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Rel ated Applications This application is a divisional application of

Si ngapore Patent Application No. 9702781-7 with filing date of 4 August
1997 and claimng priority fromU. S. Patent Application Sergalrpiogs

08/ 689,930 filed on 16 August 1996. Background This invention rel ates
generally to sem conductor manufacture, and nore particularly to a nethod
for formng a transparent windowin a polishing pad for use in chem cal
mechani cal polishing (CWP). In the process of fabricating nodern
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structures. However, the prior formations often |eave the top surface
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t opogr aphy the wafer can becone even nore irregular, causing further
probl ens as the | ayers stack up during

Background

This invention relates generally to semiconductor
manufacture, and more particularly to a method for forming
a transparent window in a polishing pad for use in chemical

mechanical polishing (CMP).

In the process of fabricating modern semiconductor
integrated circuits (ICs), it is necessary to form various
material layers and structures over previcusly formed
layers and structures. However, the prior formations often
leave the top surface topography of an in-process wafer
nighly irregular, with bumps, areas of unequal elevation,
troughs, trenches, and/or other surface irregularities.

These 1irregularities cause problems when forming the next

layer. For example, when printing a photelithographic
pattern having small geometries over previously formed
layers, a very shallow depth of focus 1is required.

Accordingly, it beccmes essential to have a flat and planar
surface, otherwise, some parts of the pattern will be in
focus and other parts will not. In fact, surface variations
on the order of less than 1000 A over a 25 x 25 mm die
would be preferable. In addition, if the irregularities are

not leveled at each major processing step, the surface



further processing. Depending on the die type and the size of the
geonetries involved, the surface irregularities can |ead to poor yield and
devi ce performance. Consequently, it 1is desirable to effect EEEByPE of

pl anari zation, or leveling, of the $C structures. In fact, nost high
density |1C fabrication techni ques make use of some nethod to forma

pl anari z&ubpmaprgurdmdmeatwa:ﬂ*éﬂ iccad lcpm'dité dver heoreraitifanilar g process.
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across the surta ST ation arm
and/or rotating the wafer against a rotating polishing

platen under a controlled pressure. As shown in Fig. 1, a
typical CMP apparatus 10 includes a polishing head 12 for
holding the semiconductor wafer 14 against the polishing
platen 16. The polishing platen 16 is covered with a pad
18. This pad 18 typically has a backing layer 20 which
interfaces with the surface of the platen and a covering
layer 22 which is used in conjunction with a chemical
polishing slurry to polish the wafer 14. However, some pads
have only a covering layer and no backing layer. The
covering layer 22 'is usually either an open cell foamed
polyurethane (e.g. Rodel IC1000) or a sheet of polyurethane
with a grooved surface (e.g. Rodel EX2000). The pad
material is wetted with the chemical polishing slurry
containing both an abrasive and chemicals. ©One typical
chemical slurry includes KOH (Potassium Hydroxide) and
fumed-silica particles. The platen is usually rotated about
its central axis 24. Ip addition, the polishing head is
usually rotated about its central axis 26, and translated



28. Al though just one polishing head is showm in Fig. 1, CM devices
typically have nore than one of these heads spaced circunferentially
around the polishing platen. A particular problem encountered{(duFEBgiE CVP
process is in the determnation that @ part has been planarized to a
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time consuming and labor-intensive procedure. Alternately,
the examination might have revealed that an excess amount of
material had been removed, rendering the part unusable.
There was, therefore, a need in the art for a device which
could detect when the desired surface characteristics or
thickness had been achieved, in-situ, during the CMP
process.

Several devices and methods have been developed for
the in-situ detection of endpoints during the CMP process.
For instance, devices and methods that are associated with
the use of ultrasonic sound waves, and with the detection of
changes in mechanical resistance, electrical impedance, or
wafer surface temperature, have been employed. These
devices and methods rely on determining the thickness of the
wafer or a layer thereof, and establishing a process
endpoint, by monitoring the change in thickness. In the
case where the surface layer of the wafer is being thinned,

the change in thickness is used to determine when the



surface | ayer has the desired depth. And, in the case of planarizing a
patterned wafer with an irregular surface, the endpoint is determ ned by
moni toring the change in thickness and knowi ng the approxi mat & H&EBh20eF
the surface irreg-ularities. Wien thea change in thickness equals the

depth of the irregularities, the CVW process is termnated. Although these
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second section with a second dinension. A substantially transparent plug
is placed in the aperture. QufdavSt JEOHHLY nvehntliflg Pl ug is positioned in
the first section of the aperture and a second, tion of the plug. is
positioned in thHe SRBVFALsethi Bhe ASPRET apkhe ytverrhiop| ig dirseteded in
the aper tur a. pdd iEREng0Pad fdrmpl MR 10RedhaRida Yo ifdlimyn ng. The
securing C s . N
apparatus. The polishing pad comprises a polishing surface
with an aperture formed therein. The aperture includes a
first section with a first dimension and a second section
with a second dimension. A substantially transparent plug
is positioned in the aperture. The plug has a first portion
positioned in the first section of the aperture and a second
portion positioned in the second section of the aperture.
There is a means for securing the plug in the aperture.

In general, in another aspect, the invention is
directed to a method of forming a polishing pad. An
aperture is formed in the polishing pad such that the
aperture includes a first section with a first dimension and
a second section with a second dimension. A substantially
transparent plug is placed in the aperture. A first portion
of the plug is positioned in the first section of the
aperture and a second portion of the plug is positioned in
the second section of the aperture. The plug is secured in
the aperture.



means may i nclude an adhesive material. The first portion of the plug may
have substantially the sanme dinension as the first section of the
aperture, and the second section of the plug may have substantli &IAES ke
sanme di mensi on as the second section ®f the aperture. The first dinmension

may be | arger ond di nmensi.on may be a ur et hane
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durometer measurement of the second layer. The top surface

of the plug may be coplanar with the polishing surface,

whereas the thickness of the second portion of the plug may

be less than the depth of the second section of the

aperture.

Additional objects and advantages of the invention

will be set forth in the description which follows, and in

part will be obvious from the description, or may be learned

by practice of the invention. The objects and advantages of

the invention may be realized by means of the

instrumentalities and combinations particularly peinted out

in the claims.

Brief Description of the Drawing
The accompanying drawings, which are incorporated

and constitute a part of the specification, schematically
illustrate an embodiment of the invention, and together with
the general description given above and the detailed



the invention. FIG 1 is a side view of a chem cal nmechanical polishing
(CWP) apparatus typical of the prior art. FIG 2 is a side view of a

chem cal mechani cal polishing apparatus w th endpoint det ect i od Sc6RBtHPMct ed
in accordance with the present inventPon. FIGS. 3A-D are sinplified
cross-sectional views of respective enbodi nents of the w ndow portion of
the appéegcgdpsion given ppgow3Esierve diomgxpliads thes wrdwcdp helse of
transpar epke iphegatysed in the wi ndow portion of FIG 3D. FIG 3F is a
sinmplified cross-sectiopal view i|lustrating the assenbly, of the w ndow

portion of FIG > FIEE 3 $ide ¥1ew) oF i _oCkeBteak reFMAICIt ew of a
wi ndow peollishial t(cePippppatratuel tipdcad, cfhenengrieenpefants of a laser

i nterferoneter rajing a laser beam _and detectjn refl ected

i nterference begﬁ@ﬁ 1% oy é‘?‘si‘r’rb?‘ff‘i’gdac?%%%*%%jctrﬁ%%é?nw% of a blank
oxi de wabelibbiing pppereses Wythhendppdmndt deteftiiog. cobstsuivdmst iigal | y
showi ng Lheck-asgk b%ﬁ@higﬂhngE@Q %%-H%%eﬂﬁ%% r and reflection beanms formng
a resultant Interference  beam E b is asinplified top view of the

pl aten of the dpHefatIA-Bfare simplifibed ngrese—srekional reievs el

ar r angengegpbetifen enpedvmeaey 3#d thansAhddwdpordiént B¢ tx@nsor and | aser
interferoneter, FIG s a top view of the platen of the apparatus of

7
Fig. 2, SRBAFAYYS P& Edfve2arrangement between the window and sensor flag,
and the sensor armz! askris whesimphif eddouwp view nof hehehapansparenarc. FI G

511 bR Ul 6, ek IR BiSGgee il apicau 1 on [ accor dance
FIG. 3F is a simplified cross-sectional view
illustrating the assembly of the window portion of FIG. 3D.

FIG. 4 is a simplified cross-sectional view of a
window portion of the apparatus of Fig. 2, showing
components of a laser interferometer generating a laser beanm
and detecting a reflected interference beam.

FIG. 5 is a simplified cross-sectional view of a
blank oxide wafer being processed by the apparatus of Figqg.
2, schematically showing the laser beam impinging on the
wafer and reflection beams forming a resultant interference
beam.

FIG. 6 is a simplified top view of the platen of the
apparatus of Fig. 2, showing one possible relative
arrangement between the window and sensor flag, and the
sensor and laser interferometer.

FIG. 7 is a top view of the platen of the apparatus
of Fig. 2, showing a relative arrangement between the window
and sensor flag, and the sensor and laser, where the window
is in the shape of an arc.

FIG. 8 is a flow chart of a method of piece-wise
data acquisition in accordance with the present invention.



FI GS. 9A-B are graphs showing the cyclic variation in the data signal from
the laser interferonmeter over tine during the thinning of a blﬁgk oxi de
waf er. The graph of Fig. 9A shows the integrated val ues of the at &P Hfnal
integrated over a desired sanple ting, and the graph of Fig. 9B shows a
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the present invention.

FIGS. 11A~C are simplified cross-sectional views of
a patterned wafer with an-irregular surface being processed
by the apparatus of Fig. 2, wherein Fig. 11A shows the wafer
at the beginning of the CMP process, Fig. 11B shows the
wafer about midway through the process, and Fig. 11C shows
the wafer close to the point of planarization.

FIG. 12 is a flow chart diagram of a method of
determining the endpoint of a CMP process to planarize a
patterned wafer with an irreqular surface in accordance with
the present invention.

FIG. 13 is.a graph showing variation in the data
signal from the laser interferometer over time during the
planarization of a patterned wafer.

FIG. 14 is a block diagram of a method of
determining the endpoint of a CMP process to control the
film thickness overlying a particularly sized structure, or
group of similarly sized structures, in accordance with the

present invention.



FIG 15A is a sinplified cross-sectional view of a wafer with a surface

I nperfection being illumnated by a narrowdi aneter | aser beam_ FIG 15B
is a sinplified cross-sectional view of a wafer with a surfaceD38 FEB 2005
i nperfection being illumnated by a wPde-di aneter |aser beam FIG 16 is a

graph showing the _cyclic variation in the data signal fromthe |aser
interferoneter ofEF-tipd 1guRi fHPhefiad ngregs ofeetipnmk BikeWechatrer and

i ncl udi ngrdffed Wiitgh of RGERREY iNpdde ASHIC alied Wil hmd nd@rdnityozm waf er
surface. @é? L?.Es % SC enati& representation of a CVW system i ncl udi ng
an i nt er F&romet X coFSt Faﬂﬁogranned to analyze and respond to the
out put signal of FIGnt ¢pBeisnat einphvLied ncrés&sdéticnal b bek df agr am

er for m eter D duinfack] Anglet, dAt PP Belig " AR SO TR B o s
of an i ntadenddametier diagex be@me interferometer signal after it has been

filtered by a |pysfreguesacy HpagRasRowsss thé L&l ARGy PEatiBh LA Er OBt er
si gnal a&%g%é%{_haa ?F n filtered by a hl%gF f;equency bandpass pass
filter, r ta, &g Eropp the J@ser, AdterdGronetes” SNsk fd™ehe
procedur elrdngyemer aihing idjd dfhen blnkg o idedRalfere aptl dncYkdisystud® t o
Vow o] MILHRERREY HoARE ATasiTOR TR PRECEESR SeTE Fig. 2
enpl oyi ngudf@aqgeol i shing pad as the wi ndow, and showing a reflection from
the backside of i pagl 1615 soéiicls Poptablneloybdidothe cif! i cal
variation in the data signal fromthe |laser interferoneter over tine 9 03
FEB 2005 sYstem 1including an interfercmeter and a computer programmed
to analyze and respond to the output signal of
interferometer waveform.
FIG. 18 is a block diagram showing the functionality
that is implemented within the computer to perform in-situ
monitoring of uniformity.
FIGS. 19(a)-(c) show examples of an interferometer
signal, the interferometer signal after it has been filtered
by a low frequency bandpass pass filter, and the
interferometer signal after it has been filtered by a high
frequency bandpass pass filter, respectively.
FIG. 20(a) -(b) are flow charts showing the
procedure for generating and then using a signature of a CMP
system to qualify it for production use.
FIG. 21(a) is simplified cross-sectional view of an
embodiment of the window portion of the apparatus of Fig. 2
employing the polishing pad as the window, and showing a
reflection from the backside of the pad.
FIG. 21(b) is a graph showing the cyclical variation
in the data signal from the laser interferometer over time



with a | arge DC conponent caused by the reflection fromthe backside of
the pad of the enbodi nent of Fig. 21(a). FIG 21(c) is sinplified
cross-sectional view of an enbodi nent of the w ndow portion off 3B 2005
apparatus of Fig. 2 enploying the pol9shing pad as the window with a

di ffused backside surface to suppress reflections. FIG 21(d) is a graph
showi ng t¥EERR| I2%ge B i conpenent ¢aeseithy sihpmarefilashiane g rthe

i nter f er opRdes i 66 f tEHE@ pdd [HPUEhd NembEd DifeMC SOMIGNEN] ﬁa%)U.Sed by
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backsi de surfac CenySd 15 el GrosErEFCtERERti BEPBn°5f 2Phe
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hol e 30 ikageslde ot ace te heuppresmsredledipnd. the wafer 14 held by a
polishing, head #3cduping)aisPar HraBnoknthsns dheNcgoliobali 9hy ibegend! ess
of the translational position of the head 12. A | aSer |nterFerpneter 32
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pL 0j e?:t edwDyhdle £wé elargdtEe f compdieit Falisedass tdiBidherden ecrdd in
the p atqg

16. and_styr.i ke the surface of the overlying wafer 14 during a
ti me when ?‘HE'SH% Bothe B 22t TH uﬁ‘éf%? e ‘iﬂ#&% Ibeatfq?ﬁle% of the
pl at en hofer Bicanef vilierelddod {menta ¢f neigqwhel {¢) overlies the platen hole
30) are showmn in Figs. 3A-C. As can be seen in Fig. 3A, the platen hole 30
has a stepped dianmeter, thus form ng a shoul der 36. Th shoul der 36 is
used to contain a Peseriphlo ¢F -the RyefexrediEnhod E; as a W ndow

for the laser beaig342 Eepicte! ar hageibel weead the abgheatihé aBdifheaql nsert
38 is sealed so.t hat thehportlo ocfi.the chtem cal s urre/ 40 finding its O
3 EEB 2Oonénl%jccordance with one embodiment of the present invention.

A hole 30 is formed in the platen 16 and the overlying

platen pad 18. This hole 30 is positioned such that it has

a view of the wafer 14 held by a polishing head 12 during a

portion of the platen’'s rotation, regardless of the

translational position of the head 12. A laser

interferometer 32 is fixed below the platen 16 in a position
enabling a laser beam 34 projected by the laser
interferometer 32 to pass through the hole 30 in the platen
16 and strike the surface of the overlying wafer 14 during a
time when the hole 30 is adjacent the wafer 14.

A detailed view of the platen hole 30 and wafer 14
(at a time when it overlies the platen hole 30) are shown in
Figs. 3A-C. As can be seen in Fig. 3A, the platen hole 30
has a stepped diameter, thus forming a shoulder 36. The
shoulder 36 is used to contain and hold a quartz insert 38
which functions as a window for the laser beam 34. The
interface between the platen 16 and the insert 38 is sealed,

so that the portion of the chemical slurry 40 finding its



way between the wafer 14 and insert 38 cannot |eak through to the bottom
of the platen 16. The quartz insert 38 protrudes above the top surface of
the platen 16 and partially into the platen pad 18. This protrt&?OtrEBofUUE he
insert 38 is intended to minimze the §&p between the top surface of the

' t 38 t.h f t fer. 14, I ni m,zi t hi , th
amount o (TSR (PREFEA T T4 MO T i T TP HHAE (eiilhe ageous
because tte the rotytam oot twlastoen t26. | ITHe duants iimgetr agh it, thus
tt ti ] t ' f t 32. Th
attenuatl 2 t{élﬁié@%féo aEB&Z@Oéﬁ e, i £ 20 aﬂig %r?]e;gltaﬂfg-{ e rxﬁm er €

t hi nner t ayer of slurry bet ween t and e wafer 14, the

| ess t he Raelaleanty el plaen rp3d ekf ed ThHsmpueEiNgian ofs thea enuat ed.
It is belifyuact agas of nEdiiaxi @ UE] i di 278N W ghy Seithiedr tHRCGRY abl e
attenuati on val ues dﬁiﬁlnﬁ?the C\VP pr Cﬁ}s)%. However, it is preferable to
nmake thi s R SAE SThE | EhsereRd SHRI PHA SRR ddes Matierad drossi bl e
whi | e stiBy mianmiz iy ttteis g Sfe dossumdtof alairriyhel ovairaippled ain any
time duri t S In t ested i nent. of the resent
i nvention; e%g‘:\oéabng{%e%gln;?c}fe iﬂ%legtlgfﬁlgj’%orus %fc\ﬁaqfese %t 10 mls
(250 gn) sdunryaAQ sterdsrio recatter Hght 38 atmvinarthadaugstta dibsdi nent
of the plal€dhuali %W%é&r'ﬁbéﬁ@mﬂ@é@@%ﬁtﬂé‘ga@&rtz insert has

' [ pad 18.

been elimnated and no throunh- hol e, exists in the i nstead, the
)

backi ng |RASTERF WeteK exent )TRE EnEpRE e Niyerh&dh SIMBWedQ n the area
over |l yi ngodted! thestinserthes Pl ai@nchd Gva fldyt S14 cars 1@y tHee Radatur et hane

ol at en FRS 134,204, LASIFe Do THERoF 1 bl YEf aCHaTe i S SAPURa - in the
covering Tayiss 32likved sailsmnis aapyrox bmste 1y them hasdd beesm i34 ifmom t he
Lol ol RS o onidlYon BE1aE b gl Bt 2Yer 22 W ch
This 03 FiEwexr)y, it is preferable to make this gap even smaller.

The gap should be made as small as possible while still

ensuring the insert 38 does not touch the wafer 14 at any

time during the CMP process. In a tested embodiment of the

present invention, the gap between the insert 38 and wafer

14 was set at 10 mils (250 um) with satisfactory results.

Fig. 3B shows an alternate embodiment of the platen

16 and pad 18. In this embodiment, the quartz insert has

been eliminated and no through-hole exists in the pad 18.

Instead, the backing layer 20 (if present} of the pad 18 has

been removed in the area overlying the hole 30 in the platen

16. This leaves only the polyurethane covering layer 22 of

the pad 18 between the wafer 14 and the bottom of the platen

16. It has been found that the polyurethane material used

in the covering layer 22 will substantially transmit the

laser beam 34 from the laser interferometer 32. Thus, the

portion of the covering layer 22 which overlies the platen

hole 30 functions as a window for the laser beam 34. This



11 alternate arrangenent has significant advantages. First, because the
pad 18 itself is used as the window, there is no appreciable gp
Therefore, very little of the slurry 40 is present to cause t FEB 2005
detrinmental scattering of the laser !Meam Another advantage of this

alternate enbodinent is that pad wear becones irrelevant. In the
first-deddbeFiRteeAd@ngsnenst sy significady aiantavashe Juidstr insert 38
and the wcauskt this patla sasityald as Jsbidd ahdanigiadw, aherdaPabh 18

, thi ds to b |1 er., . E | | t h . | d
bocome SEFFETLNR I | QFCTARAERe Y N SRR AL SRS Torih e
waf er 14 paecsegdndge cause 3ihec elatira mead-ali8 scattsedings dfhahe rideen n t he
al ternat OdiriRHerbdlahtiie B dit HHANGALL AbddLROR ag Wi th  Lhe
al eftects due

Beal!
waf er 14, tahere are no detrine I o the wearing of the pad

18. 1t i $h3% P wean ogoenes dgusdigvanthe dpndine dpastcelgsamidad anspar ent

grooved sHHcGIREMPRT Mg A0S thay Ya PutudEd e Atz BeAMBYS Jess
attenuated . with the tranigggent grooved surface pad.. Accordingly, it is

pr ef er abPR% Fe M3TeT e DEeVyeds RASIRIE t hdPWAKRFetdfane

mat eri al tiheegadn ishevearey,erilig |@iertenfdd e pRdtore wvesi asialaldy.

transm ssj Vv Q e, J.aser bhea I .does contain certain additives, such as
nyl on m CSE“-lrv(')ag‘ﬁ:hé-""rle1 ,' t"190Fi"?iar{:hicrbgi"ltht thse FHhsin sqsrie\?e%né%?t t?‘rﬁ stor?r oblemis

el i m nat @@ﬂﬁ@@@ferﬁhﬁdiinmﬁrtoﬁ& heoulichviantglorkore piaditead Ji4n afidy.da3@ged n this
embodi menty,, t R nde/ i pRPd dTBL kg ' e AR O "t N0 deig it en
hole 30 has been replaced wth a solid pol yurethane plug 42. This plug 42,
whi ch f us@osiaent e BihdRy 1 tife desigmned danmbe dnmgRntecty with

pol yur et ke wateas i18d, Whidite |tk sid ettt GfEsel efue AGS @t ngly, the
ot enuat i gdhd i 5 eSS NP LB A R B e
the opaque open-cell and transparent grooved surface types
of pads have shown that the laser beam is less attenuated
with the transparent grooved surface pad. Accordingly, it
is preferable that this type of pad be employed.
Although the polyurethane material used in the
covering layer of the pad is substantially transmissive to
the laser beam, it does contain certain additives, such as
nylon microspheres, which inhibit its transmissiveness.
This problem is eliminated in the embodiment of the
invention depicted in Fig. 3C. In this embodiment, the
typical pad material in the region overlying the platen hole
30 has been replaced with a solid polyurethane plug 42.
This plug 42, which functions as the window for the laser
beam, is made of a polyurethane material which lacks the
nylon microspheres. Accordingly, the attenuation of the
laser beam 34 through the plug 42 is minimized. The plug 42
may be integrally molded into the pad 18.



12 For exanple, the plug may be fornmed by pouring |iquid polyurethane into
a hole that has been cut in the polishing pad. The liquid polyﬁé 2@5'5
cured to forma plug which is int ally nolded into the polishing p
Alternately, the plug 42 could be gg%forned as a solid insert. This insert

coul d be pl aced t e 0l J d then the
entire assenbly %ékn%?eékﬂchrp%és%1¥ﬁ +A§E%g%% rTal gfﬁg%elﬁ ug 42 and the
mat eri al ldfauide ppdyrzgithgnead nt® @oh@hﬁo@@@ﬁehasmhéﬁntﬁ@t dgsdliel y is

cool ed, LA ikAlivg phiaane Tﬁbuqlﬁ%ﬂaogaloqy@e—eth%@g &@I lardd ded fdihP ot he
pollshln%1 ad. However, mat eri al &g I sh |ng pad 18, and
I

specific Fﬁé0h06§eﬁpﬁ&gF§9éﬁ 2914%9 &PFP@ &t POAIHIRG Raeri al of the
pol yur et hanerplatel4?. thieepaugr azmﬁwmlrdheaeamlfbh-mejds a@Uke@&olildhe nateri al

of the pl, te tQ.caon ract bu kle t he r, down. This
causes elg%gfga cggiﬁhﬁgﬁef ﬁ eFuﬁPytg% gqghﬁ?é%?%ﬁlcan damage
t he mafeP014shR@§epaﬂn@a¢@rﬁBGS ama tihenariieh entdmrieo dismemblya condd | eve
bl ug 600 pieS i3l 's%n%g.a'tnt 0° AU UG P B1AIOUS e et en hol e 3.

The two-1evel or ne relati transparent materia

pl.u
whi ch ac@@tﬁé'lélvw’lfd&ﬂef Pperlishdndapad B@arhonﬂhéoﬁﬁﬁ:@ﬁral dhemh&heno- | evel

pl ug 600 a@a¥mH1§ dsSdshaat,i anly pmwﬁ%méweew@ge 43V duald &d rom Rodel of
Newar k, Ne Jer : ug%ﬁpgthe pr.oduct nane Such a terial is

cheni cal RGeS, inge foE dRldghiRgoPads, élt‘?a’eé’re&'deé: t he sane
rate as mhﬁemahnshﬁnghpagoliﬁmiﬂgmpddemml pndg spee iificialdgs tare upper pl ug
portion GQge r%g, ﬁa&%‘éﬁ ggp' 4e %ﬁ@fe%n@o%rolgh%h'ép%%%e@&%q} RY W 602 fits

into a hole or e coverin

he |ower plug
portion ®@Ayures a@@opéuﬁol‘lé -or Téqseé'mfﬁgreeswem ithieh @ sigeadi Ly usawrezﬁ The
top surfage GREeiaIhURPR p Q 2P Yelrnidd 80 & dntraed AR budkie Wi top

surface %%AQ%J:%e pobyshlngT%l 18. Theretgpy be a g%£]610 bet ween t he

| ower p or down. 1s causes elther a cup can
accunmulate slurry or a bump which can damage the wafer 14.

Referring to FIGS. 3D, in another embodiment, a two-

1eve1.p1ug 600 is positioned in the polishing pad 18 above
the platen hole 30. The two-level plug 600 is formed of a
relatively transparent material which acts as a window for
the laser beam. The material of the two-level plug 600 may
be a substantially pure polyurethane available from Rodel of
Newark, New Jersey, under the product name EX-2000. Such a
material is chemically inert vis-a-vis the polishing
process, and erodes at the same rate as the polishing pad.
The two-level plug 600 includes an upper plug portion 602
and a lower plug portion 604. The upper plug portion 602
fits into a hole or opening 630 in the covering layer 22 and
the lower plug portion 604 fits into a hole or opening 632
in the backing layer 20. The top surface 606 of the upper
plug portion 602 is co-planar with the top surface 23 of the
polishing pad 18. There may be a gap 610 between the lower



13 0 3 FEB 2005 surface 608 of the | ower plug portion 604 and the top
surface 17 of the platen 16. The application of a |load fromthe wafer 14 on
the polishing pad 18 will cause the backing |ayer 20 to conpf &sB:B s,
the width of the gap 610 will decréase. The gap 610 is selected to be
sufficiently wide that the |ower surface 608 will not contact the upper
surf ace Burfiace O |afi drhel 6 owareplivy tivg tvafre 6084 argl s tiiagned over the

pl aten haohg e e dORMIYBREPUEG contacts the wafer 14 but, due to the
gap 610, does not exert_préssure on it. Therefore, the denser nmterial of

the two-1evel pl 'EBQGBBpléISQEJ-ﬁBt ofraalead foem T—l}el‘fiéféﬁséél PBatiheThus, the
t wo- |eVQ$o]ﬂlSlg.rﬁjJQJa1i)€:§B nmlladseafé@lﬁheafﬂawmﬁm 4 9y R of  the waf er

14. Referrin to FI u nd 3F, .t he I|sh|n . be assenbl ed as
fol | ows. S e J}%d‘b‘q? Shadiion SRR |"dé§‘ destrerssn i d pi ece
of pol yur'létEhega@ A0 Jeqoesallﬂoa:eﬁ!lz:o Pec ufifiitcd emtiyl nslldenghzetd tHe

Al t er nat d rall W e
aperture 612. St #%@e‘% fél;dré; 6ﬂ§ rﬂ]% lr%h%%m%%gegtﬁ) r?\sé rgi‘{n"'qﬁ%dcfl rs-}tﬁ| c}sect i on of
the aper tihe Ri@tese ke gusare @30-hean vafarelidd s ppsitipnadl qurr ddvond

section qf1dthm aAd WE Mhe BOP R & G Idaﬁé&%é;acdﬂéﬁ%@ie&@o The
aperture 612 natches t he shdfe of _two-level plug 600. The plug may be in

the for mBF-radiie&ft » dogss nedyisrFrd Presstre @bsidksect i onal
areas. Smairfdfald,y, tnmelerrsaas—nfamﬁnmmlof ajmat@;fo-tlfweilowugolatg) portion

604 may ar, the seglional he. uppe _g portion
602. TheQﬁhﬁgégﬁ%éﬂ§%§HtlonQ§¥?§ ‘ﬂﬁﬁ% a Igﬁ q%b I nches

and a heilfivelHplafg Afsutda®E6 nq‘tcmbiemllmwétfe}mmg:hepmqllmw Oﬁay have a
length L3ny Rt 14 2 inches and a height H of about 0.7 inches. Thus,

the | ower plug portion, L
Referring to FIGS. 3E and 3F, the polishing pad 18

may be assembled as follows. The two-level plug 600 is
machined or molded from a solid piece of polyurethane. An
aperture 612 is cut into a polishing pad 18. Alternately,
the polishing pad 18 may be integrally molded with the
aperture 612. The aperture 612 includes two sections. The
first section of the aperture may be the hole 630 in
covering layer 22 and the second section of the aperture may
be the hole 632 in the backing layer 20. The aperture 612
matches the shape of two-level plug 600. The plug may be in
the form of adjacent rectangular slabs having different
cross-sectional areas. Specifically, the cross-sectional
area of the lower plug portion 604 may be larger than the
cross-sectional area of the upper plug portion 602. The
upper plug portion 602 may have a length L, of about 2.0
inches and a height H; of about 0.5 inches The lower plug
portion 604 may have a length L, of about 2.2 inches and a
height H, of about 0.7 inches. Thus, the lower plug portion



0 3 FEB 2005 14 604 extends beyond the upper plug portion 602 to forma
rim 616 having a wwdth WL of about 0.1 inches. The plug may bg b %ed
so that its longitudinal axis lies along a radius of the poli ﬁi 5 gﬂ .
Al t hough FIGS. 3D-F show t he upper ]Lf'g portion 602 as havi ng a smaller

Cross- Seﬁbhoﬂﬁﬁ:eﬂﬁﬁabekﬂﬂﬁ the lupﬁ%ﬁ: gELHIQOEBH;hBH @9% Bhké

necessary | nst ead aer 602 nma e snal e Ean t he
lover pl G3SpBAVADH B0MAathe Wurpbralptly ot tiashene. HEe PLUG RIS T1
equal tootmentaackaeEQan1egvathchaxaal2axlsl1ees abeny hi khMigkls. Thus,
t he thlckg EE ;é ﬁqual g ﬁ g ﬁth D1 of the first ectlon of the

aper tur e® € PBwePpEg PR rtlé tBEUINs FLfiPnndP~FhERo¥hENBalRPRY | ayer 20
by aboutpleg pbrsiomheoRower hakiggpar smadlef4cragshaeetdontlli ekeass T2 of
about fo. S I a th D2 of the
second sé% Pg%h§f1§ﬂ3§ g&ﬁﬁthﬁkﬁﬁ h %8EésF§ésn% nglﬂg%ggsggglaced on the
rimoelc &hstepd,| ther uppgg paugi pnrsmn $Aé mdWebevempidieri §haslfheay be
an el astQseatcpmalt;yaaﬁwanesaua' ! @htﬂ.eu%b@@ Eﬁ{&aﬂﬁor{:%}ls%bbeﬁagf avan Nuys,

Cal i forni a under nane her adhesive materials, such
as rubbeFhdekBRESOF: eflabdkg, theythidness REFIWIINME MRS 22/ materi al

614. An area,63Boqf Hi?tynﬁ?dl%l deralisGO¥BRl BHiERWBES2®, | Bs &dneRDeEb by
scrapi ng, of f an¥nadhe3|ve debris and mashl the area with acetone. Then

the two- FBGefeBFlgleRf i the nkErbSef o 19k W raRFES WIS unt?® the rim 616
of plug @6feeopliagt portienacea 6&8thafinhke phhhsbhagbperihg. 1akes cont act

square 1 ROna5BHecBRRT ndastche, 3BREE" RIRUT bl 16k 8 R, BalnBRYE B o vetn
upper pl thipknessnTs02f amdoutofertngnibyer Pusr thee videicknees P g portion
604 and ;packifdn! 8KE" aeBtn bl €8s Al EVE LAY Sa Ale LOPSR LEFPERGL Ur e, the

aperture,

An adhesive material 614 is placed on the rim 616 of

the lower plug portion 604. The adhesive material 614 may

be an elastomeric polyurethane available from Berman

Industries of Van Nuys, California under the trade name WC-

575 A/B. Other adhesive materials, such as rubber cement or

an epoxy, may also be used for the adhesive material 614.

An area 618 on the underside of covering layer 22 is

cleaned by scraping off any adhesive debris and washing the

area with acetone. Then the two-level plug 600 is inserted

into the aperture 612 until the rim 616 of plug 600 contacts

the area 618 of the polishing pad 18. This contact area is

pPlaced under a load of approximately fifteen to twenty

pounds per square inch. This forces the adhesive material

614 into the gaps between upper plug portion 602 and

covering layer 22 or between lower plug portion 604 and

backing layer 20. After a few days at room temperature, the



15 03 FEB 2005 adhesive material 614 will have cured and the plug 600 wil|
be fixed in the aperture 612. The adhesive material 614 could be cured

nmore quickly by the application of heat, but an excessive terpériiBups may
def orm t he backing material 20. There rray be grooves or pores 620 cut into

the cover 22 .of t pal.i pad 8 t ovr I npr.oved
slurry dlasd(hre%&Yﬁy&?teFﬁ'&]e %‘r eéz@nd q%éﬁleld- above
t he | owemeplfiigedorimi dmeG(h@emtrure f61l2| .ed Thid ladhemive mfalt;amei]h&ne; mat eri al

622 t | 00 W | ef t
ungroovewBecauseuH%ere are %l%gflag\%gé%e ggﬁl\gs%srtghs in li%hg: ‘ar eg-' of the
t wo- | eveRIplexFesFd Ve Ranpera iy e amaymdefidon thef baaking waiter iedul2® -bl ock

the | aser beam 3fnefWrhag bbe rSQOQétanbaﬂeQr@§€Séut' ﬂn&\eleﬁ ed pad
?op surface 23 t he covering er 22 to

d d th
ostor o CRYeTUSGNAAE 32 e SO IR IFH P8, 18060 B SRR EST06 of

t wo- |eve|nmmgrem&mﬂﬂy bH.Siﬁfla:hﬂﬁde ancbhetyea@e@ov%ec@xs ot Ypeet hane i's
not

diff f t t f 606 | |
2 ani 11 cHIRET SFFLCRIED AHTE dhee Aok R B8 SR A orfier 32 The
wi ndow prfa\lrl@dd woy:ht lze prame Ipexlarurmtl@r@()ma'qara‘adntﬁsazt he Iac @ddiltdtamgn of
slurry ahqge dope sga'r%ta% Qe o@éclh‘@ tQJEhCl qh? eldde ilASRgdeam 34. The

plug 600 Is forne of a materi ally reS|stant to the
slurry AGNIZR@VEed -chEFCAASey thexiq axes g Grooves 93 |d§mrr?§5r}r<-‘m§e§-si The

pl ug erodew &trehheafsazm Ao 13 1IN 1R le 0¥f, iMRrePald Y RERAh1kEichhe plug
is seal ed W hlnth erture ent. the | eakage of the slurry 40 into
the plat &F é.lué'rysar dpttﬁﬁ’#a&'\"ﬁe 15ssreLEaR gd’ ‘or BAINY Fhehaf er
from expenddridiond ng Ipam@elsgs | riey edsieth laogchd lc:rmﬂrie:uaine&n,gr&rﬂ@myar at us
D aceo RO Shltite MR RN 9575 SRR 1 e

roughness of the polishing pad 18, the top surface 606 of

two-level plug 600 will be scratched and abraded. Because

polyurethane is a diffusive material, the abrasion of the

top surface 606 will not significantly affect the

prerformance of the laser interferometer 32.

The window provided by the two-level plug 600

prevents the accumulation of slurry above the platen hole 30

which could block the laser beam 34. The plug 600 is formed

of a material which is chemically resistant to the slurry 40

and is chemically inert vis-a-vis the polishing process.

The plug erodes at the same rate as the rest of the

polishing pad 18. The plug is sealed within the aperture to

prevent the leakage of the slurry 40 into the platen hole

30, and the plug may be depressed to prevent the wafer from

experiencing a locally increased load.

In operation, a CMP apparatus in accordance with the
present invention uses the laser beam from the laser

interferometer to determine the amount of material removed



03 FEB 2005 16 fromthe surface of the wafer, or to determ ne when the
surface has becone planarized. The begi nning of this process will be
explained in reference to Fig 4. It is noted that a | aser and 88l FEBndeosr
44, beam splitter 46, and det ectorld8 are depicted as el emants of the

Iaser | L&y, ne tqo facijitate the errentloned
expl anat | on of ht%%{)fea% I on ‘%* s’ﬁa Oraptpoardaettesrml%e w&ﬁq . the
enbodi mergurfiacs gla%h%qqmq)mlr@anmdwamme iregHimn 38y axf £hviisidow i s shown
for conveice® widl aras1difedlonl Cﬁ@&féﬁﬁé QY Py I S Jeusis one

possi bl e arra%errent othérs can be enpl oyed. For instance, any of the
af or ement? g’é?%rﬂ%lle’dm??rbé%nﬁeciﬂb(ﬁphaﬁﬁ?%l%%r e
enbodi rerlet eftdrnerd asey deqsﬁfﬁéﬁ (Hﬁétéilrerr?éh‘tﬁd ebf ﬂﬂ&ﬁlltﬁéér One alternate
|nterfero1 ter arrar)c%m‘zﬁ0 | .d useal aﬂzuc%a beam which is
i nci dent *3h etrrfe Ac & of Shatrerdodt § 1€ enbodi nent, a
det ect or am;cleuhelm:md |e(x11=khr&ttmrpmmtthmemeﬂatgmn ofefilectdMpy from t he
waf er woyl 0 b r hi s
al ter natepg’r?lbl%g:I L n“d‘%’l '}%}}atﬁigg éﬂﬁié&lﬂzf’e Eh %ﬁer%;‘u‘d{pﬂﬁ tor
44 gener &he guadtz fmsary éis‘?eraﬂ)@ammqmllcﬁh shpvmdate monyen encd .over
portion @ff tdxarkeamigid 'déﬁrct"eﬁi AUt 1n e jeamBRéd gyapagal es

t hrough t he beam spl itter 46 and _the uartz |nsert 38. once this portion of
beam 34 [PFRANTEMENT,SHEeshFaR k&R d3g FQn iNshaneR eeMhitugh t he
slurry 4he ambnenan'lgemem wiicurdmemgindrts wahad ke celowier 14, as

over |y ng S Bisdrhaeemdfihdhe 3 e Biad Gh G tSoteh 27 iten
i npi nges pessifd e .waftne pltgddnatse inhanfatonets estrmhganante wankdace of the
oxi de | ay@fe 32 1a&dr08 plddiide £UEMH %1@?‘@554111&1%’@&4?%11 thdortion of

the light wll also be transmtted through
surface of the wafer at an angle. In this embodiment, a

detector would be positioned at a point where light

reflecting from the wafer would impinge upon it. No beanm
splitter would be required in this alternate embodiment.

As illustrated in Fig. 4, the laser and collimator
44 generate a collimated laser beam 34 which is incident on
the lower portion of the beam splitter 46. A portion of the
beam 34 propagates through the beam splitter 46 and the
guartz insert 38. Once this portion of beam 34 leaves the
upper end of the insert 38, it propagates through the slurry
40, and impinges on the surface of the wafer 14. The wafer
14, as shown in detail in Fig. 5 has a substrate 50 made of
silicon and an overlying oxide layer 52 (i.e. Si0,).

The portion of the beam 34 which impinges on the
wafer 14 will be partially reflected at the surface of the
oxide layer 52 to form a first reflected beam 54. However,
a portion of the light will also be transmitted through the



0O 3 FEB 2005 17 oxide layer 52 to forma transmtted beam 56 which

| npi nges on the underlying substrate 50. At |east sone of the light from
the transmtted beam 56 reaching the substrate 50 will be reflBeEEedpisack

t hrough the oxide layer 52 to forma,-second reflected beam 58. The first
and second reflected beans 54, 58 interfere with each other constructively
or dest rmxdwdwmr@?]ckmgfmtmetlrarpmasletecblla&amM|ml¢m impinges

resul t antopegHa GehadWsf fn F@Jw@é&é%ﬁ Lgﬁ’@m&i sdifd BE | {e & gt T on of

the thickness of the oxide | ayer 52 ove-descri

enbodi mentT VhptRF LrpnSRItEed %‘%ﬁi%tfl"ét'ée%"ﬂp% theFubshaafee |29 ef11) hose
skilled be idElertedvibdck eangnige the dﬁ@éfﬂﬁfﬁ%zi)rweﬁ@rﬂw| d also

occur with oth st,rat es and_ot he de | aye is that the
oxi de | ayer-¢ cftx]' aﬁb‘i/cq’ee'# e%%af% Iy ’%Jall'ﬁty %/’?élr%"?ﬁ ‘é‘?‘%l?cl’lfeegubst rate
at | east lpzams aEM,y 58 efntpext®erd heltturpeartgn rm:rbaamoﬂstzamwaly dhe
interfer e f |

| ayers overi ying t ﬁ %u RT c?ﬂl&,%rgpﬁlléll eac%fg)le{ilgleaeE Ol\%ﬁ{a‘? rmt!CI[’ PA&
reflecti v Téﬁﬁjlﬁdémﬁ dream 1§Qnsrhene ighe @hmln%\lﬂtlonﬁmm ek®nce beam Wil |

be creat qshﬁdzt ah fdnd&ién b$r acné b Al ¥ dHie &@{éécwfezbeﬁts from
all the layer a é(Jj[?#_xhe substrate. Referrlngﬁa gain to Fi can be seen

the resultant b SBgPepF€§eﬁPPH§'Fﬁ§cEé EnsPPeAiBentHEmPleYE agngd
second r edikided shﬁmaée @&HHQSl@l@rﬁpﬁgﬁtBﬁy&ﬁ,thhdﬁ osigild@ slurry

40 and t [ h OI’IIOI’] he beam splitt 46. The
e ool 15 (REEr e £ 0 SOSAPARL IO Heddits ISRIER hoda s The
det ect or a&ﬁo'ﬁﬂpqﬁeﬁkﬁh]ﬁthﬁtlsmgﬁnmﬁﬂéw'&nﬂrqnnﬂrrqyxﬂmll@wem@ CWVP

process. THIENEP s £k PR 60k I10d C1adfeV pdrOfH 11 P PectVd CYh@T the wafer
14 durlngppart of 1ts rotation

artially transmits, and the substrate at least partially
reflects, the impinging beam. In addition, the interference
process may also be applicable to wafers with multiple
layers overlying the substrate. Again, if each layer is
partially reflective and partially transmissive, a resultant
interference beam will be created, although it will be a
combination of the reflected beams from all the layer and
the substrate.

Referring again to Fig. 4, it can be seen the
resultant beam 60 representing the combination of the first
and second reflected beams 54, 58 (Fig. 5) propagates back
through the slurry 40 and the insert 38, to the upper
portion of the beam splitter 46. The beam splitter 46
diverts a portion of the resultant beam 60 towards the
detector 48.

The platen 16 will typically be rotating during the
CMP process. Therefore, the platen hole 30 will only have a
view of the wafer 14 during part of its rotation.
Accordingly, the detection signal from the laser



Accordingly, the detection signal fromthe |aser 03 FEB 2005 18
interferoneter 32 should only be sanpled when the wafer 14 is inpinged by
the | aser beam 34. It is inportant that the detection signal hotFER 5
sanpl ed when the | aser beam 34 is Ptlally transmtted through the hole
30, as when a portion is blocked by the bottomof the platen 16 at the
hol e's dagerfprometert ARsshoulldcendy bensanplelll vheni thei waflke 1si gnal. To

prevent HQ'imBEHGEBaBPeEthia§e90555h0943en§9r1sa9ﬂgggkgusegﬁage%

i ncor por at ed. ' An BFOXIﬁlty sensor cou sucﬁeas Hal
ef fect, 9&&?°E&PFeﬁﬂgnaépPP§a elﬁﬁ@Pl@ﬁtUhenothacéa§ﬁrcb§QNSéﬂ isl t hough an

opti cal pamteaumyterahﬁﬁet&easehrbﬁ hUEﬁd hB1Ehgo! eakegnenbadigerisn of the
i nvention agﬂ m% E EE wi hg gures t hat ol I ow. An_appar at us
accor di ngy PL8CERE BYeLBft PP BHtPSn poPlatRBnLEnRE Fhet helraser

i nt er f er edgeer b82auseshhins willFoguse, cohshidepabpei aalisentiar thpt er type
sensor 62 . | P@l. unted on a fixe Qi nt _gn

chassi s & éﬁag Ckgnﬁgeg%ggsggg % ?£ FD "é“%reﬂ/BPsﬁﬁégBeFFBﬁ8Fa| edge
of the pREParategs mﬁﬁsbeypelocospnsatedz |BHHCWeQAtEdownhpnoammmpylcal beam

it gener S r Hdp ShLi e | a ched to the
perlphergbg§°t Cbﬁéia?gnhggd AsuEHo?%tﬁg%iag?g% %éngdgﬁdbﬁrghhﬁ ‘of the flag

64 is naBBt§GEH R rFPPFﬁFerPEpP§°Pﬁ51§eﬁ§BF°§'oﬁﬂFB&PghsPQnaptéﬁP} when
t he Iaseinheaﬂuﬁéefrﬁypbhsehaserwasnhgébeiﬁnehértagtéa eapBhghehys

transmtied,_thr he reviousl y-descri bed w ndqow structure 66. For
exanpl e, Bﬁ thshgﬁg %lﬁp 8h é WFEZ §8n§§Pw82180€$8 gégﬁﬁﬁﬁt%ga%dianetricalIy
opp05|tefphéOWaseAnlappafetuaeaecoSﬁihglyrtbathenpresehe daneatioh t he

platen 1gor lBgnbh2ln®d:4guttle gs@}t?ﬁggngPO%gEe$h§EeQslgﬁbgp jRosLH on

dlanetrlcally opposite ow structure e flag 64
woul d be éﬁprBX|H&F€I9nd€PFh€61bynFRErHBFPEthPﬁe§9880r 82 (e.qg.

LED/photodiode pair) mounted on a fixed point on the chassis
of the CMP device such that it has a view of the peripheral
edge of the platen 16. This type of sensor 62 is activated
when an optical beam it generates is interrupted. A
position sensor flag 64 is attached to the periphery of the
platen 16. The point of attachment and length of the flag
64 is made such that it interrupts the sensor's optical
signal only when the laser beam 34 from the laser
interferometer 32 is completely transmitted through the
previously-described window structure 66. For example, as
shown in Fig. 6, the sensor 62 could be mounted
diametrically opposite the laser interferometer 32 in
relation to the center of the platen 16. The flag 64 would
be attached to the platen 16 in a position diametrically
opposite the window structure 66. The length of the flag 64
would be approximately defined by the dotted lines 62,
although, the exact length of the flag 64 would be fine

tuned to ensure the laser beam is completely unblocked by



al t hough, the exact length of the flag 64 would be fine tuned to ensure
the | aser beamis conpletely unbl ocked by 19 03 FEB 2005 the platen 16
during the entire time the flag 64 is sensed by the sensor 62. UFniEB 20t5e
tuni ng woul d conpensate for any posi%don sensor noise or inaccuracy, the
responsi veness of the |aser interferonmeter 32, etc. Once the sensor 62 has
been act gt &datensilgnfuriinggdher gnsdrantinei shgs8dago64dasesshsednhen t he

det ect or pyi @nal sehedrt k2. nidhikerqRRt €Gnidd Woula BempefRhed £Bat any
acqui sition ,systens capabl e of using the position sensor signal to sanple

the | aseP9SH e SEMSCET NOSGn AL ABACRYT PREs e thenEESRABRIVRBERE! F i s
vi si bl e tthet NasdradeteiFanometerwskl, kiewn oAckhehar keaBdrdeznabsf orm a

novel part of .t I nt. inventign. Accordingly. .det ai |.ed description
will not eggbfﬁgﬁvﬁggﬁﬁn? ﬁ&ﬁ@?@r1§oﬁ8“358§85d3ﬁ5Fﬁoﬁ§ 97881 &°be taken into
account deterydsienyhem thepdetecibr sjignain fEom thanphteriferomepeesf erred
that the3;5iignqls PeOWalpa dant erferoneter be integrated over a period of
time. This integration rnproves the signal-to-noise ratio by averaging the

hi gh frequency A% Jw@RLEHelon rReghens rpato Rt MENAKRR has various
causes, péitddn Wehisdlr @ignadmtbheamptat B8 9hskheipkatearandresf er, and
vari ations |n1; e surfg.e of . t.he wa erngge t o _unequal . ggﬁnarlz%hlon. I n
t he apparafiié-d&8& e iﬁﬁﬁvglPﬁé wBeBnEREr Bt erndSqiartP 1 hGow ®and t he
speed of lastkat beamyf arehereillakaownwihl tiet arti aadhdw hokgfarpeni od of time
'S ava'h%Qhﬁ g%&%ngfa%ﬁeggﬁe%%kﬁt&30e8¥i%ﬁ? Ph@&%@d&ﬂggptegfate the
si gnal . wever, under sone circunstances, this "avai é tinme nay not be
adequat e defrad lieds descd indiorawddt abtebsi gaxent beneiise r HoWgverglemeequire
a | onger condiaehaiti¥hs istRul1el veheakBheiheeCactbaft! 1% efBLRYAY A 2
chosen data acqyi sition s¥1ten1nay require . a -mnimum

appropriate system. For example, it is preferred that the

signal from the interferometer be integrated over a period

of time. This integration improves the signal-to-noise

ratio by averaging the high frequency noise over the

integration period. This noise has various causes, such as

vibration from the rotation of the platen and wafer, and

variations in the surface of the wafer due to unequal

planarization. In the apparatus described above the

diameter of the quartz window, and the speed of rotation of

the platen, will determine how long a period of time is

available during any one rotation of the platen to integrate

the signal. However, under some circumstances, this

available time may not be adequate. For instance, an

acceptable signal-to-noise ratio might require a longer

integration time, or the interface circuitry employed in a

chosen data acquisition system may require a minimum

integration time which exceeds that which is available in

one pass.
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structure 66

on time which exceeds that which is available in one pass.
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One solution to this problemis to extend the platen hole along
the direction of rotation of the platen. In other words, the yigngpmw

arc, as showmn in Fig. 7. O course, the flag 64" is expanded to
accommodat e the Ohengeluhindomosthﬂstprebﬁém id tereatend , thdeplateiow coul d

r unt to the
at en J&Ject‘{]edlbei oW téﬁrvmtrﬁ’ At notéﬁ%?gcgﬁat appar at us
woul d ha\Fé:htet? oA fﬁfw ‘tlé’doa’c@&m@ ©1pe (At @rfemm‘ﬂ:er padl,0@1t he

pl aten, fiﬂd.tg)pru%ﬂﬁi ke \BH driedchale BE E%d%rtco raQUEﬁotqtte iHCFelon,
terferong éﬁatdu1 wever, the net result of "either nethod would be

remain t
rotating p

frontthe
to | engtl

G et

W 2005

(i.e. insert, pad, or pia¢g) would take on the shape of "an

si gnal

ag §4n 1S #FPangedeXon acEPBRRAAsR &P he pl at en.

Al t hough Jcangirhaninipuw tsa:rpicaim lba! € and teirmd®elys thdvaihdgeoddulidt does
S A0S S 295158, Tageh SRR Rtder METECHE [ 0% 12

sonmewhat

planarlzatlon I s de redse

ie the

wi ndow ¢wmnﬁydaqnnthanrqﬁatﬂng|@L@b@m sirecailiyobelow &tiéi wiadowt.he |ength
of the p' fwlean ’Eg?»tar%%be% g Rexands Haend g&%ieﬁf tbhe
waf er, e data sa one when the w ndow i1s beyond

t he edgeQﬂCQNQQQQﬁQcherkﬂﬁﬁQQQE9§ﬁ&Prth@hwﬁféhespﬂﬁaﬁghaﬁpénal p05|t|on

merﬁfﬂ] q;rdldit%lcﬁmtdb@d tﬂmreewmedaaaleatt@wrwt@ R qwiedewr or the tine
I C e .pl a

R S g s S

pr ef er r e irmdtehn cnedfhasb tvivlicdh gpe a:cd:edrteam;&néaxt &hac daitsi anusnttag:mattume time

transl ati

is to col

62 teddif rAR AN PR RAReAE Tevol ution of the platen.
Although lengthening the platen hole and window is

advantageous, it does somewhat reduce the surface area of
the platen pad. Therefore, the rate of planarization is
decreased in the areas of the disk which overlie the window
during a portion of the platen’'s rotation. In addition, the
length of the platen hole and window must not extend beyond
the edges of the wafer, and the data sampling must not be
done when the window is beyond the edge of the wafer,
regardless of the wafer's translational position.
Therefore, the length of the expanded platen hole and
window, or the time which the platen-mounted interferometer
can be sampled, is limited by any translational movement of
the polishing head.

Accordingly, a more preferred method of obtaining
adequate data acquisition integration time is to collect the
data over more than one revolution of the platen. In
reference to Fig. 8, during step 102, the laser
interferometer signal is sampled during the available data

acquisition time in each rotation of the platen. Next, in

In



reference to Fig. 8, during step 102, the laser interferoneter signal is
sanpl ed during the avail abl e data quisition tinme in each I’Otﬂtl fPp %sthe
pl aten. Next, in 21 03 FEB 2905 ste% 104 and 106, each sanpl ed si gnhal [?

i ntegrated over the aforenentioned data acquisition tine, and the

i nt egr at esteps| L% and L06; eercheampled st iapm 1108 airrttel;‘lﬁhtai aivad at ive

sanpl e 1i#ike | S Sumet£bdd %a@éC%QQWiﬂ& el “telrﬂi‘ rh-?elqgj and

conpared to a desired m nimum sanp tinme. O course, Constitute

only one @He anecStoredn| yTher, shipfeepmsl tFeand é1k3éh af feunvdladuvie at i ve

sanpl e  tsamp Be|Uplbe Of s XSHSEISed @f@l@ﬁléﬁh BN IEBes AR At iBh dihen the
stored Hy#éeq a% d val ues are tr néferr and, summed, as shown in step 112.
I f not, %ré Ht S%W?If:ﬁf? ? it Ty PRI SR MRy ¢ he

cunul at i \@fmmrsaa,t |tm,s mdlctou:qnastx@té drilyt fehed asanlpeice A Mg sanpl e
time I he d intearated val.ues created
rgﬁﬁgeéne g‘c‘ldﬂ? %%ﬁa exli lsturgﬂa %. Jand %d

each ti store egrate Ues are - tTansterre are
out put asthn%laﬁ@%l%rmﬂ' eXtreds Ushe dbewitdsk duideimun slangehe dnimest Hdwrcan be

i mpl ementgeh | ftored UTHES Hté@lw}aﬁ@g‘”ﬁi’@y&am %R t%‘ﬁr&uécpg'acs

circuits or software aI orithmns. t hese rretho are wel nown any
det ai | ed SREM i1 ighe 4 bel ¥ e‘b%‘hda‘?ﬁe mcﬁ?%ﬁ Beawpligitted. It is

nﬁt ed tgf\intéqxdmirkg),d @Eozpidmj:,e d\ﬂarﬁmﬂﬁi@ tmldlﬁﬁinm\@ Bdrfee 6t1msﬁ,ut i ﬁn to
the pro of neetin esi.red, nmni msa. matter at the

di anet er aﬁ#{-} %%mepaevﬁtln%%vx}a%rt‘f hee %%%I”E) J@r‘“} &aﬁnﬁtﬁw%ﬁ% fact, if the
process ieontimhas. t Hen posf inah s‘eqsotlia,pptaratsmmqmarpiagmed otation
speed coubghhgs Vﬁéﬁ&@r@aéﬁlaf@é%ﬁ@t@tyﬁqo X qra;éqH] atdif VR E%a Only the

nunber of platen revolutions required tarn e necessary ta woul d

change. THANFRERh1awhetrnned: are QadHd afd datad Hanal - wiheh f or med
t he resuljwst~deadh fifkd agattd WL 1dcti @ nék i can be implemented in

a number of well known ways, employing either logic circuits
or software algorithms. As these methods are well known,
any detailed description would be redundant and so has been
omitted. It is noted that the method of piece-wise data
collection provides a solution to the problem of meeting a
desired minimum sample time no matter what the diameter of
the window or the speed of platen rotation. 1In fact, if the
process is tied to the position sensor apparatus, the platen
rotation speed could be varied and reliable data would still
be obtained. Only the number of platen revolutions required
to obtain the necessary data would change.

The aforementioned first and second reflected beams
which formed the resultant beam 60, as shown in Figs. 4 and
5, cause interference to be seen at the detector 48. If the
first and second beams are in phase with each other, they
cause a maxima on detector 48. Whereas, if the beams are

180 degrees out of phase, they cause a minima on the



5, cause interference to be seen at the detector 48. If the first and
second beans are in phase with each other, they cause a HHXIHE 0, detector
48. \Wereas, if the beans are 180 dggrees out of phase, they é

mnima on the 22 0 3 FEB 2005 det ect 48. Any other phase rel atlonshl p

bet ween tdieediedd opd £0 RRATBEMEL | piaSY Fed b ALY ANANGE ignal | betueen
the maxi ma and m pni.ma bei'ng seen‘%g e detector e resu t Is a signal

out put f r'dth 1gRESbiRRART VH#%kEﬁsu ?c%qcﬁﬂlﬁpﬁﬁﬁﬁQ%ﬁﬂﬁQfﬁ%?ﬂ?llﬂ ckness of
t he oxi depétayesn Sthe mbxita i @&nd Qﬁiih?ﬁﬁh chgimg dden (B‘f tHOhSEectdty faact, it

has bee ob rv that_the signal p t m t ector 48 wll vary
in a SIHE%OI At 11 ke frehnat 9N ?Hﬁﬁﬁ] #%QWK;% éﬁ%ﬁgiﬂ MA-B. The
graph of CF}rCQIIMBhom;ridem with eghet i ckrpsd uﬂe e tchad:hetmtem" 52 ,gnal
(y-axis) é@é@ée r axi.s) t.a was

obt ai ned rmnl tor| d‘PLgse d?lyn%eajfiiré &F Egg(ouﬁﬁﬁtfa -@' t%‘g%g%’par atus of
Fig. 4, \Mﬁ% %qlb\f rghahetiovms nrk rteutorf rometing detidaipra 4hoot h

oxi de Ia»wnpwﬁwlm & SiMuEOMa BUDSL aldhrddr &-ad HARK QxigR wafer). The
graph of Fi represents a filtered version of the data fromthe graph

of Fig. gphl“-hl%ffﬁ‘ 9% PRy si T FHARR (He B HPaIShens dheon in the
i nt erferorrBIee;ranﬁqDL&mLSl:gnaieqwtﬁe:lMéc}toﬁ tSlg&{nul@iaau t efydrhat the
period of e ce SI naI is contralled by the te at which
nat eri al é‘é}f egrfﬁlli aéeﬂ&nl F e o%?fsdet’f% CX sﬁg’ tty;ré“(ﬁvlf’{ DL, Thus,
factors sktained the mpviiter thg drive mmdmnmmm &gwpwi dthe pl aten

pad, and V, etﬂﬁ?ﬁbt t erm ne
the peri o%ﬂwuéjﬁﬁtdﬁe%:h& ce)fil%ﬁ ‘gf t OFB% ut s%m &ﬁ 6%@% n q]—'ﬂ:? 9A-B
a certai PR feﬁvmmeﬁ\ AL [redds slqr)@ﬁ)\@{ﬁrfmé\q H by enpved
is propanibstadte of i he, vaavxeimgtdskme twierd@ser maamgaish tde riqides of

refracti Ornepozfestehn soxal‘d :d.éié/ ed v res%cl;l{ Co l't\i'le tcpaeta from the graph of
Fig. 9A. This filtered version shows the cyclical variation
in the interferometer output signal quite clearly. It
should be noted that the period of the interference signal
is controlled by the rate at which material is removed from
the oxide layer during the CMP process. Thus, factors such
as the downward force placed on the wafer against the platen
pad, and the relative velocity between the platen and the
wafer determine the period. During each periocd of the
output signal plotted in Figs. 9A-B, a certain thickness of
the oxide layer is removed. The thickness removed is
proportional to the wavelength of the laser beam and the
index of refraction of the oxide layer. Specifically, the
amount of thickness removed per period is approximately
A/2n, where A is the freespace wavelength of the laser bean
and n is the index of refraction of the oxide layer. Thus,
it is possible to determine how much of the oxide layer is

removed, in-situ, during the CMP process using the methogd



anount of thickness renoved per period is approximately 1/2n, where Ais
the freespace wavel ength of the-laser beam and n is the |ndexU fr B 2005
refraction of the oxide |ayer. Thus, 2% is possible to detern1ne EOM/-
of the oxide layer is renoved, in-situ, during the CWVP process using the

met hod 23103u§f£h€a@51nlFugtrabﬁd | piFke, iﬁAstEbrsbz | Bh&t #EmBER. of he
nunber of cles exg E é ﬁgbg E gata SI are co% éed hb in step
204, the ?%? %ﬁe%%h fi t &PP 8nﬁ%88 u?FﬁQCBHE e ycl%eﬁ t 1R out put
si gnal i sstepp2®4d thenthhekness| efigthe mbhtehial asemobedndaniing heneé ndex of
refractio t d e h e h esl | .ckness of
mat eri al 8¥8i%eg€e§%%e§uF#gﬁ1éﬁgggélgem?é§EUt%§ ggoﬁa?%% ?50§g Itl(gtltgual

t hi cknessof ck® ctRsern heap apg. tmﬁelaéﬁﬁapfthﬁﬁkﬁ@§s0nr@ﬁnthﬁ eyides the

product oia &8 HENPRE eafsycle@heﬁhlEh&eées@¥eah@hﬂékﬁeéggaelmaeériﬁf
t hi ckness mat eri al fnnvag ur|n one cyc¢le. In the final step 208, the
dafeamuEBRe

CVP proceEg be reRoYs 9§Fd éaY%ﬁD%EdC?ﬁPQFﬁ@sgoeﬁﬁﬁl§C wakyceeds
t he desurewléhm@k@essmoﬁeﬂatenlatepozbe remnuedctﬂhnetnaénhyssless t han an

entire cygl h e the nt .of e ed. In
thlg mayygaﬁygégcégg fgg PrPg geg1f ap Pﬂggggs?reﬁy ﬁn?géé% gqg
n1n|n1zedeABhsh®mha|ﬁIGhalbaadkthedtpmckneas of nhtesiep réfdved Fig. 10A,
e nuTbesuplnoCohEr £pEe8. Of 1 RRESREKRECStBA!sbEN PhelchCheoarescoun!

in each iteration. Fo each occurrence of a maxi ak) and
m ni ma (¥36m1%%¥¢%yyheeevercEheer§a°Vﬁ6uFalebn§$$taq@aiﬁeorpeégee $ed

portion othéhge&yeLe. tﬁhbﬁnééétbﬁuhateEQéllea Bé r&heveycl e is convenient
oS oL a0 T AT I e U SIS I h O e
I S renovetio d@tenglaecyhéeambhns blii mhbhesialsrembvedli elinbyhihewayacti on
of a cyclgnfhgkclhe RLLLLTER LOREYR" 696L! PAY BQLEHEA amount can be
minimized. As shown in the bracketed portions of the step
202 in Fig. 10A, the number of occurrences of a prescribed
portion of a cycle are counted in each iteration. For
example, each occurrence of a maxima (i.e. peak) and minima
(i.e. valley), or vice versa, would constitute the
prescribed portion of the cycle. This particular portion of
the cycle is convenient as maxima and minima are readily
detéctable via well know signal processing methods. Next,
in step 204, after determining how much material is removed
during a cycle, this thickness is multiplied by the fracticn
of a cycle that the aforementioned prescribed portion
represents. For example in the case of counting the
occurrence of a maxima and minima, which represents one-half
of a cycle, the computed one-cycle thickness would be
multiplied by one-half to obtain the thickness of the oxide
layer removed during the prescribed portion of the cycle.

The remaining steps in the method remain unchanged. The net



represents. For exanple in the case of counting the occurrence of a maxim
and m nima, which represents one-half of a cycle, the conpute®§9¢%Bc%@#e
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di vi di ng 8% ReGG e fe AR B AR T RFWPIYSR WRRM shown in
st ep 306.thEhidesdiaeal ithilckndd® is anticipated to have been removed.

A preferred embodiment of this alternate method is
illustrated in Fig. 10B. As can be seen, the first step 302
involves measuring the time between the first occurrence of
a maxima and minima, or vice versa, in the detector signal
{although an entire cycle or any portion thereof could have
been employed). Next, in step 304, the amount of material
removed during that portion of the cycle is determined via
the previously described methods. A removal rate is then
calculated by dividing the amount of material removed by the
measured time, as shown in step 306. This constitutes the
rate at which material was removed in the preceding portion
of the cycle. 1In the next step 308, the thickness of the
material removed as calculated in step 304 is subtracted
from the desired thickness to be removed to determine a
remaining removal thickness. Then, in step 310, this
remaining removal thickness is divided by the removal rate



rate at which material was renoved in the preceding portion of the cycle.
In the next step 308, the thickness of the material renoved m\c}? Cﬂ]'gﬁat ed
in step 304 is subtracted fromthegcdesired thickness to be r (@
determne a remaining renoval thickness. Then, in step 310, this
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In the next step 308, as shown in_ bracke the total amount, of materi al
renoved AB¥HPIFUTTINGE BeRd ANG (RIANY NS ReRNR N e bR HFENER%T ng

subtract esk fuizariel desidws tdieimesthe Thertiasi of the cyeldod remins the
[ hi ckness to e.removed is divided by the newy

cal oul at GPERARRAISE b TPtF RESTaRSs 1of r el BRIt b BERER? s o [
this way (ihe ravetief) piockseidedeby stheomasiegdd bie eramdcbheoccurrence
of the pregely Mtié%ﬂcﬁl%ée @Is{@s.ﬂ?ttﬂ? Ofiééﬂnf‘é%r%{'iénprocess
contl nues unti the remal ni ng rocess tinme will expire eor_ethe next
i teratiorekdrhe Mefinrd At HOMEVEDI nin tHee OMXprefeaR s39%: 125 nF@¥RdINas seen

brackets, the total amount of material removed during all

the previous iterations is determined before being

subtracted from the desired thickness. The rest of the

method remains the same in that the remaining thickness to

be removed is divided by the newly calculated removal rate

to determine the remaining CMP process time. 1In this way

the remaining process time is recalculated after each

occurrence of the prescribed portion of a cycle of the

detector signal. This process continues until the remaining

CMP process time will expire before the next iteration can

begin. At that point the CMP process is terminated, as seen

in step 312. Typically, the thickness to be removed will

not be accomplished in the first one-half cycle of the

detector signal, and any variation in the removal rate after

being calculated for the preceding one-half cycle will be

small. Accordingly, it is believe this forward-looking

method will provide a very accurate way of removing just the

desired thickness from the wafer.



in step 312. Typically, the thickness to be renoved will not be
acconplished in the first one-half cycle of the detector signal, and any
variation in the renoval rate after being calculated for the mgq:rggdmg
one-half cycle will be small. Accordigly, it is believe this
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faster th _@ther éfﬁégres Fig., 11A
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relatively sn"gﬁt? eat%érli rdfﬁe]%? guﬂlgg%égr}g ql}%xglgedtmf%sat%?'éé S Y
feature 7189 izeduged aﬁEiSﬁéfﬂy tfaangeotleert utargey (featiieshowsig helTaea€ ures 72,
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72, a relatively small feature, feature 74 is a medium sized
feature, and feature 76 is a relatively large feature. Figqg.
112 shows the features 72, 74, 76 before polishing, Fig 11B
shows the features 72, 74, 76 about midway through the
polishing process, and Fig. 11C shows the features 72, 74,
76 towards the end of the polishing process. In Fig. 11A,
the smaller feature 72 will be reduced at a faster rate than
either the medium or large features 74, 76. In addition,
the medium feature 74 will be reduced at a faster rate than
the large feature 76. The rate at which the features 72,
74, 76 are reduced also decreases as the polishing process
pregresses. For example, the smaller feature 72 will
initially have a high rate of reduction, but this rate will
drop off during the polishing process. Accordingly, Fig.
11B shows the height of the features 72, 74, 76 starting to
even out, and Fig. 11C shows the height of the features 72,
74, 76 essentially even. Since the differently sized
features are reduced at different rates and these rates are




74, 76 are reduced al so decreases as the polishing process progresses. For
exanple, the smaller feature 72 will initially have a high ra';ne g[f
reduction, but this rate will drop off during the polishing p 03c &8 2005
Accordingly, Fig. 11B shows the height of the features 72, 74, 76 starting
to even endngang, e dd€eshoventdesi@habtpaldes fEAUM &l % atz%‘e. 76
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t he CWP chocedure is termnated, as shown in step 404. Fig. 13 1s a graph
pl ot ti ng YHECTRPRE tTRRN oFRe hEUr ERPR D2 HFYHBTNRR VAT o BT REGRRR er ned
waf er ungslgmanized KMRIeteceiy ewhdhea seimhssi X ai msadrdee@nst ruct this

graph was  NGlth led {fs P oMl PLSHLEN S 8L otk YRl S o '{n Gy, 12,
First, in step 402, a search is made for the aforementioned
sinusoidal -variation in the interferometer signal. When the

sinusoidal variation is discovered, the CMP procedure is
terminated, as shown in step 404.

Fig. 13 is a graph plotting the amplitude of the
detector signal over time for a patterned wafer undergoing a
CMP procedure. The sampled data used to construct this
graph was held at its previous integrated value until the
next value was reported, thus explaining the squared-off
peak values shown. A close inspection shows that a
discernible sinusoidal cycle begins to emerge at
approximately 250 seconds. This coincides with the point
where the patterned wafer first became planarized. Of
course, in real-time monitoring of the interferometer's
output signal, it would be impossible to know exactly when
the cycling begins. Rather, at least some portion of the
cycle must have occurred before it can be certain that the



next value was reported, thus explaining the squared-off peak val ues
shown. A close inspection shows that a discernible sinusoidal gyphf @ﬁglns
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ap between th art.z ndow and
gap 3 éizlé 1t\%s notzintended that the present invention be

limited to that time frame. If the signal is particularly
strong, it might be possible to obtain the same level of
confidence after only a portion of a cycle. Alternately, if
the signal is particularly weak, it may take more than one
cycle to obtain the necessary confidence. The choice will
depend on the characteristics of the system used. For
instance, the size of the gap between the quartz window and
the surface of the wafer will have an effect on signal
strength, and so the decision on how many cycles to wait
before terminating the CMP process. '

The actual determination as to when the output
signal from the laser interferometer is actually cycling,
and so indicating that the surface of the wafer has been
planarized can be done in a variety of ways. For example,
the signal could be digitally processed and an algorithm
employed to make the determination. Such a method is
disclosed in U.S. Patent 5,097,430, where the slope of the



the surface of the wafer will have an effect on signal strength, and so
the deci sion on how many cycles to wait before term nating tie 2005
process. The actual determ nation as,§o when the output signal fron1Qhe
| aser interferometer is actually cyc%l ng, and so indicating that the
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tends 10 fEQSHEEndly, if it is desirable to control the film
thickness over a specific structure, or group of similarly
sized structures, an alternate method must be employed.
This alternate method is described below.

As alluded to previously, each differently sized

surface feature resulting from a layer of oxide being formed
over a patterned structure on a die tends to produce a
reflected interference signal with a unique frequency and
phase. It is only close to the point of planarization that
the frequency and phase of each differently sized feature
converges. Prior to this convergence the unique frequency
and phase of the interference signals caused by the various
differently sized features combine to produce a detector
signal that seems to vary randomly. However, it is possible
to process this signal to eliminate the interference signal
contributions of all the features being polished at
different rates, except a particularly sized feature, or

group of similarly sized features. Once the interference



reflected interference signal with a unique frequency and phase. It is
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a wafer, will, now be described in referéence to Fi 14.
associated with the aforementioned structures.

The specific steps necessary to perform the
above-described method of controlling the film thickness
over a specific structure, or group of similarly sized
structures on a die, in situ, during the CMP processing of a
wafer, will now be described in reference to Fig. 14. 1In
step 502, the detector signal is filtered to pass only the
component of the signal having the predetermined frequency
associated with the structure of interest. This step is
accomplished using well known band pass filtering
techniques. Next, in step 504 a measurement is made of the
time between the first occurrence of a maxima and minima, or
vice versa, in the detector signal (although an entire cycle
or any portion thereof could have been employed). The
amount of material removed during that portion of the cycle
(i.e. one-half cycle) is determined in step 506 via
previously described methods. Then, a removal rate is then

calculated by dividing the amount of material removed by the



step 502, the detector signal is filtered to pass only the conponent of
the signal having the predeterm ned frequency associated wth the
structure of interest. This step is acconplished using wel | kfdwhEBales
pass filtering techniques. Next, in stlep 504 a neasurenent is nmade of the
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the portion of the cycle represented by this occurrence of
the maxima and minima (i.e. one-=half) is divided by the
measured time, and the removal rate is calculated, just as
in the first iteration of the method. However, in the next
step 510, as shown in brackets, the total amount of material
removed during all the previous iterations is determined
before being subtracted from the desired thickness. The
rest of the method remains the same in that the remaining
thickness to be removed is divided by the newly calculated
removal rate to determine the remaining CMP process time.
This process is repeated until the remaining time expires
before the next iteration can begin. At that point, the CMP
process is terminated, as seen in step 514.

It is noted that although the method for controlling
film thickness described above utilizes the method for
determining the CMP process endpoint illustrated in Fig.
10B, any of the other endpoint determination methods
described herein could also be employed, if desired.
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wider beam 86 is preferred for this reason. The laser bean

a

width can be widened using well known optical devices.

It must alsc be pointed out that the wider beam will
reduce the available data acquisition time per platen
revolution since the time in which the beam is completely
contained within the boundaries of the window is less than
it would be with a narrower beam. However, with the
previously described methods of data acquisition, this
should not present a significant problem. In addition,
since the wider beam also spreads the light energy out over
a larger area than a narrower beam, the intensity of the
reflections will be lessen somewhat. This drawback can be
remedied by increasing the power of the laser beam from the
laser interferometer so that the loss in intensity of the
reflected beams is not a factor in detection.

As for the wavelength of the laser beam, it is
feasible to employ a wavelength anywhere from the far

infrared to ultraviolet. However, it is preferred that a
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t he boundaries of the windowis less than it would be with a narrower

beam However, with the previously described nethods of data FEHWHES djpon,
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thi cknessc ol e, o de LAYELn LRIPYGHhg e PEEFToTE1 5 dELoL EIRYed Over the
method by which the number of cycles, or a portion thereof,
are counted to determine the thickness of the oxide layer
removed, any excess material removed over the desired amount
would be minimized if the amount of material removed during
each cycle, or portion thereof, is as small as possible.
It is believed these two competing factors in the
choice of wavelength are optimally balance if a red light
laser beam is chosen. Red light offers an acceptable degree
of scattering while not resulting in an unmanageable amount

of material being removed per cycle.

Further Embodiments

The generated interference waveform provides
considerable additional information about the polishing
process. This additional information can be used to provide
an in-situ measurement of the uniformity of the poiished
layer. It can also be used to detect when the CMP system is
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moni t or i nkPwan e peduieed botis i eftsen uyulbtea GDEEI®ilt 0o achieve a
uniform polishing rate across the wafer. It typically
requires optimizing many different variables to keep it
performing within the specs. The end point detector
described above provides a very useful tool for monitoring
the uniformity of the layer being polished and that o
monitoring can be performed both in-situ data acquisition
and processing.

t
h

We have discovered that the interference waveform
that is produced by the interferometer during polishing
provides information about the uniformity of the layer that
is being polished. As noted above, the output of the
interferometer appear as a sinuscidal signal as the surface
layer (e.g. oxide layer) is being polished. The distance
between the peaks of that signal indicate how much material
has been removed. On top of that sinusoidal signal there
will also be another higher frequency sinusoidal signal.
The amplitude of the higher frequency signal indicates by
how much the thickness of the polished layer varies across
the surface of the wafer.
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introduce, a further variation onto the sinusoidal base
signal. This further variation has a frequency that is
dependent on the rotation and sweep rates that are used and
it has an amplitude that is proportional to the degree of
nonuniformity of the polished layer. An example of such a
waveform is shown in Fig. 16. In this particular example,
the nonuniformity was relatively large so as to clearly
illustrate the high frequency signal.

A measure of the uniformity is the ratio of the
peak-to-peak amplitude A,, of the high frequency signal to
the peak-to-peak amplitude A,;, of the low frequency signal.
The smaller this ratio, the more uniform the polished layer
will be; and conversely, the larger this ratio, the more
nonuniform it will be.

A CMP system which produces a measure of uniformity
is shown in Fig. 17. 1In addition to the components shown in
the previously described Fiq. 2, it also includes a computer



nonuni formty of the polished |ayer. An exanple of such a waveformis
shown in Fig. 16. In this particular exanple, the nonuniformty was
relatively large so as to clearly illustrate the high frequendy SEGrf5. A
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and other functions shown in Fig. 18. In that regard,
computer 150 implements two programmable bandpass filters,
namely, a high frequency filter 152 and a low frequency
filter 154. High frequency filter 152 has a passband
centered on the frequency of the high frequency signal
containing the uniformity information and low frequency
filter 154 has a passband centered on the fregquency of the
low frequency signal containing the polishing rate
information. The width of both of these passbands is on the
order of a few milliherz in the case when the period is on
the order of tens of seconds. Indeed, the width of the
passband is programmed to vary in proportion with the center
frequency, or stated differently, to vary inversely to the
period of the signal being examined. That is, if the period
of the relevant signal increases, the bandwidth of the
passband filter decreases and vice versa.

Fig. 19(a) shows an example of an interferometer
signal obtain from an actual system. Note that initially



centered on the frequency of the high frequency signal containing the
uniformty information and | ow frequency filter 154 has a passband
centered on the frequency of the |ow frequency signal contai nD@gFEheps
polishing rate information. The w dttgof both of these passbands is on the
order of a fewmlliherz in the case when the period is on the order of

tens of s‘é‘&%rﬂ%gn?%d’e‘%lcﬁtl‘ﬁes vitth Gie tkayepassisaridd sugifsymamede t,0 vary
i n proporté oaugu:éfnitlmae Qﬁiﬁlﬁrfré(flﬁﬂwcé’l 1 Sits’:ltﬁ‘ihﬂu fRl &l Yor tt‘hehvar y

I nversely er| od. of nal_ bel m ned.” That Is, If

peri od é‘? %t i 1 | t%éaéi‘eé)l 1 infen grerfRrmeshsshand
filter deﬁwma&a%hqwtinaxxpdunfutlﬂégga:Mﬂgﬁ fﬁuqukﬁﬁ?fﬁﬁyﬁﬂkahﬁ ats
interferqget t em Nate that |n|t|aIIy 0
3 FEB 2005 3 %s%dlﬁg ‘tq{w}‘a‘?‘c ]EEQJ‘% “udlhft%m Yor %% . e

no di scer’?ﬁ'%ﬂ‘éerl*ﬁighf-ﬂffefeme}ﬁ;@ Sﬁlgﬁﬁals ithe |Jchvngfn§queox¢yofccu¢p@ndma‘ntbquency
si gnal . Aﬁmmlw@lm hashdreery J&rlresd (fq:rrdau%ao tnraﬁfﬂaf’ﬁ of time, a

hi gh frequ begins  to appear cating a certal evel of
nonuni fo%ﬁ 1 %&Qﬂ?‘% ShaWn (g} Fisgi §e‘3@8t-s %HWW:edU@by
corrpolnen]Efmt;hexia:y tﬁhﬁtautlaﬁesémetltgfs fﬁm%qﬁ I qlsr f p]tht I
signal o shown .i.n imilar requen ilter
152 sel ect ﬂfr"l req &Tpf(()ﬁ'g@:ﬂencd!ﬁf ftﬂytpé'roéi%ﬁﬁ g’ Iﬂé:r
frequenm%%gna)l mf)dm% mmmhmm igi griad. afo gdhe form shown in Fig. 19(c).
Pt e aore | pCBBLar! ¥802TRpALNERLETREY" SN cuddiLAIRRARRE 0], 10D

whi ch neasure the peak-to- pea Itudes o e ou srgnals of filters

152 and fctiqng,dig and, . 15@(1(!@%% neATUne) dde @reatlmcq-maﬂq | tered
si gnal s hasp hidamieeter rﬁnwdaumrﬁotgwnah@ SOMUHRS A 1163 Iaha Afs4,he p-p

?mghgﬁgf}'essf%encaen?%ﬂg fr%ﬁjeﬁ A 1:utdc3=_=st st F%:he t%;réplflfll{deerem the | ow
signals has been determlned computer 150 computes a ratlo
of the p-p amplitude of the high frequency signal to the p-p
amplitude of the low frequency signal (i.e., A,/A;;) (see
functional block 162). After the ratio has been computed,
computer 150 compares (see block 166) the computed ratio to
a threshold or reference value 164 that was previously
stored in local memory. If the computed ratio exceeds the
stored threshold value, computer 150 alerts the operator
that nonuniformity of the polished layer exceeds an
acceptable amount. In response, the operator can adjust the
process parameters to bring the process back into spec.

Since the high frequency signal tends to appear only
after some polishing has been performed, it is useful to
wait before attempting to measure nonuniformity. Indeed, it
may be desirable to automatically compute the ratio
periodically so as to monitor the uniformity of the polished
layer throughout the polishing operation. In that case, it



functional block 162). After the ratio has been conputed, conputer 150
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filtering in real time as the interferometer signal becomes
available, the filtering is done in the time domain by
convolving the appropriate function with the waveform as it
is being generated. The appropriate function is, of course,
simply the time domain representation of a bandpass filter
having the desired characteristics (i.e., center frequency
and bandwidth).

To specify the appropriate filter parameters it is
necessary to know the frequency of the signal that is to be
selected by the filter. This information can be obtained
easily from the interferometer signal waveform(s). For
example, the center frequency for the low frequency filter
can be obtained by running a batch (e.g. 25) of wafers (e.q.
blank wafers with only an oxide coating) to obtain an
accurate measure of the polishing rate. Alternatively, the
polishing rate can be determined at the start of a polishing
run by measuring the distance between peaks of the low
frequency signal. Of course, using this alternative
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display a the computer can be programmed to automatically
compute the frequency and then generate the appropriate
filter coefficients. The filter coefficients and/or time
domain representation of the filter functions are then
stored in local memory for use later during the polishing

runs to perform the filtering operations.

Process Signature:

The interferometer waveform also represents a
signature of (i.e., it characterizes) the system for which
it was obtained. Because of this, it provides information
which is useful for qualifying a system for production
operation. If a signature is obtained for a system that is
known to be operating as desired, that signature waveform
(or features extracted from the waveform) can be used as a
reference against which subsequently generated signatures
can be compared to determine whether the system or systems
from which signatures were subsequently obtained are



filter coefficients. The filter coefficients and/or tine domain
representation of the filter functions are then stored in local nenory for
use later during the polishing runs to performthe filtering Gébféﬁﬁb%s
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are readily obtainable from the interferometer waveform that
is generated during pelishing by using the methods
previously described. A properly operating system will
produce a particular polishing rate and a particular measure
of uniformity. A drift away from these reference values
provides an indication that the system is moving away from
its desired operating point and alerts the operator tc the
need for corrective action so as to avoid destroying
product.

A method which uses a CMP system signature is
illustrated in Fig. 20a and will now be described.
Initially, an interferometer waveform (i.e., a signature) is
generated for a CMP system which is known to be operating
optimally (step 250). The decision as to whether the syétem
is operating optimally can be determined empirically by
processing a set of test wafers and analyzing the results.
When the results that are produced are within spec, then the
signature can be generated for that configuration and set of
operating conditions. Before capturing a portion of the



produce a particular polishing rate and a particul ar neasure

uniformty. Adrift away fromthese reference val ues provides ﬁg )
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obtained yajify a system for production, a new signature is obtained
for that system (step 258) and the relevant features are
extracted from that new signature (step 260). The extracted
features are then compared to the stored reference set of
features (step 264). If the operating point, as
characterized by the set of extracted features, falls within
a predetermined region around the reference point, as
defined by the stored reference set of features, then it is
concluded that the system is operating properly and that it
can be brought online for processing product wafers (step
266). 1If this process is automated, the computer may at
this point alert the operator that the process is within
spec. On the other hand, if the operating point falls
outside of the predetermined region, that is an indication
that the system is not operating within spec and the
operator is alerted to this problem so that corrective
action can be taken (step 268). The corrective action might

involve adjusting some process parameter appropriately to



for that system (step 258) and the relevant features are extract ed from
that new signature (step 260). The extracted features are the @51 to
the stored reference set of features %step 264). If the operatl ng p0|

as characterized by the set of extracted features, falls within
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most useful for the operator.

Of course, the above-described in-situ, real time
monitoring procedure can be used periodically while
processing production wafers or whenever some process
parameter is changed in the CMP eystem {(e.g. a new polishing
pad is used, pad pressure is adjusted, or a new batch of
slurry is used) and it becomes necessary to know that the
CMP process is still within spec. In addition, it can be
used on blank wafers, instead of actual product, to qualify
the CMP system prior to using it on actual product.

Though we have described a straight forward and
simple approach to extracting information from the signature
waveform, i.e., by using the pclishing rate and the measure
of uniformity, the signature or interferometer waveform can
be analyzed by using more sophisticated techniques (e.q.

pattern or feature recognition or other image analysis



extracted features are to the different features of the stored reference
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overal | QWP foyYwa®®e simply by locking at the waveform. Thus, in the
described embodiment, the computer also displafs the
signature waveform to the operator during processing so that
the operator can also use it to monitor equipment
performance.

Using techniques known to persons skilled in the
art, one can readily develop software algorithms which
automatically recognize or detect the changes for which the
operator is looking and which tip off the operator to
certain problems.

A Modification for Obtaining Improved Performance
Another embodiment involves a modification to the

window in the pad between the interferometer and the wafer.
Although the pad will transmit a substantial portion of the
interferometer laser beam, it has been found that there is
also a significant reflective component from the bottom
surface of the pad. This situation is illustrated in Fig.
21(a) where part of the laser beam 34 emanating from the



performance sinply by | ooking at the waveform Thus, in the described
enbodi nent, the conputer also displays the signature waveformto the
operator during processing so that the operator can al so usegigt FER amni t or
equi pnent performance. Using techni qfes known to persons skilled in the
art, one can readily devel op software algorithnms which automatically
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signal. If the DC component is not eliminated, the
equipment would be saturated by the amplified signal.
Reducing or eliminating the DC component electronically
requires added signal processing electronics and may result
in a degradation of the useful portion of the signal. Even
if the DC shift is not as large as described here, some
signal processing will still likely be required to eliminate
it. Accordingly, a non-electronic method of reducing or
eliminating this unwanted DC component is desirable.

It has been found that by creating a diffuse surface

704’ on the backside of the pad 22 in the area constituting
the window, as depicted in Fig. 21(c¢), the reflected light
from ﬁhat surface is attenuated. Thus, the unwanted DC -
component of the data signal is reduced. The diffuse
surface 704’ in effect scatters the non-transmitted laser
light 708 rather than reflecting most of it back towards the
interferometer 32. The reflected signal from the wafer must
also pass through the diffuse surface 704’ and in doing so
some of it will also be scattered. However, it has been
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a preferred embodiment. The invention, however, is not

limited to the embodiment depicted and described. Rather,
the scope of the invention is defined by the appended
claims.

What is claimed is:
44809.P11



The present invention has been described in terns of a preferred

enbodi nent. The invention, however, is not I|limted to the enbodi nent

depi cted and described. Rather, the scope of the invention is8defERngisby
the appended <clains. What is clained is: 44809.P11 03 FEB 2005 46 CLAI M5
1. A polishing pad for a chem cal nechani cal polishing apparatus,
conprising: an article having a polishing surface; an aperture forned
through the article, the aperture including a first portion with a first
cross-sectional dinmension and a second4gortion with a second different
Cross- SecéLRH@é di nension; and a substantially transparent, solid w ndow
secured in"the aperture. 2. The polishing pad of claim1l , wherein the
article includes a first Iayer with the polishing surface and a second

| ayer adj centy t er e po i p a erein
t he apertﬁre ext gndgﬁm aDtSJatg% fc% 4 gl?es% cétar%d "gée%'gandg?l ?ers ﬁé E?Eggrat i'shi ng
pad of cIGnmvﬂﬁwmmereln the first Iayer i s pol yurethane with addltlves 5.
The pol i shing additives include m crospheres

to provide théﬂﬁgg§% ﬂ%% p&hﬁLﬁg%ﬁﬁgﬁg porous structure. 6. The

pol i shing pad af 8@Ieailm94f0rmﬁ§lr ¢hrpugtie tivé redal 6, stheokpdrtpot yinckdiamer first The
pol i shi ng, pad ol alfn cmgfﬁcﬁ idr28 dibd |<Pr9ratn'dog ofe Ay BBRHSHNGH S

| ocat ed |n the first |ayer e second portion %e aperture iIs

| ocat ed | PRGN d@f@d@ﬁHCTWeWCtS?”aﬂfbmﬁ@ISi@hlﬁﬂji pad of claim7, wherein the
plug includes fshibs@intia®Gtir&Msddrent Nsoifd WildRREEERRPTn {rhﬁaﬁ@ﬁuw_re and a
second section in the second portion of the aperture. e polishing pad
of claim8, wherein a top surface of the second section is secured to a

bottom sugf acerigf pbhehihigrsdd bAYRIm 1, wherein the article includes a first layer with

the polishing surface and a second layer adjacent to the first layer.

3. The polishing pad of claim 2, wherein the aperture extends through the

first and second layers.

4. The polishing pad of claim 2, wherein the first layer is polyurethane with
additives.
5. The polishing pad of claim 4, wherein the additives include microspheres

to provide the second portion with a microporous structure.

6. The polishing pad of claim 4, wherein the window is solid polyurethane.

7. The polishing pad of claim 2, wherein the first portion of the aperture is
located in the first layer and the second portion of the aperture is located in the

second layer.

8. The polishing pad of claim 7, wherein the plug includes a first section in
the first portion of the aperture and a second section in the second portion of the
aperture.

9. The polishing pad of claim 8, wherein a top surface of the

second section is secured to a bottom surface of the first layer.



03 FEB 2005 47 10. The polishing pad of claim9, wherein the second section
of the windowis thinner than the bottomportion of the aperture. 11. The
polishing pad of claim2, wherein a bottom surface of the windowis

posi ti oned above a bottom surface of the second |ayer. 12. Thel potki@ithg
pad of claim11, wherein the first portion is solid polyurethane. 13. The
polishing pad of claim1, wherein the second portion is polyurethane wth
additives. 14. The polishing pad of claim 13, wherein the additives include
m crospheres to provide the second por47i on with a m croporous structure.
15. The polishing pad of claim1, wherein the first portion of the aperture

is adjacept t hin 16. The O|IShIn d of .cl ai

wher ain tAQ oi MEnEPURTDE E ] RUR Sobbet b sehardiePRt &F e PARAPS nan
t he di nenghioneonfharhtheskcthooh porttaroof tife aphertaperture. 17. The poli shing pad
of claim 15, wherein the dinension of the first portion of the aperture is
smal | er than the di nension of the second portion of the aperture. 18. The
pol i shing1pad bhe glodishirg paterfeilaina 2, ophareif adsottdmtshefadendbtiid window is

subst ant i ghLyiGop! SuPRIESHY A SULIACEyefO. The pol ishing pad of

claim1l, erein a ttomsurﬁaceo e W ndow | Wi thin the aperture.
20. The polishing pad of claiml, further conprising an adhesive to secure

the wi ndey inThBbe 8Reking ®ad of claim 1, wherein the first portion is solid
polyurethane.

13. The polishing pad of claim 1, wherein the second portion is polyurethane
with additives.

14. The polishing pad of claim 13, wherein the additives include microspheres

to provide the second portion with a microporous structure.

15. The polishing pad of claim 1, wherein the first portion of the aperture is

adjacent the polishing surface.

16. The polishing pad of claim 15, wherein the dimension of the first portion of

the aperture is larger than the dimension of the second portion of the aperture.

17. The polishing pad of claim 15, wherein the dimension of the first portion
of the aperture is smaller than the dimension of the second portion of the
aperture.

18. The polishing pad of claim 1, wherein a top surface of the window is

substantially coplanar with the polishing surface.

19. The polishing pad of claim 1, wherein a bottom surface of the window is

within the aperture.

20. The polishing pad of claim 1, further comprising an adhesive to secure the

window in the aperture.



