; YZe3eSP| 4>6t T8@ 8 JAN 200g REAL-TI ME CONTROL OF CHEM CAL- MECHANI CAL
POLI SHI NG PROCESSES USI NG A SHAFT DI STORTI ON MEASUREMENT FI ELD OF THE

41 NVENTI ON This invention relates to sem conductor processi and nore
particularly to detection of the endpoint for rennv-alBoji«ﬁE%Uﬂﬂrl m over | yi ng
another film BACKGROUND OF THE I NVENTION I n the sem conductor industry,
critical steps in the production of ingjegrated circuits are the selective
formati on and renoval of filns on an underlying substrate. Typi cal

processi ng steps involve (1) depositing a film (2) patterning areas of the
filmusing lithography and etching; (3) depositing a filmwhich fills the
et ched argag,-#k (ONPRADBF LAHENTIARS. -MECHARYERL DYORTI SING BROCESSES

chem cal -echani cal” ed 1R G HAFNP)D I STORTION MEADYREMPNDCESSES, TT 1S
extrenely inportant to stop thée process when the correct filmthickness has
been renoved (that is, when the endpoint has been reached). In a typical
CWP process, a filmis selectively renoved froma sem conduct or wafer by
rotating the wafer agai nst a PBELBIEMFHEadNVENTABYI ng t he pad agai nst the
wafer, or both) with a controlled anbunt of pressure in the presence of a
slurry. Overpolishing (renoving too rruch% of a filmrenders the wafer
unusabl e for FEhéNVSNEde8siRgateRerBbTEPESMMIHPE PINESF Nges 2nd

Under pol melriengaitamaMiaig vt @ kieteke)oofof hehd |érm1:roeqw rfes tdeatoviale «GVP

process he repgat %q,,ervaL%%Ea%ottgg!cog 1And $ JAN 200 2 costly.
Underpollshlng nma 0 unno |ced mhlch also results in yield
| oss. In a nunber of CMP processes, IS necessary to neasure the

thi ckness of the layer to be rem)ved and the polishing rate for each wafer,

in order to determ ne a de Hg%ai%?]h‘lgsggtn,g pegﬁvgj,pleow process is sinply

run for this length of ti nce many different factors
i nfl uence the polishing rate, and the pO|IShI ng rate itself can change

during a process,:dise ey drS ih@AlskEM é@itﬁé@pt@wypsmwmr of ot her
nmet hods have been suggested for obtaini n reli aﬁ%\e/%gf%'ﬁ j nt detectjon in

CVP pr ocd¥OQE LI gehnelHieItaiese Cr‘ré?tcﬁdé} 8h€nt Eht AVt ages,
such as arldackentdfvalenst t{vidg/ ,oraran nabielrilyyngospbovraee r edl'ypiorel

noni t ori icab t r f s r
T e R S L e
areas of the film uSLng llthography and etching; (3) depositing

a film which fills the etched areas; and (4) planarizing the
structure by etching or chemical-mechanical polishing (CMP).

In film removal processes, it is extremely important to
stop the process when the correct film thickness has been
removed (that is, when the endpoint has been reached). 1In a
typical CMP process, a film is selectively removed from a
semiconductor wafer by rotating the wafer against a polishing
pad (or moving the pad against the wafer, or both) with a
controlled amount of pressure in the presence of a slurry.
Overpolishing (removing too much) of a film renders the wafer
unusable for further processing, thereby resulting in yield
loss. Underpolishing (removing too little) of the film

requires that the CMP process be repeated, which is tedious and

I
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U S - Patent 5,559,428 to Li et al. describes an in-situ endpoint detection
schene for conductive filns, using an induction nethod. .There remains a
‘need‘for an in-situ, realtine endpoint detection sche itabl e for use

. Wi th nonconductive frlns Such a schene shoul d also-ﬂgaézui Udetectron
sensitivity and fast response tine. In addition, it is desrrable t hat the
detection apparatus be robust, inexpensjive and require little maintenance.
One |nportant CVP process. invol ves removal  of poncrystaIIrne silicon
(pol y-Si) ??Fh¥0ve$P9?ﬁ8°alpﬁfP8rﬂ%ﬂ ??W?ﬁtﬂe%|QQCﬂﬂ?Q£%iﬁ e Yhdictp p 1ero
silicon nrésudes(&h; Myldatoves.renoval of a bl anket | ayer of poly-Si, a
surface having,part Y= Sl d i of 3ha exposed
Figure 1 shomslg %yL¥@§8£ 2B gﬁB g?%éé%%§|S%M%%j? %%%{ecemfﬁﬁufsuch as
a siliconti@f ér}crgeﬁér gif hbe gemrbyoabwerom rqréjr the @ed ipdlinshed tesi ng

a polishi ﬂgrpadcrhzwh@ear,e@noaraepotbsaeﬂgrrﬁabé € Jd%s;ltxreei W KRN ¢Q itS
cont act m&th ékyr % L4, he mafe carrrg? IS rotate éfy a shaft 15
driven by a notor P18 ess l§ ﬁﬁﬂlp Bog'3 EPHur DA TYY &t diii RS HEg a
pat t er neds brpbdedl|. ay8inte2manyhdanfevent yi agt¢as eirn fll0zke rafe pOMypﬁllshlng
General l yy 4L i ecgess t f down to a

| evel 105 soéasg'Fg ggé ?Egégﬂlh ngéget gs%gf gc:&n a(%}itatraﬂr%cwg “3??1411 e eavi ng the
oxi de IayBFOFF§érftBé§eﬁPP5PP9h|h?aéﬁr(§é%mF$%ﬁﬁ%f¢H£°rwmcord|ngly, a
successf ul endehﬂhbtheﬁtbQﬂeSChéﬁﬁoﬂbshad@tE@énQﬁﬂﬂﬁ&g dﬁﬁﬁhe oxi de

| ayer wt ry.high sen |t|vrt d .apt opati cal I he .CVMP process
within a ?e&?sééo rei%?ér tﬁ8d§9ﬁag %Sg %O%xﬁBséﬂé #% ©§% %10 dpkr at or
i ntervent §6neshdul thbeer mgtihrdd wheh badpolmteient abictratantagashersmrte, t he

endpoi nt gdgt gcihen a@he@asgmuhqybeaﬁfiﬁgmya eaarﬁu&a%eofretanetwé ern
factor of the wafer (t ven i f Eéarea of exposed underl yi ng

oxi de Iay@?nﬁgoalgﬁalﬁpﬁeﬁfﬁgﬁ &fYt e PB Ic?rt%%ﬂeﬁYQﬁ§x8 fonésw g8l y used
approach toqmomingr randvednbifoltha ChPepr 6cessths pocard tapparathangs in the
mot or curggnt %%%0%hﬁb%q Mth a change in friction between (a) the top
surface of the polishing pad 12 and (b) the slurry 14 and the surface being
pol i shed (suchUa$ -t PP&edikr Pacé of! 2Rater L1106} . 2 hi STt HRP i&n sarissiftact ory
when tgerenu@oanergembm&apm ebae@e EBrfbbﬁﬂh?ﬂa@@ ffmm$UKKHLﬂ@th :ayﬁr is
expose \Vi nmany a I catlons, _1ncluding fhe po y pol i shi ng
process dsgggrge g ngn dgvewl PRE ERERGESI A ?rrct?on Asotit Eiﬁfvﬁ?% the
I nt er f ace theeweeriHodyér slatectdons walhlemeo spésabiei for wer ofiurrent change

suf fi ci entcomufaela,erellller@ e igudircat erchernecbfﬁoar@ceﬁaoerwp@lm h This problem
i s aggrav in the nptor curre associ at ed

Q¥ a Ia noi.se co oneQr é
wthotha BreR o e S T Past akBuoraeari Ot Thbh wartos 1 bt at
a const antisr ctegtiimiale speed.then daddicttiiom, agpsmakhsphet eolpugact or (that is,

a relativelye,gm@ldi @ e Pfrd e AnderdingRaktarned . | ayer, conpared with
the area of the target |ayer) causes only a small change in friction as the

endpoi nt is redtHed™I i GNP IRER SVGAYES Vﬁ@ﬂvﬁheoﬁp?or current
approach i lugetys el adeguatieicor @alAN=2004i14 svgnalihg- 8opser&aheé@ nay
soneti nes ke obtAi Vv r PrOGESS pa s {suc d war
oressure dn Vhe Dol Shr oy Bl D8 FLETETT 0B EFER A T LR A% LR e
and waf er Q%WQY )OfA@cpremk@ﬂylarﬂﬁiQﬁzﬂﬂh%iﬁiofapﬁeéé§§epaeamegepsrtbv
endpoi nt Q%Bﬁlspna@@r@épmg;%l@t raﬁ‘:r SQSIﬁ)ertlsllOfoet Qﬁp@@d pr Oﬁﬁ(?@:etber eby
conpr om si t he_product mng q% y O THE | wv 3

present inventyoh addteds &P %5%% %e%cr?bé’l ded FOF BAGHSEI hPOdéEBED on
and controds of aifitomreadben) psocesds Pycoprapwrdibyg aavweérsi thvejiereall- anne

net hod of endpoj ey Qeiegtaopolwhpﬁcst;s&allﬁ 1de R esent p'ori\ieﬂ&hg table
overcomes the above-descCrib probl eéns i nherent in the nbtor curren

noni t ori ng appFB%cﬂor*ﬂéep?eéenfnrﬁ%%%??ENWMﬁWISHﬂ§QSe§érrb@ﬁewW?ﬁeﬁeference
to chem catanetbanitais rotated by a shaft 15 driven by a motor 16.



polishing of a sem conductor wafer nmerely as a specific exanple, and is not
nmeant to limt applicability of the invention to sem conductor processing
't echnol ogy. Those skilled in the art will appreciate th%&jB&| nvention is
- broadly applieable to any process in which it is desira t t he
-endpoi nt for renoval of a target filmoverlying a stopping film using an
apparatus having a shaft that experienBes a change in torque when the

t ar get fldlm%l S rﬂmved n accordance with the present invention, this is
done by detecting def o‘?rr%? Foh' of* $he® RaEiMg @a@?é&eﬁﬂ‘e?o?ﬁﬁéeohatfﬁé $Raft,
and generatihgena evegnhving bhogor dance migdiyt-se .defzenmation, of tt he shaft

- caN 0es S APCOrdiogol o énd i islodsnact, ofr Lg.Laventlon Ehefg 1
prOV| ded t hod for detecting an ehdpoi nt of I m r enova 64§, said
process u@?% a 7 h?r‘é%li’/a‘?t%IgX/&’éPCPﬁaQ/lH@ &*d&f PathAsRe Whllé;tal d;aavmntghe

film renmﬁa—t qnxb@essacausesS<§Df qa@s&&ltameiysh&fttactt heeBeFhgdr-c0nmyi sing the
steps of :, églll(g a flrst ref)%]u t|n ort (r)% a second reflecting
h i

portion on t e's The" Secon eefrf Jlrht t&ﬁnbéFHGmei“‘aFFyd8F§6Itaced

fromthe QW%UE%W%cWﬁgO)pb@@lbwelr sfflltact\aerng lhiight sknemtsaiidyfi agt
refl ecti ngupeidt 0Fa B é{ s8R e congt 4 &f 'ﬁ%'lﬂgap%&' QQcohBSr
r

i gby.
generati Jespe tll\)/ % irst reflected signal and a secon e 'ecfed
signal ; detectThy® a>phales of FPefehckt st ween "eajcBefrpiter iBEPsreatisngnal

and said %Ye@lom befteqmedemxg}mah erecmbigecnarsatﬁela@haﬂ out puttBbgR8Lel Nthe

d h t t put I
ndi cat o5 ChanGe T b AeTBf nat )OIt o T ha" SHari’ FECarE, RUPFOTPAScRAnGBEI

the tor quRAtEER eb§Ctabi @‘atﬂh@) ywhkerndpuithtisof eviee fiifl kheeaowal opr obess.

exposed underlying oxide layer is a small portion of the total
¢ wafer area).

One widely used approach to monitor and control a CMP
process is to monitor a change in the motor current associated
with a change in friction between (a) the top surface of the
polishing pad 12 and (b) the slurry 14 and the surface being
polished (such as the surface of wafer 100). iThis method is
satisfactory when there is a significant change in friction as
the underlying layer is e#posed. However, for many
applications, including the poly-Si polishing process described
just above, the change in friction associated with the
interface between layers is too small to result in a motor
current change sufficient to be a reliable indicator of CMP
process endpoint. This problem is aggravated by a large noise
component in the motor current associated with the typical
feedback servo current used to drive the wafer carrier at a
constant rotational speed. 1In addition, a small pattern factor
(that is, a relatively small area of the underlying patterned
layer, compared with the area of the target layer) causes only
a small change in friction as the endpoint is reached, limiting

the useful signal.

When the motor current approach is used, an adequate



- B JA N 2004 -6 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a general
view of a typical chem cal -nmechanical polishing (CW) arrangenent to which

‘the present invention may be advant ageously appl i ed. gFi shows an
arrangenent of polycrystalline silicon and sili con‘dBo&J%gez[ﬁﬁhs where film

removal by CWP is to be performed. Figure 2B shows a desired result of CW
processing of the film arrangement of-igure 2A. Figure 3 is a schematic
illustration of torque-induced deformation of a shaft. Figure 4 shows an

ar r angenegignf1as-notRirites mag sérhetimegioobtiined by valmgprocss parasietegs @usti r ai n
gauge, in accordance with a first enbodi nent ,of the present |nv%nt| on.
Figure 5 BS wwarémss'erelomth%p?lwb}rtgrpaéfanér%l'fltg‘fﬁanotatlonalsspﬁ fAhg 1o &ﬁocess. ng

?Lrea][llg?gfnﬁd nggf ?Qarﬁeﬁgg\sc%ﬁﬁhrgig g)%l zeﬁﬁn%rf‘gp&'e athHOR] ﬂ)ﬂox&gﬁﬁ{t dance with

I rent I nventi |gure
ar r angenegéteétivn donipromises gthehaspectsl pbihstCMP paoc@BPttmrdgasxnpremmgn@meopt i cal
measur enment of shaft deformation, in accordance with a second enbodi nent of
t he preseﬁtOdeﬁtv\é%fﬂWhtFl gure 7 is a schematic illustration of a signal
processi ng arrangenent whi ch processes and uses an endpoint signal in
accordance with the second enbodi nent of the present invention.
SUMMARY OF THE INVENTION

The present invention addresses the above-described need for endpoint
detection and control of a film removal process by providing a sensitive, real-time
method of endpoint detection. In particular, the present invention overcomes the
above-described problems inherent in the motor current monitoring approach.

The present invention will be described with reference to chemical-mechanical
polishing of a semiconductor wafer merely as a specific example, and is not meant to
limit applicability of the invention to semiconductor processing technology. Those
skilled in the art will appreciate that the invention is broadly applicable to any process
in which it is desirable to detect the endpoint for removal of a target film overlying a
stopping film, using an apparatus having a shaft that experiences a change in torque
when the target film is removed. In accordance with the present invention, this is
done by detecting deformation of the shaft caused by torque on the shaft, and

generating a signal in accordance with the deformation of the shaft.




Fi gure 8A shows .an exanple of a signal acquired during a CVMP process,

i ndi cating the process endpoint. Figure 8B shows the tine derivative of the
'si gnal of Figure 8A. DETAI LED DESCRI PTI ON OF THE PREFﬁEﬁ& EﬁEﬁDI MVENTS
Details of the present invention will be discussed % ceto
removal of a poly-Si filmoverlying a patterned silicon dioxide film In
accordance with the present invention;3ehanges in friction between the
surface of the wafer 100 and the polishing pad 12, in the presence of the
slurry 14, are ARRidiRg ffa At Bipeecifitie iMBaticarthag is pevitiel armethodforof t he
carrier shaft 15. During a polishing process, the shaft 15 driving the

waf er car rdemctinganamﬂr@idﬁ@tfiaéﬂ@ée@ﬁ&fag%%ceﬁ% spigPERRESS BURER HYM TEHPYA L and

ion. T n th haf f ' 16 i
o rect on 1 EBeRgeagEsbaey Hfondt BER R Gl Al PAIRPR O, 10 11

i nduce def@hfiBht aietid dogprishiafthe steps sthown schematically in Figure 3. The
degree of deformati on depends on the di aneter é) he shaft, wt

f h
smal | er - di amet arowidateafitserefigeting rorders ardn saspad reflequngPoripn oA theghafl,
deformati ons can.b ' : [ itteb N d i [ggasonabl e
cost. - B s SR RO En el RN R D 5, B T Bl
arrangenent f orrefBétigdidht @ofMidfine sfectnyipotion andframceiddwnee wi th t he
first enbodi ment of the present invention Is fsho in F’j§% red4. The, CLI P
process r ewefoetingmestion fhgseby gangrating respselivslyer Desheetisgied signakqnd 8 seend hown i n
Figure 2A), Tt}g g{égﬁoi nt of the process is reached when the interface with
t he undeer’lﬂﬁ% ?l mor pattern is exposed (for exanple, when polySi film
104 is reduced §Qediing o phasd diffefence hetwebry sad fios reflpctadesignat sl saediseoidie | ayer
102, as shown in Figure 2B). A distinct change in friction then occurs
bet ween th@ﬂﬁ@ﬂeﬂ@ﬁég; aft face and the sl urry and polishing pad. In the case
of the poly-Si I.shi : I idithe sheeimyepet of friction
when pol i shing g&l&})ﬁ@?%(ﬁ%?;gli-%%?l/l%g?ggd%ngglgvrﬂtthéaﬁ when pol i shi n% t he
pol y-Si | ayer alvhaein athange hethgeuipnt figha tndicatesssehange imdefortpiogetthe t or que

experienced by the shaft 15. The, change .in.targue.]i C | n
def or mat i ofhabfresulying g’ﬂ%‘f"‘tc, s e r?‘l‘geaglff%)é' Ip§regh qgggﬁépﬁgr&gogﬁ%@ntonded

to (or enb laﬁlmﬁhe shaft. Strain gauge 201 is connected to, a
transmtter 20 I ch broadcasts a signal 203 to a detector 210. The strain
gauge 201 can be obtained from Measurenent G oup, Inc. and the associ ated
telemetry systemfromBinsfeld Co., ATI Corp. and WDC Corp. This
arrangenent has been found to provide acceptabl e signal-to-noise ratios,
whereas a conventional slip-ring type transmtting device did not. The
signal 203 indicates strain caused by deformation of the shaft 15, which in
turn is directly related to torque r. experienced by the shaft. This
arrangenent therefore generates a signal indicating changes in friction

bet ween the polishing pad 12 and slurry 14 and the wafer 100. Moreover,
this signal is produced in situ and in real time. A variety of suitable
strain gauges are available. A netal foil gauge has been found to be
adequate for nost applications. If nore sensitivity is desired, a

sem conductor strain gauge nmay be used; these gauges typically have gauge



= 8 JAN 200 9 factors 100 tinmes those of netal foil gauges. An arrangenent
for decoding the strain gauge telenetry signal 203 and obtai ning a useful
" process endpoint signal is shown schematically in Figure 5.. The detector
210 inputs the encoded signal to a signal decoder 211r-§hdlﬂﬁd§ﬁyb si gha
is then fed into a signal conditioner 212. The signal conditioner 212 has
an output 220 in the formof voltage ef-current, which is then fed into a
data acquisition system 213 perform ng digital signal processing. The
digital output 221 is then input to a control unit 250 for controlling the
CMP process. Control unit 250 includes a _conputer which perfornms an
al gorithmwi th signal 2BRIEFKDESGRIPTIEN OFIRE RRAWINGS gorithm the
conput er anal yzes the shape of the signal as a function of tinme, thereby
determ ning the process endpoi nt. The endpoi nt signal 251 may
advant ageousl! y mgukqds Baekerhiovith &f peypisdiichgnizpipmectiantcal Polishira (CMiRY i cal | y
stop the process. An apparatus such as described just above can detect
changes i rartapgepuentde whidhethe preggnt gnvenipr Mgy e afvantageoysly aprligd i ci ent
sensitive to det.ect 5,nterface ' i.SA1 : ond
Enbodi nent : CptJE%F2ﬁb%?&?§%§ﬁ%n§$gﬁﬁ8¥§0$P$ﬁ%ﬁﬁgﬁggﬁgaggggﬁgﬁgﬁgo i ment of
t he i nvent g, whdie filth emehaBYEMP b tblve peformiel. o7 the shaft 15 are detected

by nonitoring the phase difference hetween two optical signals. T

patterned ri ngstigure 2Bshoms %ﬁ?ﬁﬁ?‘b@s‘b‘ﬁoé\ﬁ% pr??f“‘@‘&@ﬁﬁ}q ﬁ@g HELEEERY nat i ng
r6f|6CtinQﬁ39éhE?@§ 411 and non-reflecting portions 412. Alternatively, the
shaft 15 nay Be fabricated so that the reflecting and non-reflecting

portions are anFignteekisalschandtictilesteatibn of tayémie-indueadadefersmtionof pshafhl it into
two beans 410, 420 using a conventional o %}cal arQ@nﬁgnfnkpié. Li ght beans
410, 420 are i nkiHEEHt shosapagrangemen sorparstoring g Gndpeii of PE§®Veans
430, 440 ih | e i+ 684 BlpBesert inbeéhtioand

det ect ed g{i/&?%\g&gdeulﬁgé%e’eglp o(t)ogﬁi‘g?gﬁgrﬁempgglﬁ%hgg%ofm, 62. As the
shaft 15 r ot at eRBiguscsesshamaticafligotiongf peignebbns 411 on the two rings
reflect the light back to the photodetector, interrupted by non-reflecting
portions 412. A train of |light pulses therefore enters each detector. A
deformati on of the shaft 15 causes the two rings to be displaced relative
to each other in the direction of rotation. This in turn causes the
detected light signals to be phaseshifted with respect to each other.
Accordi ngly, a change in the phase relationship between the pulse train
detected by detector 61 and the pulse train detected by detector 62

i ndi cates a change in deformation of the shaft 15, which in turn indicates
a change in torque experienced by the shaft. Phase-sensitive detection of
the reflected |ight beans 430, 440 is acconplished using a 2-channel

| ock-in anplifier, as shown schematically in Figure 7. The outputs 71, 72
fromthe two detectors 61 and 62 are fed into lock-in anmplifier 701. The
output 711 of the lock-in anplifier 70l corresponds to the phase difference
bet ween the detector signals 71, 72; output 711 is fed into signal
conditioner 702. The signal conditioner 702 has art output 712 in the form
of voltage or current, which is then fed into a data acquisition system 703
performng digital signal processing, simlar to the arrangenent in the
first enbodi nent. The digital output 713 is then input to a control unit
;04 for controlling the CMP process. Control unit 704 includes a conputer
whi ch perfornms an algorithmwth signal 713 as input; according to the
algorithm the conputer analyzes the shape of "he signal as a function of
time, thereby determ ning the process endpoint. As in the first enbodi nent,
t he endpoint signal 714 may advant ageously be fed back to the polishing
apparatus 10 to automatically stop the process. i - 8 JAN 200



"It should be noted that in this enbodi ment, no sensor is attached to the
shaft; all nechanically sensitive conponents are renote fromthe noving

" part's of the polishing apparatus. Since the basis of this endpoint

- detection schene is optical rather titan mechanical, tﬁ\mﬁmgoupl ing is
drastically sinplified and the associated cqupling not |y
reduced, allowing a better signal-to-noise ratio than in the first

enbodi ment. Exanple Figure 8A shows an exanple of a detected torque signal
acqui r ed mhurdes ian P A y-aSigapeints kihaghppeeesssedhens hasgs chargapoinihe si gnal
i ndi catesg, it t.he | | ayers has_be re d. It should be
not ed th%tl hils. lgppéa%%éa% :ét %gt\sﬁegﬁg Zﬁéﬁ%i ﬁ?g?%“g%nctoro a%@g Wi€fi®&tchange
in the tdrjifdti&yd  opposed to a predeterm ned val ue of torque. The actual

amount of tor queyfe thershal tanmy reab¥nbhems eRendol i shimg t@mreo%%%?otipltt hte b
canno e

next, so that pecific val.ue of torque.indicating til ndpoi n
fixed. Ac?ct}(;%didrfillvlgpl'S 99%5% ucsdﬁ\?er?ineﬁlpth‘a(]:a["Eﬁ?léf%m‘tgrh‘é %ﬁ?ﬁg‘agéri vative of
t he tor que fsingedi iomas ishewrdmdaficguwe t8Ba andond eeodiverpeak ahet he

derivati yvg-dddigad & td}e process endpoint. It ::ill be appreciated that
t he endpoint for renoval of any filmoverlying another filmcan be detected

by nonitoring tE Thahde i So1egad 16xpérrercalioy the vbifeelcarrier shaft,

}nl accor ms@ﬂd% aaxfﬁ‘}ﬂﬂgﬁnd dnt fuhiieth @Iﬂoﬁ%ﬁ@éi%ﬁ@ wﬂhé& drﬁ@h‘ﬁ@oi@xft EiheZ g
ilm Ing; peci fi c. enbadi ment scri bed .above.. the polishing pad 12 an

table 13 %lgqellhea een & ecpc?rcrq)aencf s’ lrt%ig °n§ SRR VEY O TERE 19T 1 eaﬁgleé@‘i“é}t ed

t hat thi ssmeg-imgt- be the case, provided that the shaft experiences a

torque as a rasiylrofgd hehdwd Gl Vxanpher ent al 9159@1faécmi&ee@\é%'ri%oges& In

accor dancei?wlth the present invention, nmethods and apparatus have "been

di scl osed HorPHIGHSr sEMEiFatvddthecPrgresF endpoinig: JaN 2004 12

friction-induceidgutor pie dhrangaeheexper ercedabyva shafie disjnag ©k) a strain

gauge bo’%dﬁﬂu_té) dhe shaft, or alternatively (2) reflecting and

non-refl ecting portions on the shaft for generating trains of |ight pul ses.
Usi ng these nethods and apparatus, a clear signal change, associated with

exposure of a finmrintes fHosr M de ebseryedekARBED UAIREIMPAMIGr € there is
no di scerni ble change in notor current. The nethod and apparatus of the

present invention therefore permt greatly inproved process nonitoring and
control, partiRetarly ehehe heresdrs dnivend iohi ght 1 changesdusfad otiitdn at t he

filminterdeeenAECOs draghyal SEN 8- Jieali1hi BReeDdPRy i (ateat{Ln and
control of . a CWMP fil mrenpval process is provided. ile the invention has
been descsfjrgie%lori1 ntt@¥ ha® of L ¥peci fi c enbodi ments, it is evident in view of
t he foregoi ng Ueseccptdance hattnwrer quse sartteringenvésn, nockideatirons and
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invention is intended to enconpass all such alternatives, noditicatio
variationd®dhith +21 FPi PREACRFR Stopte andispi it 8FetReNivR&sd ih and t he
foll ow ngdtkactby monitoBidANcROOPe fdidnation of the carrier shaft 15.

During a polishing process, the shaft 15 driving the wafer
carrier 11 can experience changes in torque, bending, thrust
and tension. Torque on the shaft (for example, due to rotation
by motor 16 in direction 31 being opposed by frictional forces
in direction 32) will induce deformation of the shaft, as shown
schematically in Figure 3. The degree of deformation depends
on the diameter of the shaft, with smaller-diameter shafts
being more susceptible tc deformation. Such deformations can

be measured with extremely high sensitivity at reasonable cost.




W cl'aim A nethod for detecti ng an endpoint of a filmrenoval process,

said process using a filmrenoval device having a shaft ﬁi& friction in
the filmrenoval process causes torque on the shaft, eﬁ hga npr|5|ng
-the steps o providing a first reflecting portion and a second reflecting
portion on the shaft, the second reflecting portion being axially displaced
fromthe first reflecting portion; reflecting light fromsaid first
reflecting portion and fromsaid second %eflecting portion, thereby
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underlying film or pattern is exposed (for example, when poly-
Si film 104 is reduced to the level 105, thereby exposing the
patterned oxide layer 102, as shown in Figure 2B). A distinct
change in friction then occurs between the polished surface and
the slurry and polishing pad. In the case of the poly-Si
polishing process, there is a different amount of friction when
polishing a combined poly-Si/oxide layer than when polishing
the poly-Si layer alone. This change in friction results in a
change in torque experienced by the shaft 15. The change in
torque induces a change in deformation of the shaft, which is
measured by a strain gauge 201 bonded to (or embedded in) the
shaft. Strain gauge 201 is connected tos;a transmitter 202
which broadcasts a.signal 203 to a detector 210. The strain
gauge 201 can be obtained from Measurement Group, Inc. and the
associated telemetry systém from Binsfeld Co., ATI-Corp. and
WDC Corp. This arrangement has been found to provide
acceptable signal-to-noise ratios, whereas a conventional
slip-ring type transmitting device did not.

The signal 203 indicates strain caused by deformation of

the shaft 15, which in turn is directly related to torque

i experienced by the shaft. This arrangement therefore generates
a signal indicating changes in friction between the polishing
pad 12 and slurry 14 and the wafer 100. Moreover, this signal
is produced in situ and in real time.

A variety of suitable strain gauges are available. A

metal foil gauge has been found to be adeguate for most
applications. If more sensitivity is desired, a semiconductor

strain gauge may be used; these gauges typically have gauge



"proc'ess; and controlling the filmrenoval process in accordance with the
control signal. 3. A nethod according to claim2, wherein said processing

" step further conprises analyzing a shape of the si,gﬁ_aea tion of
-time. 4. A nmet-hod according to claim2, further conprVs Mt tep of

stopping the filmrenoval process when the endpoint has been reached. A
met hod according to claim|, wherein tte filmrenpval process conprises
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then fed into a signal conditioner 212. The signal conditioner
212 has an output 220 in the form of voltage or current, which
is then fed into a data acquisition system 213 performing
digital signal processing. The digital output 221 is then
input to a control unit 250 for controlling the CMP process.
Control unit 250 includes a computer which performs an
algorithm with signal 221 as input; according to the algorithm,
the computer analyzes the shape of the signal as a funétion of
time, thereby determining the process endpoint. The endpoint
signal 251 may advantageously be fed back to the polishing
apparatus 10 to automatically stop the process.

An apparatus sﬁch as described just above can detect
changes in torque at a level of 0.2 microstrain. This is
sufficient sensitive to detect interface changes in the
polishing process.

Second Embodiment: Optical Measurement

Figure 6 illustrates a second embodiment of the invention,
in which changes in the torque on the shaft 15 are detected by
monitoring the phase difference between two optical signals.

Two patterned rings 41, 42 are mounted on shaft 15; each
ring has alternating reflecting portions 411 and non-reflecting

! : portions 412. Alternatively, ths shaft 15 may be fabricated so
that the reflecting and non-reflecting portions are an integral
part thereof. Light from a laser 44 is split into two beams
410, 420 using a conventional optical arrangement 45. Light
beams 410, 420 are incident on rings 41, 42 respectively. The
reflected beams 430, 440 are recollimated by additional optical

elements 53, 54, and detected by two separate photodetectors
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Phase-sensitive detection of the reflected light beams

(. 430, 440 is accomplished using a 2-channel lock-in amplifier,
as shown schematically in Fiqure 7. The outputs 71, 72 from
the two detectors 61 and 62 are fed into lock-in amplifier 701.
The output 711 of the lock-in amplifier 701 corresponds to the
phase difference between the detector signals 71, 72; output
711 is fed into signal conditioner 702. The signal conditioner
702 has an output 712 in the form of voltage or current, which
is then fed into a data aéquisition system 703 performing
digital signal processing, similar to the arrangement in the
first embodiment. The digital output 713 is then input to a
control unit 704 for controlling the CMP process. Control unit
704 includes & computer which performs an algorithm with signal
713 as input; according to the algorithm, the computer analyzes
the shape of the signal as a function of time, thereby
determining the process endpoint. As in the first embodiment,
the endpoint signal 714 may advantageously be fed back to the

polishing apparatus 10 to automatically stop the process.
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It should be noted that in this embodiment, no sensor is
attached to the shaft; all mechanically sensitive components
are remote from the moving parts of the pelishing apparatus.
Since the basis of this endpoint detection scheme is optical
rather than mechanical, the signal coupling is drastically
simplified and the associated coupling noise is greatly

reduced, allowing a better signal-to-noise ratio than in the
first embodiment.

Example

Figure 8A shows an example of a detected torque signal
acquired during a poly-Si polishing process. The sharp change
in the signal indicates that the interface between layérs has

L been reached.

\ It should be noted that this apparatus detects the
endpoint in accordance with a' change in the torque, as opposed
to a predetermined value of torque. The actual amount of
torque or the shaft may vary from one polishing process to the
next, so that a specific value of torque indicating the
endpoint cannot be fixed. Accordingly, it is convenient to
calculate the time derivative of the torque signal} as shown in
Figure 8B, and to use the peak of the derivative to indicate
the process endpoint.

It will be appreciated that the endpoint for removal of
any film overlying another film can be detected by monitoring
the chance in torque experienced by the wafer carrier shaft, in
accordance with a change in friction associated with removal of
the film. 1In the specific embodiments described above, the
polishing pad 12 and table 13 have been depicted as rotating.
However, it will be appreciated that this need not be the case,
provided that the shaft experiences a torque as a result of the
friction inherent in the film removal process.

In accordance with the present invention, methods and

apparatus have been disclosed for highly sensitive detection of
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reflecting and non-reflecting portions omr the shaft for
generating trains of light pulses. Using these methods and
apparatus, a clear signal change, associated with exposure of a
film interface, may be observed in situations where there is no
discernible change in motor current. The method and apparatus
of the present invention therefore permit greatly improved
process monitoring and control, particularly when there is only
a slight change in friction at the film interface. Accordingly,
sensitive, real-time endpoint detection and control of a CMP
film removal process is provided.
While the invention has been described in terms of specific
(- embodiments, it is evident in view of the foregoing description
o that numerous alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, the
invention is intended to encompass all such alternatives,
modifications and variations which fall within the scope and

i spirit of the invention and the following claims.
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1. A method for detecting an endpoint of a film removal process, said process
using a film removal device having a shaft, where friction in the film removal process
causes torque on the shaft, the method comprising the steps of:

providing a first reflecting portion and a second reflecting portion on the shaft,
the second reflecting portion being axially displaced from the first reflecting portion;

reflecting light from said first reflecting portion and from said second
reflecting portion, thereby generating respectively a first reflected signal and a second
reflected signal;

detecting a phase difference between said first reflected signal and said second
reflected signal; and

generating an output signal in accordance with the phase difference,

wherein a change in the output signal indicates a change in deformation of the
shaft resulting from a change in the torque, thereby indicating the endpoint of the film

removal process.

2. A method according to claim 1, further comprising the steps of:
processing the output signal to obtain a control signal for the film removal
process; and

controlling the film removal process in accordance with the control signal.

3. A method according to claim 2, wherein said processing step further

comprises analyzing a shape of the signal as a function of time.

4. A method according to claim 2, further comprising the step of stopping the

film removal process when the endpoint has been reached.

5. A method according to claim 1, wherein the film removal process comprises

chemical-mechanical polishing.

6. A method according to claim 5, wherein the shaft rotates, and the film being

polished is connected thereto.
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