; €3eNTNp>6TTdv_m so~,.~ CLOSED LOOP CONTROL OF WAFER POLI SHING I N A
CHEM CAL. MECHANI CAL P TEM BACKGROUND The present invention

rel ates generally to WM‘M[NN hani cal polishing of substrates, and nore
particularly to clos ontrol of wafer polishing in aq:qu\pa(m :
mechani cal pol i shing systléﬁ*t86 | nt egr at ed circuits are typically fornmed on
substrates, particularly silicon wafers, by the sequential deposition of
conductor, sem conductor or insul ator Iayers. After each layer is
deposited, it is et gmmmmwmmﬂkﬂe circuitry features. As a series of |ayers
are sequentially de tched, the outer or uppernost surface of
the substrate, i.e., thec®wposed surface of the substrate, becones

i ncreasi ngly nonpl anar. This nonpl anar surface presents problens in the
phot ol i t hographic steps of the integrated circuit fabrication process.
Therefore, there is_a need to periodicall Ianarlze the substrate surface.
Cheni cal nechani cal€ i QQP QSTROL. QF Qe SHEN G +

pl anari zation. This pbﬂmte@tmmmestwmmtm cegyies that the
substrate be mounted onm a carrier or polrsning nhead. The exposed surface of
the substrate is placed against a ~ 0 MAY 2002 _2_ rotating polishing
pad. The effectiveness of a CMP process can be neasured by its polishing
rate, and by the resulting finish (absence of small-scal e roughness) and
fl at ness (absence of | arge-scal e topography) of the wafer surface. The
polishing rate, finish and flatness are determ ned by the pad and slurry
combi nation, the relative speed between the wafer and pad, and the force
pressing t he waf er agai nst the paBACKGROIWNDNg problemin CW is the
"edge-effect,” in other words, the tendency of the wafer edge to be

pol i shed at a di ff"Elﬁ@;b'ﬁesefn&Irﬁ/ehﬂ’kﬂﬂreldfé% genéally eecteatical Mwehage pefidhesd of
typi call y results in non-uniformpolishing at the wafer perineter, for

exanpl e, r f t e, er
(mm) waf er Qﬁbg%fgﬁaé{ﬁgiﬁ(ﬁ%%ﬁggaﬂ tb%fog&igled%g?hs oo\?vviatf'%ej OﬁS}%Q?H{%Jt:}Ler %/lvor ds,
t he tenden(f:%e gf the %ter ge the wafer to be underpolished. O her factors
al so cont r FEGE l‘fa&Pﬂ o rni"hty in the CI\/P process. For exanple, CWP
processes are sensjtive to di fference? polishing pad fromdifferent
| ots, variations iRtag&teheiscuis ag typicglly %Pﬁé\é@gaﬁﬁ’lﬁa@“ﬁ{%’t“l&'@éur over
time. I'n addition, CWVP processes nmay vary W|th dependi ng on environnent al
factors, swaferadyttherseguential depositonyiconduietary sepreatidurtononinsulaer lextwsr and
films deposited on the wafer also contribute to

After each layer is deposited, it is etched to create circuitry features. As a series of layers

are sequentially deposited and etched, the outer or uppermost surface of the substrate, i.e.,
the exposed surface of the substrate, becomes increasingly nonplanar. This nonplanar
surface presents problems in the photolithographic steps of the integrated circuit
fabrication process. Therefore, there is a need to periodically planarize the substrate
surface.

Chemical mechanical polishing (CMP) is one accepted method of
planarization. This planarization method typically requires that the substrate be mounted

on a carrier or polishing head. The exposed surface of the substrate is placed against a



variations in the CW process. Simlarly, mechanical changes to the CW
system can affect the uniformty of the CVWP process. Variations in the CW
process may occur slowy over tine, for exanple, as a result of§ gegay 202t he
polishing pad. Qther variations may occyr as a result of a sudden change,
such as when a new batch of slurry or a new polishing pad is used. Using

current t eC&Qeug;g&ishi&g 135 PRENGLGILRML bed VIORENSRAEH Aladlif d,Ae001 N0

vari ations contro nam C

parti cul ar, n difficult oco r

P oceases. PalithRaTe ah By Mesatih %Eﬁ@é‘g&gF“FBBEE;‘PQ%ﬁ IS poighes %@gﬁmﬁs* ace.
Simlarly, it has been difficult to control processes to obtain

r epeat abl e (3hsenfercf larap-senlmioparrapiiaros the wifer SuéifaF?)nEh?)E‘?llsbalgdﬁetﬁWﬂl g UMVARY
In general, according to one aspect, a nethod of polishing a wafer uses

cl osed- | ooﬂatmm arodetehisedby dre naglmndeluheflconibjtnaaionahc ralativiespebdimvwery the

| east one chanber whose pressure is controlled to apply a downward force on

the wafer. whi@ afgphddnt figd foER predaingithe W@fe&h%éiﬁsmﬂ% pddel at ed neasurenents of
the wafer and cal culating a thickness profile for the wafer based on the

thickness-rel ated m&%#%&&m J;Q?Mf% Fh# "@&%defw& CHNGRS V%r?; tllleetehaency

conpared to a target ressdre 1 n at

carrier heagd,cha d s of. the copparjs n
ot her 1 Bl WraE:4dgh o BF éfﬂ}s?lgfﬁ?t@gds eeRbatectin B Wheiromiet ol & Se Eierlel d by
a carrier head having multiple chanbers that can apply mdependently

vari abl e phypically sesults imon-pgifasny pajishing abthe tyadenperigeter;ios exammedhs ncl udes
obtai ning thickness rel ated neasurenents of the wafer during polishing and
adj usti ng autprmaes titrree torfifteea noillihétersadar208 milipvstercfnanbwater. a4 selated pesblewnt h a
particul ar zone of the wafer based on the thickness-rel ated neasurenents. A

chem cal nRpGHAN AR sRW dffdet, Mth Siket WoRda tROteh8eritl DEHRSRHter dhhe WasradbENCl udes
a waf er poI i shing surface and a carrier head for holding a wafer. The

carrier ﬁ’%i\{\ﬁ‘ﬁ chS at | east one chanber whose pressure can be controlled
to apply a War pressure on the wafer as it is polished against the

polishing surface. The.s m al sg has a m)n tor, for inin
t hi ckness-rel at ed Qr‘gﬁrs%f’ i%c%‘F O‘?‘W’etc\/%)f“é‘fm orgity ifjo %g?rocﬁgsd&ﬂrng

polishing and nenory that stores a target thickness Pr ofile. A processor is
example, CMP processes are sensitive to differences among polishing pad from different

lots, variations in batches of slurry, and process drifts that occur over time. In addition,
CMP processes may vary with depending on environmental factors, such as temperature.
The particular condition of the wafer and films deposited on the wafer also contribute to
variations in the CMP process. Similarly, mechanical changes to the CMP system can
affect the uniformity of the CMP process. Variations in the CMP process may occur
slowly over time, for example, as a result of wear to the polishing pad. Other variations
may occur as a result of a sudden change, such as when a new batch of slurry or a new
polishing pad is used.

Using current techniques, it has been difficult to compensate for the foregoing

variations in CMP processes to control wafer thickness dynamics. In particular, it has



configured to: (a) calculate a thickness profile for the wafer based on a
t hiickness-rel ated profile obtained by the nonitor; (b) conpare t

cal cul ated thickness profile t9 a target thickness profile; and® &&AYaamust
a pressure in at |east one carrier headichanber based on results of the
conparison. In general, the chanber pressures can be adjusted in real tine

as a parti cgieauiffeiieio tchtBeCMP PRbéthad obHME dedilRl FhARESoN B SRS Re CAN
be obtai ned sinultaneously with polishing of the wafer, and the ¢hanber

pressure cap, t@ﬁs A F%Ia ' ap%ﬁ bge%f{ﬁ}l«ﬂcgﬂ t Q&]t}gﬁm%go%@sw% o%?e{i}é Sgic ng

S
surface. I n other |rr'p enen Ions, t CcKness-r neasur enen

sanple wafer c be tained and c ared .to the target profile so that

20 bt ment SePGHHE S RE PSP BUS YRS S AU RABYST B b o dur i ng
polishing of other wafers. In various inplenentations, one or nore of the
follow ng features may be present. Adjusting a carrier head chanber
pressure can change the pressure distribution between the wafer and a

pol i shing surface. The carrier headStBMMARYude a fl exi bl e nmenbrane which
provi des a pressure to the wafer in a controllable | oading area so that

adj usting a chanbein peress Liceodag 6 @nt aspect, AengiRise\potistlapph watertiugesa wafer in
the | oading area. For exanple, if conparing the cal cul ated thickness

profile 10 Jodkall @Y cdnlof KTRSWatRf &fr betheldBY & B4ifier hdi@thading @D je8ét chEThARLA! the
waf er is being underpolished, then a pressure in one of the carrier head

ad usti ng. ahlf pRER Ak RUEER RN LR reh AR g BB ed e wi

which the wafer is pressed against 6 the polishi sur.f ace. $.0 MAY 2t 102
-5 Obt ai ni ﬁ@clthiﬁsaiaﬁ?é%@g Uaipknedermelated measErmatagt (inwalesAd claifatingd ude
measuring intensities of reflected radiation fromnultiple sanpling zones
on the waf ghickimgse prodile)&ur thehwvefenbased pn diied thiskoess-reletsd exastrements. Ekanpl e,
either an ideal thickness profile or an expected thickness profile for a
particul ar calcoRtddrthickess pkofHb is@nipasias 3. tasdeicthickadsa ptofile. ODhaprassge in at

t hi ckness-rel ated neasurenments, calculating a thickness profile, conparing

the cal cul atRdoAdaskaanad BERhbd & dusded BsaLon BLIEKABS chhPish®, and

adjusting a pressure in at |east ohe of the carrier head chanbers can be

| matoment ati ons. calt inrae RihsRERO AR R RRf eh AL g el

Variations in the wafer polishing praocess, such as environnental
vari at i ons byveiararihead hpvingumuiipde ehnnbsrsihat cas appldndependentlpvanable t he avp
apparatus itself can be conpensated for to provide a nore uniformand nore
pl anar sur fpaessureStomblipleregioas bhthe ovederi he Imeethcat iacladesdtitaihing ititlaressit
regi ons of wafers are polished can be
related measurements of the wafer during polishing and adjusting a pressure in one of the
carrier head chambers associated with a particular zone of the wafer based on the
thickness-related measurements.
A chemical mechanical polishing system also is disclosed. The system
includes a wafer polishing surface and a carrier head for holding a wafer. The carrier
head includes at least one chamber whose pressure can be controlled to apply a

downward pressure on the wafer as it is polished against the polishing surface. The

system also has a monitor for obtaining thickness-related measurements of the wafer



conpensated for nore easily. Although it will often be desirable to
conpensate for such variations so as to obtain a substantially planar
surface, it nay be desirable in sone cases to vary the carri egUMﬂManber
pressures so that different regions of jhe wafer are polished to different
t hi cknesses. Ot her features and advantages will be readily apparent from
the detail ed .descr.iption, draw . ngs and ¢l ai BRI EF CRlI PT| ON OF THE
o NGs. Feing op e ERnER BRRLRREs Foll okl MRtk p ehrRhihani ca
pol i shi ng appar at us. 3, 0 MAY 7f102 -G FIG 2 i side view of an

Exenpl ary CRBWPESY G0 lshlal » opkness mellaphina pirder AR R Ay ek rew e Pt
interferoneter for use in the invention. FIG 3 is a schematic

cr oss- sect iPEHHE obtaggddy theymenier (ropmparertheealpidatgd thiekngsseprpfiletth @ targotent i on.
FIG 4 is a graph illustrating how the value of a contact dianeter of a
menbr ane i thitkress profilernéégddjrat 4 pressnird in at eastprressuice head damber bashéonarri er
head chanbers. FIG 5 is a block diagram show ng a cl osed-1oop control

waf er pol i sésultgofihetcempagdsesm; ding to the invention. FIG Gis a flow chart
of a nmethod of closed-loop control wafer polishing according to the

invention. FIG 7 j i | I : : 1 FI G
8 shows exenpl ary Izo%]éggltaggﬁi&v?fa gl; %?ﬁ%ﬁ{@é@%&‘%&%&%{i ﬁﬁ_{bﬁd\ﬁxﬁéﬁgﬁgaﬁ@?ﬁr FI G

1, multiple sem gonduct qr ers,.1l0 are polished by a,chem cal, nechani ca
pol | shi ng. ¢ B8 PElea S hELTAR S} BRI TS selhe LINE] S RE0AY
previously-forned fil of |ayersg. The polishin pparat ys 20 includes a
series of b‘ﬁ&i g%ﬁwh'ggﬁq %@fjgr, gpd aﬁc‘}?’-&m%’&alﬁgﬁséﬁﬁ 3p 56 iustod withaut remgiger
station 23 serves nmultiple functions, including receiving individual wafers
10 from a theavidfeyfrapphe polishingrrurfagh dwotherimplemegtatings, vhitlness-relatedi ng t he
wafers into carrier heads, receiving the wafers fromthe carrier heads,
washi ng t heneamfremsntagfih samplo avafférivah by obtalred ahé tompared tetheedrgst préfile kot o t he

| oadi ng appar at us. $ 0 MAY 2002
that adjustments to the chamber pressures can be made prior to or during polishing of
other wafers.

In various implementations, one or more of the following features may be
present. Adjusting a carrier head chamber pressure can change the pressure distribution
between the wafer and a polishing surface. The carrier head can include a flexible
membrane which provides a pressure to the wafer in a controllable loading area so that
adjusting a chamber pressure can control the pressure applied to a wafer in the loading
area. For example, if comparing the calculated thickness profile to a target thickness
profile indicates that a center region of the wafer is being underpolished, then a pressure
in one of the carrier head chambers can be adjusted to reduce the size of the loading area.

Similarly, adjusting a carrier head chamber pressure can change a downward

force with which the wafer is pressed against the polishing surface.



_7_ Each polishing station includes a rotatable platen 24 on which is

pl aced a polishing pad 30. The polishing pads 30 can include a backing

| ayer 32 and a covering layer 34 (FIG 2). Each platen 24 can bg(pg?ﬁeﬁﬁfd
to a platen drive notor (not shown). For. nbst polishing processes, the

pl aten drive notor rotates platen 24 at'st‘hirty to two hundred revol utions

per mnute, althou |.ower. or higher .rotational eeds. may.b sed. Each
pol i shing station %alaln&fh‘ic qsdiereatgd B}EHS‘E‘(’)’HE‘%? p@ﬁlgﬁ@gﬁﬁ&%z@eaﬁsglng

mai ntain the condition of the polishing pad so that it will effectively
pol i sh waf eintensitisspf relgcted radiasionifrpse matinle snpling zonpsnythe wafery The tarpe
surface of the polishing pads 30. A rotatable nulti-head carousel 60 is
support ed bhicknesprefile pas tepbBemntbriesample atither sihelealahickimssprodilcar ausel axi s
64 by a carousel notor assenbly (not shown). The carousel 60 includes four

carrier heagkpsytsd eHitknéts préfiR foeapaticiastimé2n telpolishihdproeédsousel notor to
rotate carousel support plate 66 and to orbit the carrier head systens and

the wafers attacheddaigiislip dRAkhe UNEKERL AR mdkhFerihes, THERRALa L he

carrier head systens receiVe and hold watfers, and poli t hem pr essi ng

t hem agai nst.; t,shin ds. anwhj e, on he. car.ti.er _head st ens
Fecel vee. o TiskBESSBRNEXolbabRE e LR dfp B BreflehF A i3 PORR T cae
one of the stations includes an in situ rate nitor that is capab)e of

obt ai ni ng dg@éd&ﬁan%amﬁﬁwwq?%f ERHRILE FRTiSH W0 CRTBPSTREALRE BB ¢ he

waf er during the CMP process. One such thickness neasuring technique is

di scl osed imulws.nm@ﬁ&tngm@qemag pomp®teylal walsr. 09/ 184, 775, filed on
Novenber 2, 1998, and assigned to the assignee of the present invention.
That application, Wariohs thsemediatsorarcan inciidewne oealord offthe fdkswing ng appar at us
and techni que that can be used to provide a radial profile or dianeter scan

of thi cknesgivath@dse VARASHE iaMRINvafePpolidhtngyb&dss, sush s wirbamatteldvafatiens) by
$ 0 MAY 202 _g_reference. As described below, the wafer thickness-rel ated

data obtai r\%ﬁa@é(nstih%vdfé& 2*1(.{1 %lrgfrlys,cm%ﬁamiiﬁ e CRIPUDRSARS ilsQeehAgk data for

a CW° control system enentation of an 1n sirtu thickness nonitor 50
is showmn irr FIG 2..A hole 26 is forned in the platen 24..and, a

{1 anspar en{COMPERSLET ILPPERaanats Y EE pimorP ol sids SiRlhAg 30
overlying the hole. An optical monitoring syst m 40 is secured to the

pl aten 24 d@ratiensiy thrdigteat whighediffgreat regions af watess 4 paiishgd c#ebol at en. The
optical nonitoring system 40, which can use interferonetry, includes a

| i ght sour cempénsatadcior ewracdsdg.ehthawgh ia wilbofert oy desBabld hecdmppnsate arrsuch 44
generates a |ight beam 42 which propagates through the transparent w ndow
36 and sl urvayia@déhstse aks BPbBER dpbRakthelyplfans adfauSit aae boleditadleiieme toses A

position sensor 160, such as an optical interrupter, can be used to sense
to vary the carrier head chamber pressures so that different regions of the wafer are
polished to different thicknesses.

Other features and advantages will be readily apparent from the detailed

description, drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an exploded perspective view of a chemical mechanical polishing

apparatus.



when the wi ndow 36 is near the wafer 10. O her techni ques, including
spectrophotonetry, can be used to obtain thickness-rel ated neasurenents of
the wafer. In operation, the CWMP apparatus 20 can use the thiclgng %tor
50 to determ ne the anount of material  hat has been renoved fromthe
surface of the wafer 10, the remaining thickness of a thin filmlayer, or
the range of thic sses SS, 1 i .appar.atus 20 al so
can determ ne thelﬁ\?\ngt it g\}gé g're n%%%&%ﬁ{aﬁ%?ﬂ%ﬁ r%%ﬁgr}lgﬁmg?g%m% he standard
deviation in the t gli Eknesses renoved divi.ded 23/ t he average thickness
removed, niAPRIANYS iBEluBnE PAGPIICUANRIERIPIGmATer JOr Yshdn HSAAYERFIAR: 20 can det er ni ne
when the surface has becone planarized. A general purpose programuabl e
digital conputer 48Gi3iscnipprmatie erossheectionnd viemof anraxeplasy carietiadfer t he
position sensor 160. The conputer 48 can be programmed to activate the

| aser whenusehe theafieentiganeral | y overlies the wi ndow 36, to store intensity
nmeasurenments fromthe detector, to display the intensity neasurenents on an

output 3 0 MAY ZNE02is Ogrdsty ilRStrétthe How Gdhvaledta chidcti dirhétad oftahi ckness,
polishing rate, amount renoved and remaining thickness based on the

Intensity Brah€ etk Rarr ?ﬂe&dlc\zagl%% Qfith tﬁﬂ@re&%& ﬁlmn@%igr[%do%m&%ead“dd' tionally,
as discussed I n greater detal el ow, t conput er I's programred to use
t he feedbagk (ij)ata obtained fromthe optical nonitoring system40 to adjust
the press 3?) er§ppl ied to the back surface of the wafer 10 during

pol i shi ng. Becaus he, t hi ckness of the thin filmlayer varies wth tinme as
the wafer is poli ?ﬁ‘édf'e ’St?}%‘)@i @ﬁ%ﬂamoihwmg 4 ¢laspdrlner psited pafer palighing vari es
with time. The time varying output of the detector 46 can be referred to as
an i n-si t Lsystem ascordinectoftbamivertiamnt trace and can be used to determne the

t hi ckness of the wafer layers. In general, the optical nonitoring system 40
measur es the int ef5Gt§isaf flovetharofeomethdd af tlosedFloopconttd! impilfer podishihg Nng zones
on the wafer 10. The radial position of each sanpling zone is cal cul at ed,
and the i nicesidgtto MRamvERMANt S are sorted into radial ranges. Once a
sufficient nunber of intensity nmeasurenents have been accunul ated for a
particul ar radi al i I fromthe intensity
measur enents for FL%’?gggﬁg%@%guégggﬁsgﬁ%gftlhg%lmgghﬂ%@qused to calcul ate
the initial thi ckFE(isg gPol i shi ng rate, remai.ni ng thickness, and anount
removed. | n addit o, S SONSSXEMBRREY 24068 0B A& dss of a fil m deposited on the
waf er can be cal cul ated. Further details are described in the

previ ously-nmentioned U S. Patent Application Serial No. 091184, 775.

Al ternative techniques al so can be used to obtain a radial profile of the
waf er thi ckness. Referring adaERATIEIPDESCRIPEGEON carrier head system
includes a carrier head 100. A carrier drive shaft 74 connects a carrier
head rotati on not ag sHéwh th BB N, mattipl€semiconductor wafers 10 are polished by a

chemical mechanical polishing (CMP) apparatus 20. Each wafer 10 may have one or
more previously-formed films of layers. The polishing apparatus 20 includes a series of
polishing stations 22 and a transfer station 23. The transfer station 23 serves multiple
functions, including receiving individual wafers 10 from a loading apparatus (not shown),
washing the wafers, loading the wafers into carrier heads, receiving the wafers from the
carrier heads, washing the wafers again, and finally, transferring the wafers back to the

loading apparatus.



head 100 so that each carrier head can independently rotate about it own
axis. Each carrier head has an associated carrier drive shaft and notor.
The carrier head 100 $ O MAY 2D02 -10 performs several mech@®i MaAY 2002
functions. Cenerally, the carrier head hol ds the substrate agai nst the-
pol i shing pad, distributes a dowward pféssure across the back surface of
the substrate, tra sferoj. or que, fr.orln he dri‘éf Ighafé to th .su@ztﬁ{ate, and
ensures that the stBePAisBINgSRIIoRdpcludes g raiatabi RIATH & B tvhighis Plaged f er  head
during polishing operations. Additionally, each of the carrier heads 100
has a cont m9HERBE BaghP@sThe polishng neds s herreineladonibacking layns3 2 and arowptieg d
pressure applied to the back of the wafer to be varied. A suitable carrier
head i s dedayerBédFiGh 2. BactRalaten24 Appbé camicetnd Sea platenNoive dtar@p8HOwni.i | ed
on Decenber 23, 1999 and assigned to the assignee of the present invention.
The di scl oder enasf pdlishingapedeseat the plateh driveanqgior mitaes plater 24 abthirtyefoamence. As
di sclosed in the foregoing patent application and as shown in FIG 3, an

exenpl ary qﬁhaﬂearremﬁ%nkg@r ikl dRBowkhNOWE d1%hidie rotatifiAP SeddSaIPhY udkdsd. a
gi nbal mechani sm 106, a loading chanber 108, a retaining ring 110, and a

bstr at . : . . : b ,
stch no. 5 FrGk pORIARSERR by fsd ioBlac'a YO LAk SEp A RS DR I ARG, BRT 1000
t hanber ,.1.38. .The |.qadi hanmber ., 108 i.s | ted pet the h [
02" and ' nopduan aE L RelifaeRt & A0 yikelsiely TSR Hel e GEbing! downaar d
pressure or weight, to_the base assenbly 104. A first pressure regul ator
(not shown PRIl afmg B rgn sipnlyeduaytothe syéace oA Hicrplichingpads 308 by a
passage 132 to control the pressure in the | oading chanber and the verti cal

posi tion of base aAgetatsble thOUi-head waroesel I68dksupgodesbyrbentdrpdst 62cdnddes a
flexible internal nenbrane 116, a flexible external nenbrane 118, an

i nternal sugRRAthérédndbout £cadrdise]l s 6% b hRatousd) PRAST asSEriblg (10t 8hdwdh). TasR
internal spacer ring 122 and an external spacer ring 132. The flexible

Nt I : . o : . ¢
the v er | TR 60 HASTH GRS nERT s M RcHel Gt BERIOREBEERIN S, Lo
b mbl 04 and the int I 116 that | led b [

fiap 144 pRstrddoRRainBelibrtars T At Ao Brar isn i3 438 an e annul ar
vol une between the base assenbly 104 andthe internal nenbrane 116 that is

seal ed by wtyeéers atiached thepetq abous the earruse! axisy Tiseqiel the syrierhead spdems i zabl e

floating upper chanber 136. A second pressure regulator (not shown) can be
connect ed tesedierand thofd wiafdrssargtpolish them by pressing them against the polishing pads.

Meanwhile, one of the carrier head systems receives a wafer from and delivers a wafer to
transfer station 23.

At least one of the stations includes an in sifu rate monitor that is capable of
obtaining data and calculating thickness-related information about the wafer during the
CMP process. One such thickness measuring technique is disclosed in U.S. Patent
Application Serial No. 09/184,775, filed on November 2, 1998, and assigned to the
assignee of the present invention. That application, which describes an in situ, real-time
measuring apparatus and technique that can be used to provide a radial profile or

diameter scan of thickness-related measurements of the wafer, is incorporated herein by



as a gas into or out of the floating upper chanber 136. Simlarly, a third
pressure regul ator (not shown) can be connected to direct a fluid into or
out of the floating | ower chanber |34. The second pressure reg8Dakay 2002
controls the pressure in the upper changer and the vertical position of the
| oner chanber, and the third pressure régulator controls the pressure in

the I ower chanber 134, The.pressyre in the float] pper. chanmber 136
control'e. ¢ HEREOREad dasedtbe PIBRG it Rnsvapaled e R BinG RORE In 9
surface of the external nenbrape 118. Thus, the second and third pressure
regul at or s thigkeessmanptar irused oy feedhackdnta forpChifasaatel ffstceh pressure is
applied, in other words the | oading area, and the downward force on the
substrate in the | @adimglemeatatiomhfars aadiwdhighnassrmopomilis shoren imFI&r. 2alA
menbrane 116 and the external nenbrane 118 defines a pressurizable outer
chanber 13&oleR6 Bubtnedinaksplaen 2dgatdad wanspaeiht windww)36dafored donpetibadft O
passage 140 to direct fluid such as a gas into or out of the outer chanber

138. The fqué %&isﬂ[r%s;ﬁu_r% dv@grﬂngtt&r hSI&NALVplicdl RENNOARS Yysterh B0 1R el &5
chanber 138. 1 n operation, flurd is punped into or out of the floating

| ower chamhgy %ﬂg?egangg%eﬁg{;xhggg%&m%g fl&‘%?%;n 895‘?ﬁ§ Wi RE plafis, iT’Ne%Ea? | fenbrane

116 against t rane erefore, against e waf er

10. Fluid is ed intg.or,out of th 3 fl MAY 2000 - 12 fl| gati upper
chanber 13@BtERRey BFm A EGH eaR bsciRfepngt, Modes ALeht B oticas
agai nst the external nenbrane 118. Thus, the carrjier head 100 is able to
control botl#set.iad aslgteckny 46r dhe Habt sonEce i asacrates apight keam 42 whish pransgatep .
FIG 4 illustrates graphically a relationship between the pressure (P3) in
t he upper fthoagh thg teinapdrent wiséovado andguoy 38 de impingaupdn theexpasedsurfdce of
menbrane 116 agai nst the external nenbrane 118. In FIG 4, the external

nmenbrane prgsabfee 10.PAlposition skher Qm,espc}cmmwticaﬁn@niuﬁte&_caﬁ be usddao germph
illustrates the contact area for various values of the internal nenbrane

pressure (R enitﬂe&/hﬁiobp?’ﬁgfn%ré mﬁrqb.a@?ﬁértﬁﬁﬂi’quéé' Q@nd romS psi to 6.6

psi. C osed-l1oop contro er polishing ring the process is
illustrated by F . and .6. wafer. 10.is he one of t carkier
heads. 1 00 aPePEsBhoEmsry a8 sty Eiefiin Mokl Rl PRl e
CWP process with initial K paraneters. The _initial paraneters  include the

pressures in the cleerseationshg CMBapparafys 39,gan usg theddickness saad@r abée) ot her
factors) including consumabl e variations related, for exanple, to the

pol i shi ng padrming thé amoynt af fretarial thet kasriwen cgnayed fileer BRBufacseddle waeni,ar | vy,
variations in the wafer, environnental variations and variations in the CW
system af figcientairénglshicknesssofaf thinfmOMerpoche smgaofthitknesses adress thd vafek t he

amount of material renoved fromthe wafer surface. Typically, such
vari ati ons gafffceN Othelappfaius 20 AlsbXah BéteMEiUE Bk Wiflii® wafer non-uniformity, in other
words, the standard deviation in the thicknesses removed divided by the average
thickness removed, multiplied by 100%. Additionally, the apparatus 20 can determine
when the surface has become planarized.
A general purpose programmable digital computer 48 is coupled to the laser
44, the detector 46 and the position sensor 160. The computer 48 can be programmed to

activate the laser when the wafer generally overlies the window 36, to store intensity

measurements from the detector, to display the intensity measurements on an output



the systemand are difficult to control. As the wafer 10 is polished, a
particul.ar radial thickness profile results. At a predeterm ned point
during the process, for exanple, after a predetermned time sifeMAY 2002
commencenent of the polishing, the in sjtu thickness nonitor 50 provides

| 52 thickness rel ated neasurenents to the conputer 48. The conputer 48 then
cal cul ates 154 a radial thj ckneﬁs profile fqor the wafer 10 based on the
neasurenenfjé‘”é‘bf'%ritﬁéﬂc‘ﬂlﬁ‘@rfl’? Hatig! thigkness polisingyrafia pmogpbrempye tor 50. In
ot her words, the wafer thickness at nultiple positions fromthe wafer
center to tdmainiagzdhicknigebised oaltlaintensity measusaments; a8 daters theglobishiaged waf er
t hi cknesses may represent average thicknesses for each radial position.
Next, the eadpintatéeditidnaliikreesisscpssed id greatsr danipbeled, the@omputar 4&isget

t hi ckness profile. The target thickness profile can be stored in nenory

170, for examphimedRROVhARAIERR dABRILESSAL fréH thel§tcaM@bfiforinpisgaas® rof il e
which is desired at the predeterm ned point in the CVMP process.

Al ternativek. r ' f ] r . Bl ckness

rof i et napbithSBreb AR appllef KRS Selek o f AP RR 1B3ERhe Bl UEATT" o
i npl enentation, t target profile and.t al cul ated profile are conpared
by cal cul ating a yﬁf“f‘%ﬁgﬁ%gﬁﬂﬁ?wﬁﬁﬁ ﬁ’é“ g@?&é@bﬁﬁlﬁﬁ‘@thﬂm’%ﬁfg%éﬁ&él%es for
each of the thickness profiles. For exanple, the thickness value in the
target propolished.ghe sigpalrontmfrom tha detgrtopté plsp yariesamitibimey Fhe Hmeaaryingm t he
correspondi ng thickness value in the cal cul ated thickness profile for the
sane radi abutposéftthedetedibedd esibet refesred te ey areig-sil: refldctace meeswerhersdraeach of
whi ch corresponds to a radial position on the wafer 10 and which represents

the di spar hid/cdncBenaentd ferihddk thibkinesthe datkrifiereal cul ated thi ckness at
the particular radial position on the wafer. Conparing the two profiles can

be performed el thef dofledd iRt RaiGhodRIHNRY o0 HBRE (RSAEATARS. f Or

exanpl e, by the conputer e result ~“of the conparison bet n the

target thickne val ues. and t cal cul at ed t hj,ckness. val.ues,.i roviged to
2 control | ETee8 iR e Pl i s SE MR\ it BT
fromthe conputer 48, the contraqller and conputer can be part, of a,@ii ngl e
conput er sﬁgéﬁmphas zoRgys Falevlagd. and theuntensiy greasurementsage sortes|infp d@onput er
system can include, for exanple, one or nore general purpose or speci al
pur pose prroges dscegonffigentewimber planfepsity mhzsutamenty kave bodn achemulatdufoes 48
and the controller 175. 3 0 MAY 2002 - 14 Instructions for causing the
conput er sygtient adipbrangé,m mbdd durdctiog iy @l aahfrbe thé ditaditpmeasurements

for that range. The model function can be used to calculate the initial thickness,

polishing rate, remaining thickness, and amount removed. In addition, a measure of the

flatness of a film deposited on the wafer can be calculated. Further details are described

in the previously-mentioned U.S. Patent Application Serial No. 09/184,775. Alternative

techniques also can be used to obtain a radial profile of the wafer thickness.

Referring again to FIG. 1, each carrier head system includes a carrier head
100. A carrier drive shaft 74 connects a carrier head rotation motor 76 to each carrier

head 100 so that each carrier head can independently rotate about it own axis. Each

carrier head has an associated carrier drive shaft and motor. The carrier head 100



a storage nedi um such as read-only-nenory (ROM. In response to receiving
the conparison results, the controller 175-uses the results to adjust |58
the pressure in one or nore of the chanbers 108, 134, 136, 138 bMAYh2802
carrier head 100. As discussed above, the pressures can be adjusted to
change the downward pressure of the cal@ier head 100 exerted on the wafer
and/or to change the | oading area. For exanple, the pressures may need to
be adj ust eperfdrmsisevanasifragcheniga fusctivas.nGeparhliys teicaatiershead hélds thetsubsitage t han
the wafer center or if the wafer center is being underpolished. In

parti cul aragaidst thegotislihg padidistiibutued @swhwarl Presgurd nE@EPHE badledhrfachef mbanber
pressures can be adjusted to reduce the radius of the |oading area. In

other wor dghsfrate, tparn@féworcﬁfe (e Y BRI UNSR & He B R BCH dristiRs @at tRE center
of the wafer 1s greater than at areas near the wafer edge, thereby

pol shi ng B et SHEORCH MG B CElier AR roP i Rl o £ or

i ndicates that the wafer is substantially planarized or. until sone_ ot her
CMP end-poi nt is reklitrmgllyTeseh of thesarien Bends d 80 Hazk cuilable praspyrs epdt ed
above can be perfornmed one or nore tinmes during CVMP polishing of a

parti cul arloadihg arealwhich &léawsibe dewnwhnd pressureuappled to thebackanf theewathetocbe
chanbers can be adjusted based on thickness-rel ated neasurenents once or

mul tipl e tvaied. duguitabletdagiechEhdos dessibed o). SeRatepl ApplidatisieferiadOfp. adj ust nent s
to the chanber pressures can be perfornmed at some regular interval, such as

once ever yod 470, &R fifACEH 080enfbéf 219 959 8ndMBidRe® e asdighet @Fthe present
i npl enentations, it nay be desirable to performthe closed-|1oop control for

each waf er. jt i { . her. sit.uat i L. W ufficient to
perform @g%tth%@%J c!O%P%dOftt%g a@élbcgé%flsdg%rggﬂéfegi c})]le chr\lcl)\ir)}L %)erﬁ%g%cr%' nore test
waf ers. The adjustnepts to.the carrjier head chanber pressure bt ai ned for
the test wafers cads CQQP%%‘@EHEWFIfVCB%‘“%%tGmcﬂPPF‘F@‘Wdﬁﬁghoé’m 'I’?}Igfg’aaﬁ‘ entire
batch of wafers. The thickness-profile can be obtained after a period of

time T(n) exemplareearrigehsideOfdncledes adwysing d0hrichase avemblyt 10 akimed r enpved.
If the desired anount of material was not renoved fromthe wafer, then the
pol i shi ng mechanisan! Ufe a doddarpdehdmbyr H)8s awdthiningiringof10; amdes subsirdte bsckomge second.
The process can be repeated unti L the desired amount of material has been

removed. |gysémily iR veieinafutiedthred preemiiAblashembes, fieh ias A @datiny @pst andar d
operating node 1n which the floating chanbers 134) 13G are depressuri zed,

and the ouherhENAIRGohaR: IobePLfisitbth 138 AnlianBRRE Khdnbiisser m pressure Lo the
I e sanple warer 1s t

entire backside of 'the wafer. _ en polished and, after
a predeterm ned Pehe %jadmg chambér My i§ ¥oncgtséa_bre%|/eae¥1%(1je housing 102 and the base

assembly 104 to apply a load, in other words, a downward pressure or weight, to the base
assembly 104. A first pressure regulator (not shown) can be fluidly connected to the
loading chamber 108 by a passage 132 to control the pressure in the loading chamber and
the vertical position of base assembly 104.

A wafer backing assembly 112 includes a flexible internal membrane 116, a
flexible external membrane 118, an internal support structure 120, an external support
structure 130, an internal spacer ring 122 and an external spacer ring 132. The flexible

internal membrane 116 includes a central portion which applies pressure to the wafer 10



measurenents of nmultiple radial zones of the sanple wafer are obtained and
converted to a radial thickness profile. The thickness profile is conpared
to a target profile, for exanple, a substantially flat profil

differential thickness Ot" is obtained for each radial zone n on the wafer.
Each differential thickness fit" repreéénts t he difference bet ween t he
measured thickness and the target thickness for the n h zone. Based on the
measur ed t fin ekerdglablegirea: Hehowpfwne betweerhihe drser asserably (IR pndshsrivtemall in units
of A/ psi/second and i ndicating an average rate of renoval of nmaterial from
t he waf er aambrencobitbahatdsl seakedthyf dncinsertflapl 14g pesddesahOpressanizatiie Aqatiigs t he
difference in pressure between the external nenbrane pressure (P 1) in the
chanber 13&vidrdhhmBer B4 MhalanAE AV AGe BEOREH IR HaB2dssémblyN®4ahamahteldd, 1S
sel ected. Typical exanples of the differential pressure OP are in the range

of about ORgiRaReMS BAL 19§éaied’%§5r\’l@lrﬂlgrﬁb p 184 &d\&\(er?f%% dfméadé al zones on

the wafer and assumng t hat first zone (n=1 is closest to the wafer

center and s _cl o t he waf er edge the durations T~ for
ChreR ol pletsitla Fépé’g?%é“%?erg %eddg?.t wafers shoul d be polished using the
specified pressure differentials DP" to correct the t hi ckness profile can
be cal cul ated as f#ISEeRE pressure regilatpr (nptshowppean be gquneeiad fo dlreﬂpﬂ'ﬁlﬁﬁyﬂ P("))
+ (T(n+2) ' AP(n+2)/~P(n)) + . . . + (TM) ~ AP-)/AP(n))] In situations
where t he psagsunts afidut ef thetflaating sppeo nbaralver 136 h8inhitarbyyeitligd prgssatd on reduces
to: T~ _[At"/(aP" ' RA)] - (Cl~(,~+~) + T(n+2) ~ . . . -1- TM)~ For
exanpl e, r ea‘geramrr(goﬁ mob‘vhsi:arﬁbe donnédied ® caxreet 4 Auid mt@rbes)u( ohd flodth@rower =
(~t4/(OPQ" RF)], T3 = (O3/(~P3 "' RF)] T(4), T2 = [~t2/(OPz " RF)] -

(T(3) + Ttdy be?rf§4 TThesécond f)fegfu're reg%idr com(‘dr é gﬁe J?es;g %) 'ﬁz)T\fp?:% eha”bg

pressure (P3) in the upper oatl ng anber an t ect

that the | oa ten om the wafer, center to the radial S|t|on
of "the 1 r 85 DBATRCSS P e afieh preGnbeg and e oesiy Al el BonB ™t om
the wafer center to the radial position of the second zone (n=2) for a

dur ati on Tthe pressuteda diegwar ehpmbger bt sTHerprpssuredn e Boatingipper chamberel 36adi al
position of the third zone (n=3) for a duration T3, and the | oadi ng area

ext ends fr contfolethe@betacteedi afithd mtdrhal nientbrahe Pldsdgaimna wp suffecd afulid h zone
(n=4) for a duration T4. The pressure (P3) in the upper floating chanber

136 can becapmaOmbmBiae 138, ThEJ, HSecdnd and thikPpiesshrd Aguthtdss dorfrol thre dFeA2) / A3,

of the wafer 10 against which pressure is applied, in other words the loading area, and the
downward force on the substrate in the loading area.

The sealed volume between the internal membrane 116 and the external
membrane 118 defines a pressurizable outer chamber 138. A fourth pressure regulator
(not shown) can be connected to passage 140 to direct fluid such as a gas into or out of
the outer chamber 138. The fourth pressure regulator controls the pressure in the outer
chamber 138.

In operation, fluid is pumped into or out of the floating lower chamber 134 to
control the downward pressure of the internal membrane 116 against the external

membrane 118 and, therefore, against the wafer 10. Fluid is pumped into or out of the



3 0 MAY 2002 -17 where the loading area Ac = ~(dc)z/4, and A _ (d,)2/4, AZ
= ~(dz)Z/ 4, and A3 = ~(d3)2l4. As showmn in FIG 7, d~, dz and d3 are

di anet ers correspondi ng, respectively, to the outer chanber 139 MAMe200bwer
floati ng chanber 134 and the upper floating chanber Using the new pressures
and polishing tinmes, a nore planar surfidce can be obtained. In some

i npl enentations, the carrier head can include nultiple concentric chanbers
t hat can aflpating uppeneadier | 36 \panontibl e porisewreafitle midrnal presnbraneckdit ri ¢
regions of the wafer. Such a carrier head is discussed in U S. S 964, 653,

i ncor por at gghirye el axtdoyal nedneliramc Bl 8. IThuk sthe Birriechead 1001 dtde pOdon&Bl Bgh tiidhe
pressure in each chanber can be adjusted based on the neasured polishing

rate or anRyiingafEadhd preldite iptedto HERA@IDOFIEL £61ushBs %ﬁa&c&naﬁber- For
exanple, if the optical nonitoring systemdeterm nes that the edde of the

wafer is bei [ r t

pressure t x%'le{?x%gﬂgh f[b getrgﬁgg Eﬂﬁ{gﬁg‘%ﬁﬁg} {“B E%G@%E ﬂogtfg%%ﬂég‘b%gﬁgen%rtgﬁ ﬁ(%gg Ydurin g
t he polishin eration. The t ni qu described abov n sed to

roni For o FFF AL PR ikt T8 ARG i i Sba dreanbiats s On 116, £°6¢ ¢ he
carrier head chanbers based on a conparison of the measured thicknesses
with a targdemnelinenbase pressnre (R) imthgtoutes shambgyi 188 duhpsiy Thagraphdllesteates
polishing uniformty. The invention has been described in ternms of a nunber
of i npl enethe @bntactaredlfoe vanvanvikluves of theueemal membrant ptdssare €RR)tiw tHeHewer

i npl enent ati ons depicted and described. Ot her inplenentations are within

the scope @fating@hhmbéoMUNEhngIndiffem 5 psito®.44s1. 2002 - 18 VWhat is clainmed is:
1. A nethod of "polishing a water held by a carrier head having at |east one

charber whose pr e330A 1630 5o rhARL Lol ARRENACHP IR Biaan the

veafer, the nmethod conpri‘'sing: measurenents of
the wafer durj pol.i shing; calculating a_.thickness profile fo he waf er
based on tHEFIGY SRtie - Siilar 0 inbeld by SRl Fcéliﬁlﬁf)g?qdﬁd% ealiched Lo
thickness profile to a target thickness profile; and adjusting a pressure
in at | eaststatinn 2ansinga preamaisiyrdstepmined £3MB poocessewith indtial fpatametarpnpee i son. 2.
The nmethod of claim1l further including holding the wafer against a

pol i shi ng igitial pAr@mewheincliutde 8@ prsdsieg irathe hafibyre 168)dBgEeRB6anAr88 s uise

di stribution between

discussed above, other factors, including consumable variations related, for example, to
the polishing pad and slurry affect the dynamics of the CMP process. Similarly,
variations in the wafer, environmental variations and variations in the CMP system, affect
the dynamics of the CMP process and, therefore, affect the amount of material removed
from the wafer surface. Typically, such variations are not intentionally introduced into
the system and are difficult to control.

As the wafer 10 is polished, a particular radial thickness profile results. Ata
predetermined point during the process, for example, after a predetermined time since
commencement of the polishing, the in sifu thickness monitor 50 provides 152 thickness-

related measurements to the computer 48. The computer 48 then calculates 154 a radial

thickness profile for the wafer 10 based on the measurements obtained from the thickness



the wafer and the polishing surface during polishing. 3. The nethod of
claim1 further including holding the wafer against a polishing surface,
wherein adjusting a pressure changes a downward force w th whi3ch Mave206tf er
is pressed against the polishing surface during polishing. 4. The met hod of
claim1 wherein the carrier head includés a flexible nembrane which
provides a pressure to the wafer in a .controllable | oading area, and

wher ei n adjefitong0alppthecyerds, the wates shigjessatinytiple posisieny Bomthgwafer
pressuri zabl e <; hanber to control the pressure applied to a wafer in the

| oadi ng ar eenter to3h@waiky edgx0id calculgted, IThmnereashndhadalailaecdwafenthickaiesses he
carrier head includes a nenbrane which provides a pressure to the wafer in
a contr ol | ablyaepresdt ageragecthickacsdesfoe eahradid] pisitiong a pressure .i ncl udes
adjusting a pressure in a pressurizable chanber to control a downward force

wi th which the wafRexti theRhRERED tRIGRAS brodilPRIcofPaRd 15616 A€Rget Bhiclgs Net hod
of claim1 further including repeatedly obtaining thickness rel ated

measur enen a j i r.efld e, N | cul at ed

b okness BEATET LRt e e B e e ot cseur e
in the at ne.chanber of the carri.er. head with respect 19 .jhe wafer.
7" The. et FERRGMARd EA Friarettan ot S PR SR ety Wk BB ked @b ane whi ch
provi des a pressure to the wafer in a controllable | oading area,_ and

wher ei n, i Predgispained goinkin the MP aracgss: Hiligepativelypthsitanget thiskaess grafile can

thi ckness profile indicates that a center region of the wafer is being
under pol i s hepd¢sentrethicknpssguafile¢hadt is expettediat thatmwingan thecCMRguetesh afibrerding
adjusted to reduce the size of the loading area. 8. The nethod of claim1l

wher ei n obt@bnd iRplénématies teltelgat RofilRAg Wiciiul Sedprofilearvoddpartd sy udes
measuring intensities of reflected radiation froma plurality of sanpling

zones on tpY \Wahify a di?fer%gg PEQ?\{?PQ %e@on@%ﬁ;ﬂnﬁ éﬂf?%r?e%b Dathfrot @ifcﬂ%tf tjd1i ckness

profile represents an i ckness a particular tinme in the

| i shi . ) I = ) h hod of | ai ] i
Poe tar oo HikeRspaties, Bl Snile Me bieRodyalbd S FRab e FonfeeBdhaafIRL i 0 &

particular tine in the polishing process. 11. A nmethod of polishing a wafer
hel d by a radial pesitipeaan Prasibigetad fromatbe cormespenting Hyckpgesswalysrip dhg gadcudated pe
controlled to apply a downward force on the wafer, the

thickness profile for the same radial position. The result is a series of difference values

each of which corresponds to a radial position on the wafer 10 and which represents the
disparity between the target thickness and the calculated thickness at the particular radial
position on the wafer. Comparing the two profiles can be performed either in hardware
of software and may be performed, for example, by the computer 48.

The result of the comparison between the target thickness values and the
calculated thickness values is provided to a controller 175. Although the controller 175 is
illustrated separately from the computer 48, the controller and computer can be part of a
single computer system that may include hardware and/or software. Such a computer
system can include, for example, one or more general purpose or special purpose

processors configured to perform the functions of the computer 48 and the controller 175.



met hod conprising: obtaining thickness-rel ated neasurenents of the wafer;
calculating a thickness profile for the wafer based on the

t hi ckness-rel at ed nmeasurenents; conparing the cal cul ated thi ck?%s‘aA\prﬁzi | e
to a target thickness profile; and adjusting the pressure in al |east one
carrier head chanber based on results-df-the conparison so as to change the
size of an area of the wafer to which a downward force is applied. 12. A
met hod of potugtignsdoncansing thegoneputsr systemirte performeli@shimcmensaan be sioredome
chanber whose pressure can be controlled to apply a downward force on the
waf er, theas®ripgednatimprsush myeadiohigimemaryf(ROM).waf er in the carrier head and
pressing the first wafer against a polishing surface; obtaining

t hi ckness-rel at ed Ineasgpohan@iécivihg tHeeofpagionwadidss, tecomepleell V50ies die
calculating a thickness profile for the first wafer based on the thickness

rel ated W%%HH@M%@% 158 theprédbite 290re ordhore D MMRAEHaRBetsNDSC AL Wb ALY of
t hi ckness profile to a target thickness profile; and adjusting a pressure

in at |eas : ' h ggﬁgr - rison so
as to affe%eQ?ﬁgggéétﬁ%¥'%gggéga 0 0592@% Squ§%3?§hégﬁﬁgﬁégﬁﬁgﬁgf o whi ch
a downward,force s appli.ed duri 1 shing. 13. met hod of polishing a
et or el adeyaad press B e Farie it P04 PrtRE on ibkweleEEdlito ShaeE

i ndependent |y variable pressures to nultiple regions of the wafer, the

met hod conjeepisigmeea. dior Skamplg, the prassisesmpynepdda bpadivsied idhe wafr edgraiswaf er
during polishing; and adjusting a pressure in one of the carrier head

chanber s abasing palished at 4 Hiffergnardte thah slie wafeecenterton & thafvafer bergerds bainghe
t hi ckness-rel ated nmeasurenents. 14. A chemi cal mechanical polishing system

conpr i si Ngyunderpiishéd. Pl gastidult, if tHef RERY ofithe Aafdres béig@dndeppollRRbdlitig a waf er,
wherein the carrier head includes at | east one chanber 0ose pressure can

be_cont r ol LigPpRAlss AndRUANRI B HARRUE ilud HENIH:Bingd%ed IniofPOl | Shed

agai nst the po ng surface, a nonit obt al ni ng ness-rel at ed

tmﬁ ?iﬁ;g ;nss n%fs)#:‘ qhé ?)? GI of thcgi grreissn e x?cl ﬁoﬁgh{r]l% 'time-af the’ cetnrt]e?tof a;[c:o\{/a er i5 g}e%{eget
than at areas near the wafer edge, thereby compensating for the underpolishing. After
adjusting the chamber pressures, polishing of the wafer 10 continues 160 until the in situ
thickness monitor indicates that the wafer is substantially planarized or until some other
CMP end-point is reached.

The closed-loop feedback control illustrated above can be performed one or
more times during CMP polishing of a particular wafer. In other words, the pressures in
the carrier head chambers can be adjusted based on thickness-related measurements once
or multiple times during the CMP process. For example, closed-loop adjustments to the
chamber pressures can be performed at some regular interval, such as once every fifteen
seconds, during the CMP process.

In some implementations, it may be desirable to perform the closed-loop

control for each wafer as it is polished. In other situations, it will be sufficient to perform



a processor configured to: (a) calculate a thickness profile for the wafer
based on a thickness related profile obtained by the nonitor; 3 0 MAY
2002 -22 (b) conpare the cal cul ated thickness profile to a talSdeMAYhBkness
profile; and (c) adjust a pressure in at |east one carrier head chanber
based on results of the conparison. 1515Fhe system of claim 14 wherein the
carrier head includes a flexible nmenbrane which provides a pressure to the
waf er in athechesediloemeantiobbdiong onmess tegrvifonie ToE Adiuptemepisde dwsarrigr dead
configured to adjust a pressure in a pressurizable chanber to control the
pressure apimmied ptassurbeobtaihed farnhd fest waferdicay sutrsequelndy déd used duniag @NiPar i son
results. 16. The system of claim 14 wherein the carrier head includes a

menbrane Wbleshiny SPAndRSirebAdILsSMAferst 0 the wafer in a controllable | oading
area, and wherein the processor is configured to adjust a pressure in a

pressur {2201 o charhgyy Ryl e, SRt lnl G B30 IR R AR L1

conparison results. e’'system o erein I'ckness
profile stored in the nory.represents an ideal. .thjickness profile for a
ot cul ar WEhe (e <P AbRubn LA R B B hoyed B e SRR B Phimaforal
wherein the target thickness profile stored in the nmenory represents an
expect ed t WeERetdeRopehirpmehe wates, then the paligiing g cambe exterded by g smplldindfc esss.

3 0 MAY ZOQ2 - 23 19. The systemof claim 14 wherein the nonitor is
arranged t of tieaunh avamaseeomht Bhegirocess Cancheadpeadeti wttil thre desioed am@intioéil i ty of
sanpling zones on the wafer during polishing. 20. An article conprising a

conput er - r gratbaial kasrBeen temdvedl St ores conputer executable instructions for
causing a conputer systemto: obtain thickness-rel ated neasurenents of a

waf er during pol i §RioRgimfFRneHatbs asahBleakaess pRlislddlif asBhadiopdalifs Pased
on the thickness-related neasurenents,

mode in which the floating chambers 134, 136 are depressurized, and the outer chamber

138 is pressurized to apply a uniform pressure to the entire backside of the wafer, The

sample wafer is then polished and, after a predetermined period of time, thickness-related

measurements of multiple radial zones of the sample wafer are obtained and converted to

a radial thickness profile. The thickness profile is compared to a target profile, for

example, a substantially flat profile, and a differential thickness At, is obtained for each

radial zone n on the wafer. Each differential thickness At, represents the difference

between the measured thickness and the target thickness for the n™ zone.

Based on the measured thicknesses of the wafer, a removal factor (RF)
expressed in units of A/psi/second and indicating an average rate of removal of material
from the wafer can be obtained. A differential pressure AP, which equals the difference
in pressure between the external membrane pressure (P1) in the chamber 138 and the

internal membrane pressure (P2) in the chamber 134, is selected. Typical examples of

the differential pressure AP are in the range of about one to several psi. Assuming N



conpare the cal culated thickness profile to a target thickness profile; and
adj.ust .a pressure in a carrier head chanber based on results of the
conparison to adjust a downward force on the wafer during pol 8$hMAY. 20821
The article of claim20 including instructions for causing the conputer
systemto adjust a pressure in a presslfrizable chanber to control a
pressure applied by a flexible nmenbrane to a wafer in a controllable
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adj ust the pressure in the chanber based on the conparison. 23. An article
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i nstructions causing a conputer systemto: obtain thickness-rel ated
measur ement s_dyr i Pl s hj of é r.held by a carrier head having
multiple c an%@@ﬁaﬁéﬁﬁ@%ﬁ‘l’yAﬁﬁ& E‘n’éient |y variable pressures to
multiple regions of the wafer; and adjust a pressure in one of the carrier
head chanmbers assélated®RiefidBmparti ¢(lav) ‘Afee/Mimlhe wafer based on the

t hi ckness-rel ated nmeasurenents. .A A& .AF . A ATHO . AL .AF{ . A .A .AF
. Al hLI . ARfEsitwdtiongWhere, thypressure differontial id cpnstant, the foregoing equation reduces

to: .
T = [At/(APy - RF)] - (Tint1) + Ty +. .. + Towy).

For example, referring to FIG. 8, if there are four zones (N=4), then

T4 = [At/(AP4 - RF)],

T3 = [At3/(AP; - RF)] - Tea),

Ty = [A6/(AP; - RF)] - (Tgy + Tsy), and

Ty = [Ati{/(APy - RF)] - (Tpy + Tay + Tiay)-
The pressure (P3) in the upper floating chamber 136 can then be selected so that the
loading area extends from the wafer center to the radial position of the first zone (n=1)
for a duration T}, the loading area extends from the wafer center to the radial position of
the second zone (n=2) for a duration T,, the loading area extends from the wafer center to
the radial position of the third zone (n=3) for a duration T3, and the loading area extends
from the wafer center to the radial position of the fourth zone (n=4) for a duration Tj.

The pressure (P3) in the upper floating chamber 136 can be approximated as follows:

P3 = ((P2-P1)Ac + P1A, - P2A,)/As,
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comparing the calculated thickness _proﬁle to a target thickness profile; and

adjusting a pressure in at least one carrier head chamber based on results of

the comparison.

2. The method of claim 1 further including holding the wafer against a
polishing surface, wherein adjusting a pressure changes a pressure distribution between

the wafer and the polishing surface during polishing.

3. The method of claim 1 further including holding the wafer against a
polishing surface, wherein adjusting a pressure changes a downward force with which the

wafer is pressed against the polishing surface during polishing.

4. The method of claim 1 wherein the carrier head includes a flexible
membrane which provides a pressure to the wafer in a controllable loading area, and
wherein adjusting a pressure includes adjusting a pressure in a pressurizable chamber to

control the pressure applied to a wafer in the loading area.
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6. The method of claim 1 further including repeatedly obtaining thickness-
related measurements, calculating a thickness profile, comparing the calculated thickness
profile to a target thickness profile, and adjusting a pressure in the at least one chamber of

the carrier head with respect to the wafer.

7. The method of claim 1 wherein the carrier head includes a membrane
which provides a pressure to the wafer in a controllable loading area, and wherein, if
comparing the calculated thickness profile to a target thickness profile indicates that a
center region of the wafer is being underpolished, then a pressure in at least one carrier

head chamber is adjusted to reduce the size of the loading area.

8. The method of claim 1 wherein obtaining thickness-related measurements
of the wafer includes measuring intensities of reflected radiation from a plurality of

sampling zones on the wafer.

9. The method of claim 1 wherein the target thickness profile represents an

ideal thickness profile for a particular time in the polishing process.
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obtaining thickness-related measurements of the wafer;
calculating a thickness profile for the wafer based on the thickness-related
measurements;
comparing the calculated thickness profile to a target thickness profile; and
adjusting the pressure in at least one carrier head chamber based on results of

the comparison so as to change the size of an area of the wafer to which a downward

force is applied.

12. A method of polishing a wafer held by a carrier head having at least one
chamber whose pressure can be controlled to apply a downward force on the wafer, the
method comprising;:

holding a first wafer in the carrier head and pressing the first wafer against a
polishing surface;

obtaining thickness-related measurements of the first wafer during polishing;

calculating a thickness profile for the first wafer based on the thickness-

related measurements;
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chambers that can apply independently variable pressures to multiple regions of the
wafer, the method comprising:
obtaining thickness-related measurements of the wafer during polishing; and
adjusting a pressure in one of the carrier head chambers associated with a

particular zone of the wafer based on the thickness-related measurements.

14. A chemical mechanical polishing system comprising:

a wafer polishing surface;

a carrier head for holding a wafer, wherein the carrier head includes at least
one chamber whose pressure can be controlled to apply a downward pressure on the
wafer as it is polished against the polishing surface;

a monitor for obtaining thickness-related measurements of the wafer during
polishing;

memory that stores a target thickness profile; and

a processor configured to:

(a) calculate a thickness profile for the wafer based on a thickness-

related profile obtained by the monitor;



3F 10%<& ()-3!10%<& ()-3! 10%& ()- 3S 10%& ()-/1111m nGrdEbC 10S3

109& ()-f110%& ()- @10%& ()-& 10%& ()- 10%& ()-

10%<& () - G mmPnnodEbC 10+ 10%<& ()- S)!10%& ()- & S 10%& (90 May
W10%& ()-S" 10%& ()-S 10%& ()- ocoop8p9p: p; pHpxmbC 10#10% & M - i%% 10<
10<f 34 10%<& ()- 110%& ()- [/10%& (¥2:110%& ()- HoMppqVgqqdENMbC

10y 10% & () - 3F , ,

10% & () - FM 10% & () - EP1owgrarg theralcplatgdghickness poafide (0)a igmet thidasssEnbC

103F! 10% & ()- 3, 10% & ()-3- 10% & ()-3!10% & ()-F3

10% & () - profileyesd () - sUt t t WinuudEnbC 10f @ 310% & () - & 10% & ()-3%! 10% & () -
"10% & () - 104 & ()-3s& 10% & ()-u vQURvSvTvavfvzvbC

103310%0&' () - | 10%08 ( )eYadjusd¥&séure inl&(leabOonelddrierHodd Shamber ¥ased on

10% & () - zvvw wwwwdEbC 10 10908 () - f 109408 () -fs10%0& ()- F 10%0% () -

10908 () - des i 68%hd domparRsaxxy SydEbC 10" 10%0& () -

10%08' () - @LO%OL () -, 10%4&' () - SF10%0&' ()-S 10%&' ()- Syyy3zyzz' {dEbC 103
10%08 () - 11090 () -

@ 10%08 ()-1+10%08 ()-S)! 10%0& () - @' 1098 ()-' {d{e{f{g{t{z{{|bC

10F10% & () - 10%,& ()-10% & (),-.@@L0% & ()- 100 100, .
10086 1%%38 O-| nfls} @lﬁ §Yc§§g‘t°é‘é§§h%l"éf€)“§%&@f€)‘% l&ﬂa%?y@c#ﬂdef@oﬁe&bés -
10% & () - Fs10% & ()-FF :110% & ()-}0~~~<}dEbC 10y+10% & ()- 9' 10% & ()-3 %y
10% & () - membrapegdiigh providesq aresgurs teothg svaferin & gprdrollable loading area, and
wherein the processor is configured to adjust a pressure in a pressurizable chamber to

control the pressure applied to the wafer in the loading area based on the comparison

results.

16. The system of claim 14 wherein the carrier head includes a membrane
which provides a pressure to the wafer in a controllable loading area, and wherein the
processor is configured to adjust a pressure in a pressurizable chamber to control the size

of the loading area based on the comparison results.

17. The system of claim 14 wherein the target thickness profile stored in the
memory represents an ideal thickness profile for a particular time in the polishing

process.

18. The system of claim 14 wherein the target thickness profile stored in the
memory represents an expected thickness profile for a particular time in the polishing

process.
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20. An article comprising a computer-readable medium that stores computer-
executable instructions for causing a computer system to:

obtain thickness-related measurements of a wafer during polishing;

calculate a thickness profile for the wafer based on the thickness-related
measurements;

compare the calculated thickness profile to a target thickness profile; and

adjust a pressure in a carrier head chamber based on results of the comparison

to adjust a downward force on the wafer during polishing.

21. The article of claim 20 including instructions for causing the computer
system to adjust a pressure in a pressurizable chamber to control a pressure applied by a

flexible membrane to a wafer in a controllable loading area.

22. The article of claim 20 including instructions for causing the computer
system to repeatedly:

obtain thickness-related measurements for the wafer during polishing;

calculate a thickness profile based on the thickness-related measurements;

compare the calculated thickness profile to a target thickness profile; and
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obtain thickness-related measurements during polishing of a wafer held by a
carrier head having multiple chambers that can apply independently variable pressures to
multiple regions of the wafer; and

adjust a pressure in one of the carrier head chambers associated with a

particular zone of the wafer based on the thickness-related measurements.



