at about the same intensity following

each CMP process and may be used as a reference peak area to determine

an error margin.

In one embodiment of the present invention, a peak area of an

individual vibrational mode peak is determined prior to an oxide




nitride layer and is seen to remain at about the sane intensity follow ng
each CMP process and may be used as a reference peak area to determ ne an
error margin. In one enbodi nent of the present invention, a peak area of an
i ndi vi dual vibrational node peak is determned prior to an oxide 14

67,200- 1000 2002-0703 | ayer renoval prbcess, for exanple, a CVP process,
to forma reference vibrational node area fromwhich a reference silicon

oxi de % i 5 e is determ ned. Follow ng renoval of a portion of the oxide
| ayer zg’é_ggggﬁgnt vi brational node peak area is determ ned and a
vi br at FOR4I de peak area ratio of the subsequent vibrational node peak
area to the initial vibrational node peak is determ ned. The vibrational
node peak area ratio is directly proportional to a renaining portion of
t he ox&geelgyer %ﬁjckness thus all ow ng determi nation of both the anount

e TS PEROYRY &R HERAfoum CMET PERGRRE | B9 diorny ameifeiregce

of the™oxi
Referring tg.gi%fre are absorbance peak area ratio values on the
axrs®b

verticdr TP BRPR drBPTSIRiEN\A BeAereRas Siddeopeakidbithiiobdess

accordi.ng.to FTLR ectra deconvol uti on and peak area integration
1sgde9erm1ne§!3 QI«Iolalow%mg removal of a pport:ion of the %Xide layer

a subsequent vibrational mode peak area is determined and a vibrat ional
mode peak area ratio of the subsequent vibrational mode peak area
to the initial vibrational mode peak is determined. The vibrational
mode peak area ratio is directly proportional to a remaining portion
of the oxide layer thickness thus allowing determination of both

the amount of the oxide layer removed and the amount of oxide layer

remaining.

Referring to Figure 3 are absorbance peak area ratio values
onthevertical axis of an exemplary Si-0vibrational mode peak obtained
according to FTIR spectra deconvolution and peak>area integration
according to preferred embodiments of the invention. The absorbance
peak area ratio values are plotted against a separately determined
silicon oxide thickness, shown on the horizontal axis, to obtain
acalibration relationship shown as line 3A correlating the absorbance
peak area ratio values and the silicon oxide thickness. The silicon
oxide thickness is preferably determined by independently determining
the oxide layer thickness, for example by viewing a semiconductor

process wafer in cross section by scanning electron microscopy to




according to preferred enbodi nents of the invention. The absorbance peak
area ratio values are plotted against a separately determned silicon

oxi de thickness, shown on the horizontal axis, to obtain a calibration
rel ati onship shown as Iine 3A correlating the absorbance peak area ratio
val ues and the silicon oxide thicknessi5The silicon oxide thickness is
preferably determ ned by independently determ ning the oxide |ayer

t hi ckness, for exanple by view ng a sem conductor process wafer in cross
secti of 'b¢99caRAPng el ectron microscopy to 15 67, 200- 1000 2002- 0703
det er n*R82rR08xi de | ayer thickness following. It is seen that a |inear
calibration relationship e.g., line 3A exists between the silicon oxide

t hi ckness and the Si-O absorbance peak ratio obtained according to
preferred enbodi nents. | n one enbodi ment of the invention, at |east one of
‘the abSGFGAMERe pRakoxida larsnsiidknessi dnallopénd . nule iar emenathas) ai s
determined froma selected targeted material, for exanple silicon oxide,
and ggFP§P5t861&P¥ﬁtbﬁniﬁﬁé@%ﬁ@ﬁﬁhﬂglQkﬁfwrﬁﬂnaj&kdakidtayéthanknhss to
produce . a.calibration relationship, for exanple a mathenatical

rel ati 8ﬁgﬁFan??E'rfiea§h&CIkPﬁ§§ralﬁ®ltélei 8ihsAiabstthmmiargpehk cat tulodbthdned

according to preferred embodiments.

In one embodiment of the invention, at least one of the absorbance
peak area ratios (vibrational peak mode area ratios) is determined
from a selected targeted material, for example silicon oxidé, and
correlated with an independently determined oxide layer thickness
to produce a calibration relationship, for example a mathematical
relationship such as a linear relationship allowing the calculation
of an oxide layer thickness from an initial oxide layer thickness
‘and an absorbance peak area ratio. Thereafter, the calibration
relationship is used to directly determine, for example by
interpolation or extrapolation an oxide layer thickness after
determination of an absorbance peak area ratio in a subsequent oxide
layer removal process, for example a CMP process. For example, an
initial absorbance peak area is determined for an initial oxide layer
thickness. Thereafter, following a time periods of CMP, subséquent
FTIR measurements are made to determine an absorbance peak area and
an absorbance peak area ratio. The absorbance peak area ratio is

determined with respect to the initial absorbance peak and the



of an oxide layer thickness froman initial oxide |ayer thickness and an
absorbance peak area ratio. Thereafter, the calibration relationship is
used to directly determ ne, for exanple by interpolation or extrapolation
an oxide layer thickness after determ nation of an absorbance peak area
ratio in a subsequent oxide |ayer rentfval process, for exanple a CWP
process. For exanple, an initial absorbance peak area is determ ned for an
initia%7o§5ggl gyer t hi ckness. Thereafter, following a tine periods of

CWP, sgg%ggUgg FTI R measurenents are made to determ ne an absorbance peak
area an an’ absorbance peak area ratio. The absorbance peak area ratio is
determned with respect to the initial absorbance peak and the 16

67, 200- 1000 2002-0703 calibration relationship then used to deternmne a

presen i l ayer hi ckness .i ncl udin renove oxi de |ayer thickness and
ar em%ﬁgégggg}q & eﬂ&&r&? n?ﬁ?@ﬁp@g’suf% n‘sﬁ}?emnee?é?ﬁﬂsénti PR LRERY

enmbodi ] nmet-hod of the present_ invention is inplenented as an
gﬁ%kﬂégg mda“%ﬁﬂ Sy SPBRYE O¥gle dayiwd é,hleheeﬁgp R @ remaiahng

in-line process Tn
sen condugt o fer.s. havin ref erence oxide | ayer thickness formng a
proces ggg g%f %%% rratilhjb‘g‘nes F GmouAty.

For example, in another embodiment, the method of the present
invention is implemented as an in-line process in a CMP system.
For example, one or more reference semiconductor wafers having a
reference oxide layer thickness forming a process. surface may be
included in a process where a plurality of wafers are polished in
parallel. For example, following a first polishing time period,
a reference wafer is removed and transported to a nearby FTIR measuring
station for collection of an FTIR spectra and determination of a

| removed oxide layer thickness and a remaining oxide layer thickness.
Preferably, the reference wafer is rinsed and dried prior to
measurement to eliminate absorptive materials present on the process
surface. For example, the CMP process may be suspended during the
FTIR measuring process and the refereric_:e wafer returned to the CMP
polishing process for continued polishing for a second polishing
time period followed by at least a second FTIR measurement to determine
a remaining oxide layer thickness. Following at least the first

'FTIRmeasurement, a polishing rate is determined to project a projected




included in a process where a plurality of wafers are polished in

paral l el. For exanple, following a first polishing tinme period,

reference wafer is renoved and transported to a nearby FTIR neasuring

station for collection of an FTIR spectra and determ nati on of a

r enoved

oxi de | ayer thickness and a renaini ng b&ide layer thickness. Preferably,
the reference wafer is rinsed and dried prior to neasurenent to elimnate

absorp%ﬁygogaggbbals present on the process surface. For exanple,

t he CWP

process Y gbgzsuspended during the FTIR nmeasuring process and the
reference wafer returned to the CVW polishing process for continued
polishing for a second polishing tinme period followed by at | east a second

FTIR nmeasurenent to determ ne a renmining oxide |ayer thickness.

Fol | owi ng

b of e arapacime Do doR S BT~ nBL o sty ¢ Fife THEFFBGCEO
ovP polToni g reR e el ko EhE S S eb b e d ot sORGIePRE.
Cecond”se SeC PR rR TEARAE e et A et PR a ern iy oY 11 me
peri odopaseta Py hd (RN 9Getermine a second oxide layer thickness and

project a second polishing endpoint time period based on a remaining
oxide layer thickness and polishing rate. Following reaching the
projected endpoint, for example, where an imderlying material layer
is present, for example silicon nitride, the reference wafer is
optionally subjected to at least a third FTIR measurement to determine
an amount of remaining oxide on the wafer surface and to determine
an additional desj.red CMP over polishing time period. The process
may be repeated to ensure substantially complete removal of the oxide
layer. It will be appreciated that several FTIR measurements may
be made over a plurality of predetermined wafer surface areas, for
example by orienting the reference wafer in a predetermined way and
having a positioning stage to position the reference wafer for FTIR
measurements made through thickness portions of the oxide layer at

predetermined positions of the wafer process surface.

In another embodiment, a plurality of reference (monitor) wafers
are included in the CMP process one of the plurality of reference

wafers periodically removed following a CMP polishing period for




oxi de layer thickness and polishing rate. Follow ng reaching the projected
endpoi nt, for exanple, where an underlying nmaterial layer is present, for
exanple silicon nitride, the reference wafer is optionally subjected to at
-least a third FTIR neasurenent to determ ne an anount of renaining oxide
on the wafer surface and to determine 1&n additional desired CMP over
polishing time period. The process mnay be repeated to ensure substantially
<coaneQ§7Qﬁﬂpﬁ%boof the oxide layer. It will be appreciated that several
FTIR rreﬁﬁ}g_qj%gts may be made over a plurality of predeterm ned wafer
surface areas, for exanple by orienting the reference wafer in a
predeterm ned way and having a positioning stage to position the reference
wafer for FTIR nmeasurenents made through thickness portions of the oxide

embodi n SREEohEE BTiF, BRS ke BiRn o PRERFRORS SRFERGe MRker diisuBasen (he
Fol | owing: SoCB bl TOT R Bateou PoF S BA S06060" Pbbssioresh RROMFERS!  one
o RS S S RSO LR RS AT,
for determination of an oxide removal thickness and a remaining oxide
layer thickness. A polishing rate may be determined following the
first FTIR measurement after beginning the CMP polishing process
with reference to an initial FTIR mea.s’urem‘ent made prior to beginning
the CMP process to determine an initial thickness. For example, .
a removed thickness portion of the oxide layer is determined following
an initial CMP polishing period and divided by an initial polishing
time to determine a material removal rate. The material removal
rate is then used to project a remaining polishing time to remove

a remaining desired thickness portion of the oxide layer.

Following a second polishing period a second reference wafer
is removed from the CMP brocess for FTIR measurement, the first and
the second reference wafers having about the same initial oxide layer
thickness. Following the second FTIR measurement to determine an
oxide layer thickness, an updated material removal rate (polishing
rate) is determined to project an updated polishing endpoint time
period. The CMP polishing process may either continue during removal

and performance FTIR measurement of one of the reference wafers or




may continue after renoving a first reference wafer for FTIR nmeasurenent
for determ nation of an oxide renpval thickness and a renai ning oxide

| ayer thickness. A polishing rate may be deternmined following the first
FTI R nmeasurenent after beginning the CVWP polishing process wth reference
to an initial FTIR measurement nmade pr19r to beginning the CVP process to
determne an initial thickness. For exanple, a renoved thickness portion

of the oxi 1.3ygr is determined following an initial CMP polishing period
and di v I an initial polishing tinme to determne a material renoval
rate. e material renoval rate is then used to project a renaining

polishing time to renove a renaining desired thickness portion of the
oxi de layer. Follow ng a second polishing period a second reference wafer

isre rocess for FTIR neasurenent, the first and the
second r§f§%2%§§b§59§525§%9? F AT P HE A% Hife: PRE BX1Reneagienent

t hi ckngss, Egb%g@%@gtghe second FTIR neasurenent to determ ne an oxide

| ayer thickness, an updated material renoval rate (polishing rate) is
determ ned to project an updated polishing endpoint tine period. The CW
polishing process may either continue during renoval and perfornmance FTIR

measur ement 1qf  one of erﬁf)]oed{n%r% EPEE R en';esasot.{re]thgen%zﬁ(—:?t?l'?c;dlgg ?:he present
inventionisusedinashallowtrenchisolation(STI)formationprocess.
For example, in an exemplary STI process, referring to Figure 4A,
is shown a side view portion of a semiconductor wafer substrate 10,
for example silicon, having an overlying layer of silicon nitride
12. An STI trench 14 is photolithographically patterned and
anisotropically etched through the silicon nitride layer 12 into
the silicon wafer substrate 10. A silicon oxide layer 16 is then
blanket deposited to backfill the STI trench 14 and form a portion
overlying the silicon nitride layer 12. An initial FTIR measurement
is then made over at least one predetermined volume portion of the
wafer surface according to preferred embodiments to determine an

~ initial absorbance peak area for the silicon oxide layer 16.

Referring to Figure 4B, a CMP process is then carried out for
a predetermined time period to remove a portion of the silicon oxide
layer 16. A second FTIR measurement is then made over the same at
leastonepredeterminedvolumeportionofthewafersurfacetodetermine

a second absorbance peak area. A absorbance peak area ratio is then



2002- 0703 may be suspended dependi ng on polishing tinme and FTI R nmeasur enent
time constraints. In another enbodinent, the FTIR neasurenent nethod of the
present invention is used in a shallow trench isolation (STI) formation
process. For exanple, in an exenplary STI process, referring to Figure 4A,
is shown a side view portion of a semi2®nductor wafer substrate 10, for
exanpl e silicon, having an overlying layer of silicon nitride 12. An STI
trench ;4 58— ﬁéolithographically patterned and anisotropically etched
throug§06§§0§§ on nitride layer 12 into the silicon wafer substrate 10.
A siliconoxi | ayer 16 is then blanket deposited to backfill the STI
trench 14 and forma portion overlying the silicon nitride layer 12. An
initial FTIR nmeasurenent is then nade over at | east one predeterm ned

vol une ion of the .wafer surface according to preferred enbodinents to
det er md%’g%’ﬁ?n‘?‘%i% %wa%’i‘asb SR ghaarbice meaki preanbnXitgetinger 16.

Referr] Lgure.4B, a CVMP praocess is then carried out for a
pr edet ée?%o%g%g?g CHeATEE -t oTkr"g LP3sia PeRkoRremeraiiq don thendesedayer
16. A §8c8gga§TlR neasurenent is en made over the same at |east one

t A . .
predet 67 ni hed vorune poPeYoh Ufi el WP Eiirnaggd ¢ deraining oxidecond

absorb area. A_absorbanc eak area ratio is then
fg{}grp@ﬂ(ckness. A prOJecteg Bollfshing time period to remove the

remaining portion of the oxide layer is determined according to the
amount of oxide remaining and a polishing rate either previously

determined or based on a newly determined polishing rate.

Optionally, at least a third FTIR measurement is made following

a second polishing period to determine a second remaining oxide
thickness and a second removed oxide layer portion to determine an
updated polishing rate and updated projected polishing time period.
For example, anupdatedpolishingrate is determined fromthe polishing

time period and removed oxide layer portions. An updated projected
polishing time period for removal of the oxide layer is projected

to carry out a third polishing time period.

Referring to Figure 4C, following a third polishing period,
the silicon oxide layer 16 is preferably substantially removed.
Preferably, a subsequent FTIR measurement is carried out to ensure
that the oxide layer 16 is substantially removed. Subsequent CMP

over polishing may be carried out including a newly updated projected



20 67, 200-1000 2002-0703 determ ned by dividing the second absorbance peak
area by the first absorbance peak area. The absorbance peak area ratio is

t hen used

to determine a renoved oxide |layer portion and a remraini ng oxide

| ayer thickness. A projected polishing time period to renove the renaining

portion of

the oxide layer is deternminell according to the arount of oxide

remai ning and a polishing rate either previously determ ned or based on a
new y %gg%b%LQ%gopolishing rate. Optionally, at least a third FTIR

measur eyt gig3made following a second polishing period to determine a
second remai ning oxide thickness and a second renoved oxi de |ayer portion
to determ ne an updated polishing rate and updated projected polishing

time p
pol i sh
proj ec
proj ec

t qut a third polishing time period. Referring to Figure
4C, f oﬁﬁgﬁenga%‘% %’ngp‘% ?%%W%BP%B%“% 7 §heiddr cor aétrh@%ﬁayeri- s

pref er
measur

eriod. For exanple, an updated polishing rate is determined fromthe

i s bl j nd. removed_oxi de |ayer portions. An updated
Pad iebitB Rihs Hefia, ko BHHEr vl ol FRBOURLdR | Hybreiigcon

ably s t j renoved. _Prefetably, a subsequent FTIR
erre%t Fl‘gf C%?érffllgi ’)c/)utthet g\rgﬁsglfea serlect d deconvolquted absorbance

. peak characteristic of silicon oxide is preferably about zero. For

example, prior tocarryingout awet etchingprocessusinghot phosphoric
acid to remove the silicon nitride layer, it is preferable that the
silicon oxide layer overlying the silicon nitride layer be

substantially removed for an improved wet etching process..

Referring to Figure 5 is a process flow diagram including several
embodiments of the invention. In process 501, at 1least one
semiconductor process wafer is provided including an exposed silicon
oxide layer having a predetermined thickness. 1In process 503A, at
least one FTIR spectra is collected from the at least one semiconductor
process wafer including at least one sampling area. In process 503B,
a deconvolution process is carried out on the FTIR spectra to determine
a silicon oxide layer thickness and determine a projected polishing
time to endpoint. 1In process 505, the at least one semiconductor
process wafer is subjected to a chemical mechanical polish (CMP)
process for a predetermined time period. As indicated by process
direction arrow 5074, optionally at least a second FTIR Spectra is

collected and processed according to processes 503A and 503B to




that the oxide layer 16 is substantially renoved. Subsequent CMP over
polishing may be carried out including a newy updated projected 21

67, 200- 1000 2002-0703 polishing time period to ensure substantial renoval
of the silicon oxide layer while m nim zing polishing of the silicon
nitride |layer. For exanple, the area @2 a sel ected deconvol uted absorbance
peak characteristic of silicon oxide is preferably about zero. For

exanpl g, 9659ﬁ0§ﬁ carrying out a wet etching process using hot phosphoric
acid t906§— vE e silicon nitride layer, it is preferable that the
silicon oxide ?ayer overlying the silicon nitride |ayer be substantially
renmoved for an inproved wet etching process. Referring to Figure 5is a
process flow di agramincludi ng several enbodinments of the invention. In

proces . l.east, . sen conduct o rocess wafer s provided
includéﬁgg%ﬁlgépSSe LdGen: e ?5yé?9ﬂ5§?%ﬁ énﬁf%ﬁbﬁ%rHPﬂ%ﬂl$$i%kness.

one’ soby Sanauet st rd BB B Ferondu it P ie® ae Ehelna FoF i mgesred. 1 n
Procesgr s Bornd ISP LY RORERRLR ERL ST A L1 TG Shect
pol i shkAGhrocess 508 as indicated by process directional arrow S507B. In
process 508, the CMP process is carried out to the projected polishing
endpoint. Asindicatedbydirectional arrow507C, followingpolishing
to endpoint in process 508, optionally additional FTIR spectra are
collected and processed according to processes 503A and 503B to
determine whether endpoint has been reached inciuding determining
an amount of silicon oxide remaining on the polishing surface and
updating the projected polishing time to endpoint, prior to resuming
the CMP polishing process in process 508, as indicated by process

- directional arrow 507B to polishing endpoint.

- The preferred embodiments, aspects, and features of the invention
having been described, it will be apparent to those skilled in the
art that numerous variations, modifications, and substitutions may

be made without departing from the spirit of the invention as disclosed

and further claimed below.




time to endpoint. In process 505, the at | east one sem conductor process
wafer is subjected to a chem cal nechanical polish (CMP) process for a
predeterm ned tine period. As indicated by process direction arrow 507A,
optionally at |east a second FTIR spectra is collected and processed
according to processes 503A and 503B t#322 67, 200- 1000 2002-0703 deterni ne
a silicon oxide layer thickness including updating a projected polishing
time t%7e5689&650 prior to polishing for a second predetermned tine
periodzbgnggggss 505 or polishing to endpoint in process 508 as indicated
by process directional arrow 507B. In process 508, the CMP process is
carried out to the projected polishing endpoint. As indicated by

di rectional arrow 507C, follow ng polishing to endpoint in process 508,
optionally additional FTIR spectra are collected and processed accordi ng
to processes 503A and 503B to dete HE whet her endpoi nt has been reached
includhﬂgtdggeéfgg&g% ;@n amount of silicon oxide remaining on the
pol i shing surface an updating the projected polishing time to endpoint,
prior to resunming the CMP polishing process in process 508, as indicated
by process directional arrow 507B to polishing endpoint.

1. A method for determining a material layer thickness transmissive
toinfrared(IR)energyiniasemiconductorwafernmnufacturingprocess
comprising the steps of:

providing at least one semiconductor wafer comprising an IR
transmissive layer;

passing IR energy through the IR transmissive layer to produce
at least one Fourier transform infrared (FTIR) spectrum; and,

determining an amount of the IR transmissive layer present
according to an amount of IR energy absorbed by a predetermined

contributing characteristic vibrational mode portion of the FTIR

spectrum.

2. The method of claim 1, wherein the IR transmissive layer comprises

silicon oxide.

3. The method of claim 1, wherein the step of determining an amount

of the IR transmissive material comprises determining a thickness

of the IR transmissive layer.



The preferred enbodi nents, aspects, and features of the invention having
been described, it will be apparent to those skilled in the art that

nuner ous vari ations, nodifications, and substitutions may be made w t hout
departing fromthe spirit of the invention as disclosed and further

cl ai med bel ow. 23 67,200-1000 2002-0788 CLAIMS Wat is. clained is: 1. A
nmet hod for deternining a material |ayer thickness transmssive to infrared
(IR e Og seniconductor waf er manufacturing process conprising the
st eps i'ng at | east one sem conductor wafer conprising an IR
transnlsS|ve Iayer passing IR energy through the IR transm ssive |l ayer to
produce at |east one Fourier transforminfrared (FTIR) spectrum and,
determ ning an anount of the IR transm ssive |ayer present according to an

anount of LR, egggg bgorf g% a edeterm ned contributing
char acteri strc Vi brat T ons 6%&FE&H etﬁEePT?fQPE?Q%ﬁ¥Qﬁnat least
one FTIR spectrum further comprises transforming the FTIR spectrum

into at least one of transmittance and absorbance spectra.

5. The method of claim 1, predetermined cohtributing characteristic
vibrational mode portion comprises at least one bandwidth of

frequencies characteristic of an atomic bond vibrational mode of

the IR transmissive layer.

6. The method of claim 5, wherein the predetermined contributing
characteristic vibrational mode portion is determined according to

a deconvoluted peak area representing absorbance corresponding to

the at least one bandwidth of frequencies.

7. The method of claim 6, wherein the step of determining further
comprises correlating the peak area with an independently determined

amount Qf the IR transmissive material to produce a calibration

relationship.

8. The method of claim 1, further comprising the step of carrying
out a chemical mechanical polish (CMP). process to remove at least

a portion of the IR transmissive layer.



2. The nethod of claim1l1l, wherein the IR transm ssive |ayer conprises
silicon oxide. 3. The nmethod of claim1l, wherein the step of determ ning an
anount of the IR transm ssive material conprises determ ning a thickness
of the IR transm ssive layer. 24 67,200-1000 2002-0703 4. The net hod of
claim1, wherein the step of producing2at |east one FTIR spectrum further
conprises transformng the FTIR spectrum into at |east one of
transnu&}%ﬂﬁpl%%ﬁ absor bance spectra. 5. The nethod of claim1,

predet tributing characteristic vibrational node portion
conprlses at ast one bandwi dth of frequencies characteristic of an
~atom ¢ bond V|brat|onal node of the IR transm ssive |layer. 6. The nethod
of claimb5, wherein the predeterm ned contributing characteristic

vi brational node portion is determ ned according to a deconvol uted peak
area representing absorbance corresponding to the at |east one bandw dth

of frequen e t hod of aim6, wherein the step of determ ning
furt he?yJ' c‘ofh%fr?%tehsOdCSEr%f%W %g EHEt}B%EIF%‘F@éL%thtBﬁ §hfde pé riefetitdqr ing
determd“%%lishing endpoint for the CMP process following the step of

determining an amount.

10. The method of claim 9, wherein the at least one semiconductor

wafer1ncludesathlcknessmon1torwaferhav1ngaboutthesamethlckness

of the IR transmissive layer.



anount of the IR transm ssive material to produce a calibration
relationship. 8 The nmethod of claiml, further conprising the step of
carrying out a chem cal nechanical polish (CWP). process to renove at

| east a portion of the IR transm ssive |ayer. 25 67,200-1000 2002-0703 9.
The nmethod of claim8, further conpris?fg the step of projecting a
pol i shing endpoint for the CWP process following the step of determning
an ano QO%Qloége met hod of claim9, wherein the at |east one

sem condi{ctar, .o fer includes a thickness nonitor wafer having about the
sane thickness™ of the IR transm ssive |ayer. 26 67,200-1000 2002-0703 11.
The nmethod of claim 10, wherein the CMP process includes a first polishing
time period followed by repeating the steps of passing IR energy,

det er m,ni ng unt _an rojecting g polishing endpoint. 12. The nethod
of cl ail% '8, Tﬁ%g?eg:?lr?%t %‘g qqﬁplt“} iﬁs ﬁ‘f}%eg?e\}él Fag &MEcBEpFPRRdincludes a first
polishing time period followed by repeating the steps of passing

IR energy, determining an amount and proj ecting a polishing endpoint.

12. Themethod of claim 8, wherein the IR transmissive layer comprises

a shallow trench isolation (STI) silicon oxide layer overlying a

silicon nitride layer.

13. A method for determining a silicon oxide layer thickness for
carrying out a chemical mechanical polish (CMP) process in a
semiconductor wafer manufacturing procéss comprising the steps of:
providing at least one semiconductor wafer comprising an exposed
silicon oxide layer;
collectingatleastoneFouriertransforminfrared(FTIR)spectrum
by passing IR‘energy through at least one sampled thickness portion

of the silicon oxide layer;

determining the thickness of the silicon oxide layer;



a shallow trench isolation (STlI) silicon oxide |layer overlying a silicon
nitride layer. 13. A nethod for determning a silicon oxide |ayer thickness
- for carrying out a chem cal nechanical polish (CMP) process in a

sem conduct or waf er manufacturing process conprising the steps of:

provi ding at |east one seniconductor v@&fer conprising an exposed silicon
oxi de layer; collecting at |east one Fourier transforminfrared (FTIR)
specprgglzﬁg_ §ssi ng | R energy through at |east one sanpled thickness
porti0gga9f ot silicon oxide |ayer; determ ning the thickness of the
silicon oxide Tayer; 27 67,200-1000 2002-0703 projecting a polishing
endpoint for the CVWP process; and, carrying out the CVWP process for a
predeterm ned tine period. 14. The nmethod of claim 13, wherein the steps of
col l-.ecti ng, 1.hing .projecting, are repeated follow ng the step of
carrying O%Jfﬁgf%%{% %35&13.8%21_1%?5J§n%881ﬁ,& ﬁ%’a @?e ME RTPFesSRierBin a

pol i shi ng &g&%%%nséigfﬁl%f Th2Chp 0 SEA L Fort 8, ROLL LG, SRa Nt oLy oW ng

14. The method of claim 13, wherein the steps of collecting,

determining,andprojectingarerepeatedfollowingthestepofcarrying

out the CMP process.

15. The method of claim 14, wherein a polishing rate is determined

to project the polishing endpoint following at least two steps of

determining.

16. The method of claim 14 wherein that at least one semiconductor
wafer comprises a thickness monitor wafer for carrying out the step

of collecting in-line during the CMP process.



determ ning. 16. The nethod of claim 14 wherein that at |east one
sem conduct or wafer conprises a thickness nonitor wafer for carrying out
the step of collecting in-line during the CVMP process. 28 67, 200-1000
2002-0703 17. The nethod of claim 13, wherein the step of determ ning
conprises deternining a peak area of @8 |east one atomi c vibrational node
characteristic of the silicon oxide |ayer contributing to an absorbance of
t he ateiﬁ%@%- B@oFTlR spectrum 18. The nethod of claim 16, wherein the at
| east %%'z-t 23‘5 vi brational node characteristic of the silicon oxide
| ayer inc udéS3a peak area having the |argest area. 19. The nethod of
claim 13, wherein passing IR energy through at |east one sanpl ed thickness
portion includes passing the IR energy through a silicon sem conduct or
mafer.]%p. ;ﬁe n%%haﬁsz claim 13, wherein the silicon oxide |ayer
conprises a sha s EhehMilsol WheERiY Sie)stsin PE sletexindaingymmpoverkyi ng a
silico% @itrLde Iager.

etermining peak area of at least one atomic vibrational mode

characteristicofthesiliconoxidelayercontributingtoanabsorbance

of the at least one FTIR spectrum.

18. ThemethodofcﬂaimlG,whereintheat1eastoneatomicvibrational

mode characteristic of the silicon oxide layer includes a peak area

having the largest area.

19. The method of claim 13, wherein passing IR energy through at
least one sampled thickness portion includes passing the IR energy

~through a silicon semiconductor wafer.

20. The method of claim 13, wherein the silicon oxide layer comprises

a shallow trench isolation (STI) silicon oxide layer overlying a

silicon nitride layer.




