2 8 SEP 2006 1 67,200-1000 2002-0703 METHOD TO MEASURE OXI DE THI CKNESS BY
FTIR TO | MPROVE AN | N-LI NE CVP ENDPO NT DETERM NATI ON FI ELD OF THE

| NVENTI ON Thi s invention generally relates to netrol ogy r’reztm{?szﬂﬁhor

measuring filmthicknesses and nore particularly to a nmethod for ~ neasuring

a silicon oxide filmthickness in a senf conductor wafer nicroelectronic

manuf acturing process, for exanple for use as an in-line netrol ogy tool

for endpoint determ nation in a chem cal nmechanical polishing CVMP process.

BACKGRGINZUWOF I'PIE | NVENTI ON Pl anari zation is increasingly inportant in

sem cortiAdY703manuf act uri ng techni ques. As device sizes decrease, the

i nportance of achieving high resolution features through photolithographic

processes correspondi ngly increases thereby placing nore severe

constraints on the degree of planarity required of a sem conductor wafer
processi ng surfaceMEEREBSsTOVHMENSURE eGX IFE SIHTICADESSOBYPEZDRI ity Wil |
undesirably affect the quality of several sem conductor manufacturing

process i ncl udi ¥y, IMRROVEX |18 - [{IiNGt aiiPt RNDP@QPNT COETERM BNAT 0N Pr ocesses,
where the positioning the i mage plane of the _
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 increasinély important in semiconductor
manufacturing techniques. As c')ieirice sizes decrease, the impdrtance
of achieving high resolution features through photolithdgraphic
processes correspondingly increases thereby placing more severe
constraints on the degree of planarity required of a semiconductor
wafer bProcessing surface. Excessive degrees of surface non—plaharity
will undesirably affect the quality of several semiconductor
manufacturing process including, for example, photolithographic

patterning processes, where the positioning the image plane of the




2 8 SEP 2006 2 67,200-1000 2002-0703 process surface within an
increasingly limted depth of focus window is required to achieve high
resol uti on senm conductor feature patterns. A nethod of choice for

pl anari zing a sem conductor process wafer follow ng a partijguigrgog

m croel ectronic circuit fabrication sepiconductor wafer nanufacturing
process such as deposition of a material |ayer is chem cal nechani cal
polishing (CWP), which can achieve sufficient degrees of both |ocal and
gl obal @i @tar-izoaoi on i n nodern manufacturing processes necessary for
successfaddyo7oar ryi ng out subsequent feature form ng processes, for
exanpl e photolithographic processes which require a high degree of

pl anari zation to maintain feature design critical dinmensions. The
planarity of CMP processes is increasingly critical especially for devices

havi ng paraess seffsoaauaian hfalnbRs Sl yasihi g \él'egﬁ:ﬂsof Below @ity 0- 25
mcrons and in the future less than 0.1 mcron. CM pl anarlzatlon |s

typi calﬂg/re@e:draeveb@hlékrfaftﬁrgef&eéém&dmsérhfcoﬂ%ﬁcﬁcféﬁﬁ;ﬁ -1 evel
sem conductor device, including planarizing |levels of a evi te contalnlng

overlying layers of silicon oxide to achieve |ocal and gl obal
pl anari zation for subsequent processing of overlying |evels.

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
inn@dernnmnufacturingprocessesnecessaryforsuccessfullycarrying
out subsequent féature 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 incfeasingly critical especially for
Qevices 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
mapufacture of a multi—level semiconductor dévice, including
planarizing levels of a device containing overlying layers of silicon
oxide to achievellocal and global planarization for subsequent

processing of overlying levels.



3 2 8 SEP 2006 67,200-1000 2002-0703 During a typical CMP process, the
process wafer is nmounted on a CWP platen with the process surface face
down in contact with a polishing pad onto which polishing slurry is
periodically deposited. A down force is applied to the wafer and the wafer
process surface is placed in notion wgh while contacting2@gePoig shi ng
pad surface which is also typically placed in notion. The CMP process
typically requires polishing slurry that is selective with respect to an
under | ybiig2aait&p0@l | ayer to prevent over polishing to include polishing
t he und@PPgrAgoBayer which nay detrinentally affect the planarity of the
CWP 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 forned of a harder material. Since slurries are

frequently ibsuihga enydiyadelmMpt pr¥€céSs Preweprocedehwa¥er Polhiciced oM
processes typically enploy an endpoint detection systemto determne a

poi nt ag& GMPchlatben unidsr lHienpricagel sugfa¥BOSLEe &3WHKhﬂ“cdH%é%%tWQEhSXSte”B
have been proposed that are both in-situ and in-line. For exanple, optical

syst enspeélighhng gad ot edtiett yoBidhends1 Wk gl pe@ysdbésmf RKedeiN-situ

during the pollshlng process where light is directed at a eterm ne

angl e - 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 vis 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.

Since slurriesare frequentlyinsufficientlyselectiveto prevent
such over polishing, CMP processes typlcally employ an endpoint
detectlon 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 vlight have been employed in-situ during the

polishing process where light is directed at a predetermine angle



2 8 SEP 2006 4 at the wafer process surface and reflected light is

det ected and anal yzed to determ ne whether an underlying |ayer has been
exposed. O her in-situ systenms have relied on detection of Qﬁ icals in
the polishing effluent or the change in polishing friction z@f gbﬁ@d 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
systenms frequently suffer from adequat# focusing or inadequate signal
intensity to make accurate endpoint detection determ nations and are
frequently unworkabl e where no polishing breakthrough fromone nmateri al

| ayer t o apthetwér (266§ SurfdcB ahd Rdfletit8 1ightis daeteb asdakidyel epaéteintinover cone
these shortcom ngs where the process wafer is noved to a nearby wafer

t hi cknes gy IBRS W [ifidrlyiidhy @ ha¥B&infexhf&d BlRE iREAFS SRR Wal & fefied Sn P ObEd tO

det erm ne whet her pol'it shing breakthrough has occurred. For exanple, such

. i oal | . Ceible Li ‘ h
e TR SR S R o o e Bl B R RELL Y O
of the pri S

r art hat, the detectin met hodol ogy typically.relies on the
occur r endbitgEmougho; é?ﬁtw sl CRPBL BRI usedp BV elierdhpdlishisinlen
polishing | ayer to expose a materially different underlying |ayer.

Fr equent oythe pobighing aid surfage tInesity aptical detggiieresystsmsdirquent r§amy a portion
of 2 8 SEP 2006 5 67,200-1000 2002-0703 the oxide is polished, no
pol i shi ngddyueskfotusinggdr inadequate sighaldhteatityntg make accurate endpoint detection
determinations and are frequently unworkable where no polishing breakthrough from one
material layer to another occurs. In-line systems have been developed to overcome these
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




many of the techniques of the prior art. Further, in cases where a
pol i shing breakthrough occurs thus indicating the exposure of an
underlying layer, prior art techniques do not adequately indicate the
amount of remaining oxide or allowlocal probing of the prbt8&s00&urface to
det erm ne whet her substantially the entgre overlying oxide |layer is
renmoved. As a result, in-line endpoint detection systens of the prior art
do not all ow updated projections to be made with respect to a projected
remai ni 6G,pOoDFs0OMg time or a determnation that substantially all of the
oxi de feooetbeosarget polishing |ayer has been renoved. Therefore, there
is a need in the sem conductor wafer mcroelectronic integrated circuit
processing art for an inproved nethod for nmeasuring the thickness of an
oxi de | ayer for exanple, including determ ning the renaining thickness of

an oxi dehkayeirdd bs p1AMRdA, 0686 Yo G HiINY B¥ELLAMRAIN detest ignand. to,
ensure substantially conplete renoval of the oxide layer. It 1Ts tﬁer%fore

an_obj emtingf of hehé NV@tHn Rfudsd ¥ QHLAG 3% HREOV e fethod f Q{as@%aﬁzﬂé'ké'g the
t hi ckness of an oxide |layer for exanple, includling determning the

r2 S(r)n;i S;Sgpohiﬂkit@SDI@akﬁhr@&bﬁeol:éMﬁé thue $a3eRt2086:h8 SHpd01890,,

underlying layer, prior art techniques do not adequately indicate
the amount of remaining oxide or allow local probing of the process
surface to déetermine whether substantially the entire overlying oxide‘
layer is removed. As é 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 laYér

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
»me’thod for measuring the thickness of an oxide layer for example,

including determining the remaining thickness of an oxide layer in



a CWVWP process to inprove endpoint detection and to ensure substantially
conpl ete renoval of the oxide |ayer while overcom ng other shortcom ngs
and deficiencies in the prior art. SUMVARY OF THE | NVENTI ON To achi eve the
f oregoi ng and other objects, and in accordance wth the putpbsedipf the
present invention, as enbodied and broagly described herein, the present

i nvention provides a nethod for determning a material |ayer thickness
transm ssive to infrared (IR) energy in a sem conductor wafer

manuf actedr,i20Q-poooess. Ina first enbodi nment, the nethod includes A nethod
for detewom2riong3 a material |ayer thickness transmssive to infrared (IR
energy in a sem conductor wafer manufacturing process including providing
at | east one sem conductor wafer conprising an IR transm ssive | ayer;
passing IR energy through the IR transm ssive |ayer to produce at | east

one Foumi GNP prasss®Esinfroreacthddoiii) aspsst {mnéﬂg,en%&%réﬁﬂg%t&%ﬁl mount
e

of the IR transm ssive |ayer present according to an anount o ner gy

absor bedohyplatpredeialBmeaik 6204& i BYLi-iG iARAAGI R Sk . . de
Sortion of the FTIR Spectrum 5 g os soaas s bRt s By Sa8het0r e,

and ot hendedbedtient ses aspaais b eatures of the invention

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

energy in a semiconductor wafer manufacturing process.

Inafirst embodiment, the method includesAmethod 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 threugh the IR transmissive layer to produce at
least one Fourier .tra‘nsform infrared (FTIR) spectrum; and, determining
an amount of the IR transmissive layer present according to an amount
.of IR energy absorb‘ed by a predetermined contributing characteristic

vibrational mode portion of the FTIR spectrum.



will be better understood froma detail ed description of the preferred
enbodi nents of the invention which are further described below in
conjunction with the acconpanying Figures. 2 8 SEP 2006 8 67 épaf%ooo
2002- 0703 BRI EF DESCRI PTI ON OF THE DRAW NGS Figures | A is & Gdphital
representation of a silicon oxide FTIRpspectrumincluding deconvoluted
peaks representing vibrational node bandw dths contributing to the FTIR
spectrum according to an enbodi nent of the invention. Figure 2 is a

gr aphi c&7,2@present ati on of a series of FTIR spectra taken successively
fol | ow 2§0gepi7ods of CVP to renove a portion of a silicon oxide |ayer
according to an enbodi nent 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

exenpl ary Si TEeBélahﬂtdumﬁlemb&ﬂﬁn&&@rﬁﬁ&ﬂ§aﬂ@f§@ﬁpé%§?tthgfin %]t§§§segw

i nvention. Figures 4A-4C are cross sectional side view an exenp

pr ocess wadddradbagté o uadeesbosimitn 8faddag 1ieﬁvc$é§<%]xgrbt i'czyinq_:;g €na ir?ﬁf%r%gc ess.

fl ow di agramincl udi ng several enbodi nents of t prese I'nvent i on.
embodiments of the invention which are further described below in

conjunction with the accompanying Figures.



2 8 SEP 2006 9 DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Al t hough
the nmethod of the present invention is explained in exenplary

i npl enentation for use in a sem conductor wafer CWVMP process to nonitor a

t hi ckness or presence of an oxide |layer undergoing a CVP DgQERSHEF it will
be appreciated that the method of the present invention may be

advant ageousl y used to qui ckly and easi neasure the renmaining thickness
or presence of an oxide layer in any sem conductor manufacturing process.
In a first cegbeghpent of the present invention a sem conductor wafer
process o3whf-agg3z having an exposed surface portion is provided. An infrared
(IR) source of energy (probe) is directed at the process surface and at

| east one Fourier TransformlInfrared (FT-1R) spectra including a detected
signal intensity is collected froma targeted neasurenent area of the
process surface including a predeterm ned bandw dth of frequencies.

characteristic of at |esster omesatkbs@tde T%Fseﬂﬁgﬁ‘f‘ﬁ de characteristic
of material present in the pathway of the IR probe. % e at |east one FTIR

spectra i s tRegudesonyolyt adgh-apabbal Nrbpdbyi gl { Cc?f"ta[ | bt g, Jyequency
a

bandw dt hs preferably including individual vibrational frequency nodes

char act BTIRt e ruit ol akii REESEMnvd UG Intensity
of the FTIR Z 6 SEP 2006 10°67,200. 1600 bER: Gy RtERY My VIR, Y
of the modevbdtawigte®néshbribitdidd @Y&MeY 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

@ 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.



bandw dt hs characteristic of the targeted material is then integrated over
the bandwi dth to obtain a vibrational node peak area and conpared to a
previously determ ned targeted naterial vibrational peak area to determ ne
an anount of the targeted nmaterial renmoved and anount remaining on the
surface. Referring to Figure 1, in an exenplary enbodi nentg SEhalltar get ed
material is preferably silicon oxide, for exanple silicon dioxide (S102)
Shown in Figure 1 is shown an exenplary FTIR spectrum which has been
col l ected over an exenplary bandw dth o§ frequencies, shown on the

hori zontal axis, of about 600 to about 1600 reciprocal centineters (cm1l)
al so known as wavenunbers. It wll be appreciated that spectra. my be

or ovessed, 1or  DELEEDESCRuted o Yal b RaIREMEBIEN TS i 112 <o

be appreciated that FTIR spectra may be collected by detecting a reflected
or transmtted signal of IR energy fromthe targeted material, for exanple
a silicon oxide layer (hereinafter referred to as oxide) . For exanple,
refl ected specilthauglatheleethad dfethe preseritrimvention exghidedyir exawdaldyyi ng a surface
reflective to the frequency bandw dth desired to be collected in which

case si gndpletHeh@AYRTdrRe £ B sepRCorifr water@ME PRockSOB mafd a Mibkhess 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 a 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




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 transnission spectra, for exanpl eg s@prléliting the

i ncident IR signal about perpendicular to the oxide |I|ayer thickness . For
exanple, in a preferred enbodi nent of tH present invention an oxide |ayer
t hi ckness is determ ned where the oxide |ayer overlies a silicon nitride
| ayer f@rmegooyggpa silicon semconductor wafer. It will be appreciated
that FThRopegsysenents nodul ate the IR energy source during collection of
the detected IR signal intensity and process the signal by known net hods
to produce a swept frequency FTIR spectrum It will also be appreciated
that absorbance or transmttance spectra nmay be determined fromthe

A L e e B L AR R ol
i ckneBae@ PRt opaBhc BB o GRS R rieL o AAeaa Lot Lheng msPEnEed
bandvi U Re” poatgr Ji O o e giads Bk AR e CEDBRRG
freauency o \WALANY aBPIENENEE AL T4 G2k 3hY S0 S oxi de. By the term

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 -
(8i0;) . Shown in Figure 1 is shown aﬁ exemplary FTIR spectrum which
has been collected over an exemplary bandwidth of frequencies, shown
onthehorizontal axis, of about 600 to about 1600 re_c‘iprocal centimeters
(cm™) also known as wavenumbers. It will be appréciated 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). Forexample, 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



67, 200- 1000 2002-0703 ~“deconvoluted' is meant 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 “spectrum is neant a plurality of val ues pr«Z}Bo‘}E?iz&Qﬁal to a
measured signal intensity sanpled over ﬁ bandw dt h of frequencies. By the
term FTIR spectra' is meant spectra prB uced by collection of at |east.
one FTIR spectrum by an FTIR spectroneter. Still referring to Figure 1, for
exanmpl e,g# B®o-R@dbYyi dual frequency bandwi dths correspond to characteristic
atom c wgy-algaal 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 about 1078 cm 1. Peak D on the other hand represents a characteristic

o er " PO Sxanol & Al GIEHTIS R Fayar OFFl i 6T i eke i be

under st @8 it SoACIA LAOREE 481 00 N kLU sLISLE AL everal Known

oL o) TR BB LY o LG GEAE! B8 TR T 00T
it is preferable. to collect a transmission spectra, for example
directing the incident IR signal about perpendicular to the oxide
layer thickness. For example, in apreferred 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 meﬁhods 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 producé individual frequéncy bandwidths
(peaks), for example corresponding to an individual atomic frequency

vibrational mode characteristic of silicon dioxide. By the term



13 67, 200-1000 2002-0703 Referring to Figure 2, in an exenplary
enbodi nent, are shown a series of FTIR spectra neasured fromthe sane

targeted nmeasuring area of a siliconoxide Iayeroverlying§ 3#kuﬁ@nnitride
| ayer follow ng successive tinme periods of a CVP process 8 i

successive portions of the overlying s@%icon oxi de |l ayer. For exanple
lines A-1, A-2, A-3, A4, and A-5 repréesent FTIR spectra detected in
transm ssion through the silicon oxide |layer and transformed to absorbance
spectrag7fobbovedy successive CVP tinme periods. Al though the individua

vi br ati gpopodeopeaks foll owi ng a deconvol uti on process are not shown for
clarity, the area of at |east one vibrational node peak area

characteristic of an Si -0 vibrational node is determ ned. For exanple,"
peaks 1 and 3 represent one or nore Si-O vibrational nodes, for exanple

peak 1 repeeseatiirdirai SABYALY Gﬁxﬁoéé%"ﬁ w?ugh\a%% F\%%R%??%gél%g%ggpaggg For

exanpl e peak 1 is deconvolute nto 1 ndivi

det {84,
eterm pgtd Pk RN LA fc%ht?‘g%ﬁt Pﬁa@SSQQ}‘% g:%c?\ ) l?:IJ.lolngg %HFF}I‘?I&%YI ayer

represents a vibrational roman und

Spgc;:sbﬁw%ﬁﬁﬁ%ggtaas a ?Veetf gﬁence pea ar eaélp%% 5?1\émr219ﬁ%e€}&% BT Br

mar gi n. ‘é}ﬂe@ﬂﬁn@”ﬁ@%é@r@ aOElﬁPSlPE§ ef]kra'lﬂxgngfo%%rtlo% ?ktgrae%egguggd
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.

Still referring toFigure 1, for example, the individual frequency
bandwidths correspond to characteristic atomic vibrational mode peaks
that are shown at B, C, and D. For example peak B represents an
Si-0 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
vibrational frequencybandwidth centeredon about 830 cm 'of adifferent
material, for example an underlying layer of silicon nitride. As
will be understood by a practltloner of ordlnary skill, there are
several known methods for deconvoluting spectra into individual
contributing peak (e.g., absorbing) components and may be easily

integrated into a computer program to automate the deconvolution

process.



i ndi vi dual vibrational node peak is determned prior to an oxide 2 8 SEP
2006 14 67,200-1000 2002-0703 |ayer renoval process, for exanple, a CW
process, to forma reference vibrational node area fromwhich a reference
silicon oxide thickness is determned. Followi ng removal of83tpdbtli on of
the oxide |ayer a subsequent vibratio node peak area is determ ned and
a vibrational node peak area ratio of e subsequent vibrational node peak
area to the initial vibrational node peak is determ ned. The vibrational
node peak apgaipgphi o is directly proportional to a renmining portion of

t he OX|ngbaﬁeb3th|ckness t hus allow ng determ nation of both the anount
of the oxide |ayer renoved and the anount of oxide |ayer remaining.
Referring to Figure 3 are absorbance peak area ratio values on the
vertical axis of an exenplary Si -0 vibrational node peak obtained

di t | K t t
Accordi ng {0 pr ot ErTe oo ors O#’h%@%n BaAEy R rgr%f%@&owaeak
area ragi ge¥dbHeSE FRrPl %teE(EQaagghgﬁ;: £9" ke 8%81%,? ?eﬁgelatég g}qqﬁu‘lé{iggn

oxi de thickness, shown oh theé horizon aI aXIS

rel ati OB§Qh%f%1§m&§1$}kﬁe §§¥% (rgkri‘g absor l%%l} & 15234 rl%%%%t' ©

val ues and the silicon oxide knes
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 vibrationél mode peak area
characteristicof anSi-Ovibrational mode is determined. For example,
peaks 1 and 3 represent one or more Si-0 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 layerandis seento :;‘emain 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



oxi de thickness is preferably determ ned by independently determ ning the
oxi de layer thickness, for exanple by viewi ng a sem conductor process
wafer in cross section by scanning electron mcroscopy to Z 8 SEP 2006 15
67, 200- 1000 2002-0703 determine the oxide |ayer thickness {®ISEbWRleg. It
is seen that a linear calibration relationship e.g., line 3A exists
between the silicon oxide thickness ant*the Si-O absorbance peak ratio
obtained according to preferred enbodi nents. In one enbodi ment of the
inventign, 2gh-16gst one of the absorbance peak area ratios (vibrational
peak nodgpargapsatios) is determned froma selected targeted material,

for exanple silicon oxide, and correlated with an independently deternlned
oxi de layer thickness to produce a calibration relationship, for exanple a
mat hemati cal relationship such as a linear relationship allow ng the

i Eii'n2229@55%‘“5’%‘%8&9%%2‘f%ata{*ain‘é@? 2 DR Eorone FeAFFBRgR| on
o oxt 1ot B SrERRGk ot Fran v R A sE Tarrare Hatkom abidonrorkance
or Ceans aeaiBIaR 31 9ouBnd PRSP GE 0S5 a1 geR"
a subsequent vibrational mode peak area is determined and a vibrational
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 ig 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 axisof an exemplary Si-Ovibrational 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, shpwn on the horizonta_l 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



initial absorbance peak area is determined for an initial oxide |ayer

t hi ckness. Thereafter, followng a tinme periods of CWP, subsequent FTIR
nmeasurenents are nmade to determ ne an absorbance peak area and an
absorbance peak area ratio. The absorbance peak area ratip§Ggp Jmet er m ned
with respect to the initial absorbance peak and the Z a SEP 2406 16

67, 200- 1000 2002-0703 <calibration relbBionship then used to determ ne a
present oxide |layer thickness including a renove oxide |ayer thickness and
a renaiggngo pfégi | ayer thickness (anpunt). For exanple, in another
enbod|n§852_8p33 thod of the present invention is inplenented as an
in-line process in a CW system For exanple, one or nore reference

sem conductor wafers having a reference oxide |ayer thickness formng a
process surface may be included in a process where a plurality of wafers

are pol kshed in paralle]l. For exanple, following a first polishing tine
peri od, dggelf%*%ef etﬂbee %T‘Jé?r liayete N Ekngsg ﬁpéh@‘ﬁ%@g ed Ito is sesnbyherI ®
neasurifg stati for. collection of an FTIR _spectra and determ nation of a
renoved oxTde TayErrHiTk s e Eirnshite faiching i6%i @8 leaysist hetkaessthe

Pr ef er abl t he reference wafer js rinsed and dried prior to neasurenent
to eIin?ﬁg}%PQﬂ9§8%§tEgécﬁﬁf%ﬁi%EQ;tﬁﬁe§én@ Frpapengeopesk ratio obtained

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



surface. For exanple, the CMP process may be suspended during the FTIR
measuring process and the reference wafer returned to the CMP polishing
process for continued polishing for a second polishing tine period

foll owed by at |east a second FTIR neasurenent to determ‘nz1§ rmmplnlng
oxi de | ayer thickness. Follow ng at eq the first FTIR réasurenent,
polishing rate is determned to prOject projected 2 8 SEP 2006 17

67, 200- 1000 2002-0703 polishing tinme period to reach a polishing
endp0|ng7 Ibe-{@ference wafer is then returned to the CMP polishing
processzbgg @no#addi tional predeterm ned polishing tine period. A second
FTIR nmeasurenent may optionally be nade to determ ne a second oxi de | ayer
t hi ckness and project a second polishing endpoint time period based on a
remai ni ng -oxide |layer thickness and polishing rate. Follow ng reaching the

D csont o Forr Lo rel SE1 SHARL Bnell 18060 TR lismuisc mirarnr o isiA Fovad |y
subj ect hird F urement to determine an amount of
renalnlﬁgléﬁﬁéﬁf(ﬁﬁﬁﬁggi f%rg%%ﬁ é@“%%ﬁl?geaeFé?ﬁ¥9ﬁﬁséﬂ“%édFFW%h%&ng
‘demlwub§$&éqy gfgﬂfg%n gﬁoﬁeEgOd' The process may be repeated to

ensure substantially conp et removal of the oxide layer. It wll be
appreci ated that several FTIR neasurenents nay

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,
areference 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. Fpr example, the CMP process may be sus‘penAded during the
FTIR measuring process and the referehce 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

'FTIR measurement, apolishing rate is determined to project a projected




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 neasurenents
made through thickness portions of the oxide |ayer at pl@deP g8l ned
positions of the wafer process surface.,Jn another enbodinment, a plurality
of reference (nonitor) wafers are incluUded in the CVMP process one of the
plurality of reference wafers periodically renoved foll ow ng a CVP

pol i shipg, pesipghdor 2 8 SEP 2006 18 67,200-1000 2002-0703 at |east one
FTI R neagypesees to determ ne an oxide |ayer thickness and materi al

renoval rate. For exanple, the CMP polishing process nay continue after
renoving a first reference wafer for FTIR neasurenent for determ nation of
an oxi de renoval thickness and a remmining oxide |ayer thickness. A

| h f 9l i h FT
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initial thickness. For exa

by an By era oo ek Pag g vy erﬁ%'neqfﬁfﬁ 5 Br iR snpe, me

mat er i abpff@@é!ﬂy be made to determine 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 underlying 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 desired CMP over polishing time period. The process |
may be repeated to ensure substantially complete rembval 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

: vhaving & positioning stage to position the reference wafer for FTIR

measurements made through thickness pbrtions of the oxide layer at

predetermined positions of the wafer process surface.

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

wafers periodically removed following a CMP polishing period for



rate is then used to project a remaining polishing tine to renove a
remai ni ng _desired thickness portion of the oxide |layer. Follow ng a second
pol i shing period a second reference wafer is renoved fromggﬁaEMP process
for FTIR nmeasurenent, the first and the second reference warers having
about the sane initial oxide |ayer thif ness. Follow ng the second FTIR
nmeasurenment to determ ne an oxide |ayer-thickness, an updated nateri al
renoval rate (polishing rate) is determned to project an updated

pol i shi iy endpaipgh time period. The CMP polishing process may either

cont i nue gdigrigngar enoval  and perfornmance FTIR measurement of one of the
reference wafers or 2 8 SEP 2906 19 67, 200-1000 2002-0703 may be
suspended dependi ng on polishing tinme and FTIR neasurenent tine
constraints. In another enbodi nent, the FTIR neasurenent nethod of the

present ati N¥EBEI Mk IF TRSRa L&y lé&‘%ﬁ:@%@ﬁﬂei ésr?loa}litj_i 2}%?%%)‘&%%%%;)”4’5\

process. For exanple, in an exenplary SIl  process,
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exanpl e silicon, having an overlying |ayer-o n Al (
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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 dividéd by an initial polishing
time to détermine 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 i:)rocess 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



the silicon wafer substrate 10. A silicon oxide |layer 16 is then bl anket
deposited to backfill the STI trench 14 and forma portion overlying the
silicon nitride layer 12. An initial FTIR nmeasurenment is éh%g made over at
| east one predeterm ned volunme portion of the wafer surfa é %d@%ding to
preferred enbodi nents to determine an jnitial absorbance peak area for the
silicon oxide layer 16. Referring to Ffﬁ%re 4B, a CMP process is then
carried out for a predetermined tinme period to renove a portion of the
silicong@Xh@e-1bgyer 16. A second FTIR nmeasurement is then nmade over the
sanme at polpgagggne predeterm ned vol une portion of the wafer surface to
determ ne a second absorbance peak area. A absorbance peak area ratio is
then 2 8 SEP 2006 20 67, 200-1000 2002-0703 determ ned by dividing the
second absorbance peak area by the first absorbance peak area. The

absor bagge pgak tiQ 1s.then used. ta deternmne a renoved oxide |ayer
portion a?d a rlélﬁg:éﬁ?%% %%éggdlrfiyoé} Hoﬂilcs&ﬂé’gs%lﬂep?’a‘jie%??d HEAFLEEHEL i me
peri od Eqm@eggﬁgtfggntéenaining portion of the oxide layer is determ ned
according to the anount of oxide remmining and a polishing rate either

previously determ ned or based on a newy determ ned polishing rate.
Optionally, at least a third FTIR nmeasurement is made follow ng

Inanotherembodiment,theFTIRneasurementmeth@iofthepresent
inventionisusedjjuashallowtrenchisolation(STI)formationprocess.
For example, in an exemplary STI process, referring to Figure 44,
is shown a side viéew 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
1eastonepredeterminedvolumeportionofthewafersurfacetodetermine

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



a second polishing period to determi ne a second remai ni ng oxi de thickness.
and a second renoved oxide |ayer portion to determ ne an updated polishing
rate and updated projected polishing time period. For exanple, an updated
polishing rate is determned fromthe polishing tinme perjgdpanglfrenoved
oxi de |l ayer portions. An updated projected polishing tine period for
renoval of the oxide layer is projected®Oto carry out a third polishing
time period. Referring to Figure 4C, following a third polishing period,

the silicon,0xi | ayer 16 is preferably substantially renoved.
Prefer a%bg & sequent FTIR neasurenment is carried out to ensure that
t he oxide %ayer 16 is substantially renoved. Subsequent CMP over polishing

may be carried out including a newy updated projected 2 8 SEP 2006 21
67, 200- 1000 2002-0703 polishing tine period to ensure substantial renoval

of the gili i de.| ayer ile mnimzing polishing of the silicon
nitri deé%%/%ﬁ{.h%)rﬁyegéﬁbﬁé? t HEE STk agsggh’%%‘f%@%céﬁﬁélwééleaﬁ)‘smtbance
peak ch istic of silicon oxide is preferably about zero. For

exanpl e?lg%rg%%’(rﬂﬁeo p&i‘?‘r 9Fﬁ8'ouﬁ‘% FAORGEngepkorEed 1rt iRy IothpRospedri c
acid to.regpyve the silicon n'tg%gf | ayer, it is preferable that the

si i con oxide 1ayer aoﬁ‘?‘??/‘fei’fi; PHAS | 139N Batticae apdy ér tg@aining oxide

layer thickness. A projected polishing 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 sedond 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 isdetermined 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



substantially renoved for an inproved wet etching process.. Referring to
Figure 5 is a process flow diagramincluding several enbodinments of the
invention. In process 501, at |east one sem conductor process wafer

provi ded incl udi ng an exposed silicon oxide layer having a8pkRd&lber ni ned
t hi ckness. In process 503A, at |east one FTIR spectra is collected from
the at | east one sem conductor proces Waf er i ncluding at | east one
sanpling area. In process 503B, a deconvolution process is carried out on
the FTI Ry;spgetigog0 deternine a silicon oxide layer thickness and

determ ggpa_prgpected polishing time to endpoint. In process 505, the at
| east one sem conductor process wafer is subjected to a chem cal
mechani cal polish (CMP) process for a predetermned tine period. As

i ndi cated by process direction arrow 507A, optionally at |east a second

FTIR s i ! a rocessed according to processes 503A and
503B tgﬁ %igéké%z 2%8'@ %%tzrgg‘?, ggog’iﬁ%e -aésl’fé%a g%‘f‘%\‘%% ref £hsi piddronxi de
| ayer thi¢ i i updat.ing a,.projected polishing tinme to endpoint,
b or 1orEar e g hLe BB R maop L e et led i Lagpaen frids ozEss. 05
or polishing dpoihnt . kn process 508 as indicated by process

di recti onal é%?%&?S 712'Iﬁhep$58858%568?eiﬂ%t%ﬂﬁdﬁﬁQRﬁﬁiyqqg ekspreanerit to

t he pr,%@&]&%ﬂ@dt%@iggic of silicon oxide is preferably about zero. For

example, priortocarryingout 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 t;he invention. In process 501, at 1least one
semiconductor process wafer is provided including an exposed silicon
oxide layer having a predetermined thickness. 1In process 5033, 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 FTTR spectra to determine

.a silicon oxide 1ayer 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 507a, optionally at least a second FTIR spectra is

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




endpoint. As indicated by directional arrow 507C, follow ng polishing to
endpoint in process 508, optionally additional FTIR spectra are collected
and processed according to processes 503A and 503B to determ ne whet her

endpoi nt has been reached including determning an annuntng%fym?con oxi de
remai ni ng on the polishing surface and _updating the projected polishing
time to endpoint, prior to resumng t CWP polishing process in process
508, as indicated by process directional arrow 507B to polishing endpoint.
The pregerped-eppedi ments, aspects, and features of the invention having
been desghbbgégzit Wi ll be apparent to those skilled in the art that

numer ous vari ations, nodifications, and substitutions nay be nmade w t hout
departing fromthe spirit of the invention as disclosed and further
clainmed below. 2 8 SEP 2006 23 CLAIMS: 1. A nethod for determining a
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process 508, the CMP process is carried out to the projected polishing
endpoint. Asindicatedbydirectional arrow 507C, followingpolishing
to endpoint in procéss 508, optibnally 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.



portion of the FTIR spectrum said FTIR spectrum conprises at |east one
bandwi dt h of frequencies characteristic of an atom c bond vi brational node
of the IR transnissive layer, and said predetermnined cont48 Bift 2086
characteristic vibrational node portion is determ ned according to a
deconvol uted peak area corresponding toy,4he at |east one bandw dth of
frequencies. 2. The nethod according to claim1l, wherein the IR

transm ssive | ayer conprises silicon oxide. 3. The nethod according to
claiml1l or 2, wherein the step of producing at |east one FTIR spectrum
further conprising transforming the EfAMYyectruminto at | east one of
transm ttance and absorbance spectra. 4. The nethod according to any one of
claims 1-3, wherein the step of determning further conprising correlating
the peak area W hbthad foridenandash matdril Biysi MednevBraAimBsive td@frbfd (IR)
transm ssive material to produce a calibration relationship. 2 8 SEP 2006
24 5. Thech@ghite eheayedimgsharicalpplishiag (¥ME) arosgss comprisingthisteRss¥pr i si ng t he
step of carryipng: ' . ' .renove
t Teast a por Py} ofef S StichRERRRGR: bl g bt hraBbREERE G, AT
to claimb5, fupaidg [Romprdysthrogigh liee IR tegmsoiisspredayee to p@dace g1 ddaissdrierfpusid poi nt

for the CVP process fo)Jlowng the step of determ ning an anmount. 7. The
met hod acH%%?%‘r&@r%Tmsﬂﬁ‘Ftr@%% 1-6, wherein the at |east one
sem conduct or H&Eﬁﬁ%@%n%n@of&b?h%ﬁ%g@?& {9Er MREE alBYdiRg 1P ounb e

sane thickness o R transm ssive
of IR energy absorbed by a predetermined contributing characteristic vibrational mode

portion of the FTIR spectrum, said FTIR spectrum comprises at least one bandwidth of
frequencies characteristic of an atomic bond vibrational mode of the IR transmissive layer,
and said predetermined contributing characteristic vibrational mode portion is determined
according to a deconvoluted peak area corresponding to the at least one bandwidth of

frequencies.

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

silicon oxide.

3. The method according to claim 1 or 2, wherein the step of producing at least one
FTIR spectrum further comprising transforming the FTIR spectrum into at least one of

transmittance and absorbance spectra.

4, The method according to any one of claims 1-3, wherein the step of determining
further comprising correlating the peak area with an independently determined amount of

the IR transmissive material to produce a calibration relationship.




8. The method according to any one of clains 5-7, wherein the CVP process
includes a first polishing tinme period foll owed by repeating the steps of
passing IR energy, determ ning an anount and projecting a P@BE§QM@9
endpoint. 9. The nethod according to any one of clains 1-8, wherein the IR
transm ssive layer conprises a shallo rench isolation (STI) silicon

oxi de layer overlying a silicon nitride |ayer. 10. A nethod for
determning a silicon oxide |layer thickness for carrying out a chem cal
mechani cal polish (CWP) process in a sem conductor wafer nmanufacturing
process c6npri Thamethod sstapdimgad anponyoiiilaigqsdt4, fadkr comprisisgitheottetueft or waf er
conprising an exposed silicon oxide. .l - collecting at, | east one JFourier
t r ansf or nFHRIPGPER (hemies) n?ﬁﬂ%‘c‘?q.ll RPYSH @a@é} W@cqs?—%&’ r@ﬂ’é’gﬁﬁ% IF#&?@HIO&OfI east
one sanpl gd [RhkRARIFVeRsfeti on of the silicon oxide layer; determning the
thi ckness of the silicon oxide layer; projecting a polishing endpoint for

the CVP process; 2 8 SEP 2006 25 carrying out the CMP process for a
predet erm.ned tine per,j od: .and repeating the steps,of Lng,

det er ni nimﬁg, and® B}egtoélcatcfc?{amfggf’ Fga\??lﬁghklﬁl r g?r%%nsg g thggtreﬁg) :f hgo(j%éﬁl?gtahe CWP
process. pdlishidpCendPbine tor AeLOMP ptgcdse félloaiing He. stephufideleimmingodn shoungy rate is
determ ned to project the polishing endpoint follow ng at |east two steps

of determining. 12. The method according to claim10 or 11, wherein that at
| east one,sem %ﬁ@%ﬁ{oﬁraccording to any one of claims 1-6, wherein the at least one

semiconductor wafer includes a thickness monitor wafer having about the same thickness

of the IR transmissive layer.

8. The method according to any one of claims 5-7, wherein the CMP process includes
a first polishing time period followed by repeating the steps of passing IR energy,

determining an amount and projecting a polishing endpoint.

9. The method according to any one of claims 1-8, wherein the IR transmissive layer
comprises a shallow trench isolation (STI) silicon oxide layer overlying a silicon nitride

layer.

10. A method for determining a silicon oxide layer thickness for carrying out a
chemical mechanical polish (CMP) process in a semiconductor wafer manufacturing
process comprising the steps of: v

providing at least one semiconductor wafer comprising an exposed silicon oxide
layer;

collecting at least one Fourier transform infrared (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;

projecting a polishing endpoint for the CMP process;




waf er conprises a thickness nonitor wafer for carrying out the step of
collecting in-line during the CW process. 13. The nmethod according to any
one of clainms 10-12, wherein the step of determ ning conprises determ ning
a peak area of at |east one atomic vibrational node charaggegpgpjgc of the
silicon oxide |ayer contributing to an ?Sbsorbance of the at |east one FTIR
spectrum 14. The nethod according to cllaim 13, wherein the at |east one
atom c vibrational node characteristic of the silicon oxide |ayer includes
a peak area having the |argest area. 15. The nethod according to any one
of clai ns 10- 1ldgrryihgoetithe A progess Boempredsterninedtimb period; @adt one sanpl ed

t hi ckness portion includes ssing the IR ener throu a .Sikbi

sem conduct or H@FENET %.Ste%gfacr@?ﬁg}?’ gﬁtgg?l&}%ga[%pr%?lﬁg’%wr@ t!%le (rgrfézSB £b- 15,
wher ein t@g,?ﬁh% b&QRe OXEErocayer conprises a shallow trench isolation (STI)
silicon oxide Tayer overlying a silicon nitride |ayer.

11.  The method according to claim 10, wherein a polishing rate is determined to

project the polishing endpoint following at least two steps of determining.

12.  The method according to claim 10 or 11, 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.

13.  The method according to any one of claims 10-12, wherein the step of determining
comprises determining a peak area of at least one atomic vibrational mode characteristic of

the silicon oxide layer contributing to an absorbance of the at least one FTIR spectrum.

14.  The method according to claim 13, wherein the at least one atomic vibrational

mode characteristic of the silicon oxide layer includes a peak area having the largest area.

15.  The method according to any one of claims 10-14, wherein passing IR energy
through at least one sampled thickness portion includes passing the IR energy through a

silicon semiconductor wafer.

16.  The method according to any one of claims 10-15, wherein the silicon oxide layer
comprises a shallow trench isolation (STI) silicon oxide layer overlying a silicon nitride

layer.



