; e3eX\ XY@N6PT>H 726 JUL 2002 *@00002* 1 PI EZO- ACTUATED CMWP CAl ERSEJ 2
~OF ,THE | NVENTI ON This invention relates to chem cal - nechani cal i ¥ @

seniconduammwnmm"mmmm nd, nore particularly, to an apparatus and nethod for
controlle Ef a wafer backing film BACKGROUND OF THE | NVENTI ON
Chem cal - nechagyjgal polishing (CWP) is performed in the processing of

sem conduct or wafers and/or chips on commercially avail abl e polishers. The
CWP pol i sher can have a circular rotating polish pad and rotating carrier
for holding the wafer or, as with the newest tools entering the market, may
be designed with an orbital orPIEZOeACTUANTEINCMP CARRIER and carrier. In
general practice, a slurry is supplied to the polish pad to initiate the

pol i shing action. However, here again, newest tooling my nake use of what
is referred to as Fixed Abrasive pads, whereby the abrasive is enbedded

within the polish pad and is actiyat I sonme ot her chem cal
as may be desired for the speci f?mq?ﬁHggg%I%eal ly) a CWP polisher
delivers a globally uniform as well as |ocally planarized wafer. However,
gl obal unifornmity on aThifiavertniglies toalenical- @?@ﬁﬂ@ﬂl@llﬁ@mﬁ@ﬁﬁ%‘émmm
pads are used on a polishing table or platen for their ability to provide
opt i mum pl ansafdry and;lonae patichhelyetopadppireny ianéd netivdffoeconnmiled actestidragyfer t o
generate an 2 6 J UL 2002 2 acceptable level of uniformty. The
application Q&ﬁ%@%a&ngﬁ%%§ide air is also a standard practice in an attenpt
to provide a localized area of force to the backside of the wafer in those
radii where the polish may be | ower due to wafer bow, collapse of the
backing film degradation or collapse of the polish pads, or poor slurry

distribution. BACKGROUND OF THE INVENTION

Chemical-mechanical polishing (CMP) is performed in the processing of
semiconductor wafers and/or chips on commercially available polishers. The CMP
pplisher can have a circular rotating polish pad and rotating carrier for holding the wafer
or, as with the newest tools entering the market, may be designed with an orbital or linear
motion of the pad and carrier. In general practice, a slurry is supplied to the polish pad to
initiate the polishing action. However, here again, newest tooling may make use of what
is referred to as Fixed Abrasive pads, whereby the abrasive is embedded within the polish
pad and is activated by DI water or some other chemical as may be desired for the
specific polish process.

Ideally, a CMP polisher delivers a globally uniform, as well as locally
planarized wafer. However, global uniformity on a wafer-to-wafer basis is difficult to
achieve. Hard pads are used on a polishing table or platen for their ability to provide

optimum planarity. However, these pads require a softer pad under layer to generate an

LT
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Recently, a phenonmenon known as "edge bead" has detracted from cept abl e
‘vields. The edge bead is a ring of thicker oxide at a radius of t2002
100mm waf er. A secondary thickness variation at 80-90nm has al so been
observed. The | ocation of these thickness variations may al so shift across

t he waf er unexpectedly for. reasons not fully understood. This results in
nonusabl e chips at the wafer perineter or a variation in chip performance
regionally across the wafer. Also, the wafer filmto be polished may have a
varyi ng consi stency from doping, thi ckndss or the like, across the surface
of the waf er. accEptablecleed tof siniférnyity gF heltapphicdtionlof slafer baoksiddnir Btabse atamiasi t he
wafer. Neither of the problens described above can be conpensated for with

the tooling ¢ gg[he@ﬁ{ a%;éﬁirgt F&)}[nfalvm\lz/aanb@ﬂﬁembaﬁf&@é to'fRé B&fi%xd@%‘(ﬁ]et\ﬁﬁ@r in

atterrptedto ter t ckness profile of a polished wafer.

met hod uses f.i xed curvatures o i.n f .the c rier.face, These

directed to i Yﬂh‘?r9ut3f 31%4888”? itQ MRl O\WaF?léﬂpS%ﬂf%bB@W%EﬁFhe
carrier face at the center to supply a greater force at the wafer center.
Thi s provi dedegmditineraspolepse &f ehegiolish prdiotraer shurysligtbwionanot her  known
met hod applies shins to the carrier face behind the wafer backing film
This enables a wi der radrgentdf, agphemmheion kaoen\as tédpe bead hieasrdetradtedifrom and of f
26 J UL 2002 3 a flat carrier as needed. However, the mlling of a

carrier face b fisapRsr S biRsed NhR %opth&@{éilgéﬁéﬁdﬁ%%YQ@ﬁnﬁwﬁﬁgge of

results. This r qwres substantial tine hange from one shaped carrier

t o anot her he ne rises. The.present.inventyon is cte

over coni ng oﬁgb fcé g‘fse{:‘ﬂgaﬂf S ﬁﬁsss 8t §%‘H’s§t§§ da%rg{}@as igjlﬁ § &é?rvﬁﬁdThe
si npl e manner. SUVMARY OF THE | NVENTION I n accordance with the invention
there is proJPereanfthese thiekneesntariglionraBrarsa B CiRt B vebprcBsEpctedly for.
non-uniformty on a wafer-to-wafer basis is tailored to neet desired

results. |t irsasonenatfpbytindfrstobe Thig essultom rtonuprbtesdhips & thewaker pgrimetectr a
regi onal, non-concentric non-uniformty can be overcone.

) variation in chip performance regionally across the wafer. Also, the wafer film to be
polished may have a varying consistency from doping, thickness or the like, across the
surface of the wafer. This creates varying, uncontrollable polish rates across the wafer.
Neither of the problems described above can be compensated for with the tooling
currently available.

Various mechanical methods have been attempted to alter the final
thickness profile of a polished wafer. One method uses fixed curvatures or shapings of
the carrier face. These are directed to control only a: centered edge thickness variation by
bowing the carrier face at the center to supply a greater force at the wafer center. This
provides an increased rate of polish center to edge.

Another known method applies shims to the carrier face behind the wafer

backing film. This enables a wider range of diameters and widths to be rotated on and off



It is another object of the invention to provide the capabilit
~uni formcontrols to within die levels, thereby overcomng fil mygﬁjl\!@f-r 2@@2

variations due to chip design. In one aspect of the invention there is

di scl osed a chem cal - mechani cal polishing (CW) apparatus for polishing a
sem conductor wafer, in which the CMP apparatus has a carrier for the
wafer. The carrier includes a carrier base and a wafer retaining ring
nounted to the base for retaining the wafer for polishing. A plurality of
dual function piezoelectric actuators are nmounted to the base within a

peri net er ofa flitearriédrak neatgdr Hogevd theavillireg off scasperfeceoesduaperegaircas i ons
across the wafer and are 2 6 JUL 2002 4 individually controllable to
provi de a cOpmhiRllofdaPitRIS PESidH SlahbOb te@MtACTRS eqhites WBE@Atialltimd & dhange
feature of the invention that the actuators conprise thin film dual
function piezoelectric . actuators., It |,s anether feature of the invention to
provi de a ba%Wr?@cfsf’?pr?ﬁdmﬁf Odantoglefﬁ%lhgélseg?%%?c\fleen the actuators and the
wafer. It is a further feature of the invention that the actuators are
enmbedded in the backi n§he piesant inyenderbis diiseied i@ PYLIERBINE SN 95 Biase obthet he
invention there is disclosed a CWP control systemfor controlling

di st ri but i onprobleprseisussedabows & 4 heveb andk sinpde nfangersem conduct or waf er bei ng
pol i shed. The systemincludes a CVMP apparatus having a carrier for
supporting the wafer. The carrier includes a plurality of dual function

pi ezoel ectric actuators. The actuators sense pressure variations across the
waf er and are individually conéﬁﬁlhkglﬁlﬁpoﬁﬁg%wkﬁéwonnect ed to the
actuators for nonitoring sensed pressure varrations and controlling the
actuators to provide a_controlled pressure distributiqgn across the wafer.

It is a feature of thell3f¢enpGAVihEe IPYRAUOBARGTSIS RIBRAFT dRactyeoaPhmed
control that controls pressure distribution according to a die |ayout of

t he wafer. |metmanimpbhahichaancantriamnonaiformiénon amvafdrdo-waier asistis tdilorauctioudes
a notch location programfor determining orientation of the wafer in the
carrier and iae: dxRited Bsults.

It is one object of the invention to provide a means by which regional,
non-concentric non-uniformity can be overcome.

It is another object of the invention to provide the capability to use non-
uniform controls to within die levels, thereby overcoming film polish rate variations due
to chip design.

In one aspect of the invention there is disclosed a chemical-mechanical
polishing (CMP) apparatus for polishing a scmiconciuctor wafer, in which the CMP
apparatus has a carrier for the wafer. The carrier includes a carrier base and a wafer
retaining ring mounted to the base for retaining the wafer for polishing. A plurality of
dual function piezoelectric actuators are mounted to the base within a perimeter of the

retaining ring. The actuators sense pressure variations across the wafer and are



vari-es the pressure distribution responsive to the die |ayout gnd

.~determ ned orientation. In accordance with a further aspect of ﬁ b“JL 2002
invention there is disclosed a 2 6 J UL 2002 nmethod of polishing a

sem conductor wafer in a CMP system The nethod conprises the steps of

provi ding a CMP apparatus having a carrier for supporting the wafer) the
carrier including a plurality of dual function piezoelectric actuators, the
actuators sensing pressure variations agross the sem conductor wafer and
being individually controllable; nonitoring sensed pressure variations; and

control i ng if§16;4a&f dy@&f?lro?laff)l‘a t@b%&ea Sort@Nkd pldsfitte BIsBRAMIOR aBFo8S fHeleIfbxon
across the sem conductor wafer. In accordance with an additional aspect of

the invention, there i cl os r-readabl e st u avi ng
stored therein instr uclfi c?réatflf)eroefgg‘?f t% t%taﬁ%’ator%gongér%gﬁl?lﬁ%h 0af

sem conductor wafer in a chem cal - nechanlcal pol i shi ng (CNP) system The
CMVP syst em Harctipngagzoeketricactugi®iporti ng the wafer, and the carrier includes
a plurality of dual function piezoelectric actuators; t he actuators sense
pressure variations adk motHee feaafre of thadnwnéon nalprovitiea bagkingfilmohbadibdto The
met hod conprises the steps of nonitoring sensed pressure variations, and

control ling tB@Sas@%teE@é Althe hQuithQuhdenAvsrept rol l ed pressure distri but i on
across the wafer actuators may conprise th| n filmdual functl on

pi ezoel ectric actuator nor e he co readabpl e di um
may have stored ther eililsi %5165&1%{6%156 Pl FreR %h&. the, aggoﬁ’trs 5] ﬁ‘h Q&dpe

t he controlllng step _may further conprise the step of controlllng t he

act uat ors t dhppeskitgefiincontrol | ed pressure distribution according to the
di'e layout of the wafer. In addition, the wafer may have a notch for
determ ning orientati o anf:oxﬂhme\miﬂeanotmmspdmeoﬁwiimmtiayttham/is dsgcbrsed a
therein an algorithmfor determning the orientation of the wafer in

accordance Weifp doaeal %@&n@fcrfcbﬁtrélﬁhg glstr'ilhﬁloﬁ @fpreaburt Bgrosd @B badksideldftaher

conprise the steps f J UL 2002 of 1nplenenting a program using the
al gori thm t o, At S{ATLAE Wafst HalH ngsﬁasah OriflsyliB MBLEL d OMENGEGAL 1B InADd
controlling the actuators to v e pre Sur e |str| responsweto

carrier for supporting the wafer. The carrier includes a plurality of dual function
piezoelectric actuators. The actuators sense pressure variations across the wafer and are
individually controllable. A control is connected to the actuators for monitoring sensed
pressure variations and controlling the actuators to provide a controlled pressure
distribution across the wafer.

It is a feature of the invention that the control comprises a programmed
control that controls pressure distribution according_to a die layout of the wafer.

It is another feature of the invention that the control includes a notch
location program for determining orientation of the wafer in the carrier and the control
varies the pressure distribution responsive to the die layout and determined orientation.

In accordance with a further aspect of the invention there is disclosed a



the die | ayout and the determ ned orientation. Further features and
.«~advantages of the invention will be readily apparent fromthe specification
and fromthe draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g. ZQS‘J@EIZ%]@
partial sectional view of a chem cal -nmechani cal polishing apparatus adapted
for controlled actuation of a wafer backing filmin accordance with the
invention; Fig. 2 is a side elevation view, partially in section, for a
carrier of the apparatus of Fig. 1; Fig, 3 is a partial bottom plan view of
the carrier of Fig. 2 with a portion of “a backi ng filmcut away; Fig. 4 is

an expl oded Miei¥df pollghif@h kéBicofdudrrdvafés inFd GMPsys@m? TiRIhetBbd PehpR&SE the/ €
view illustrating actuators of the carrier of Fig. 2; Fig. 6 is a block

diagramillu i . CO ) . i . Fig.
7 1e i ew SIS ERLEMS; B el d At for ARRRAREARe Rl e oyl

i nduced by piezoelectric actuators in accordance with the invention; and

2 6 J U L 20teludingg phirality of dual fungtiop piezeelstiii¢ @Cppion the art4aters sesingcal i zed
pressure variations within wafer die areas in accordance with the

i nventi on. DpieAdur&ERaifleGRIaEbs e GEmkoRRkftGRREEr fivBEDIdENIVi LIy dBn troNABNE| ON

Referring initially to Fig. 1) a chem cal -nechani cal polishing (CW)

appar at us 10pichitblihs 8drsad ?ﬂbssu-ﬁ? QarfdvidnanRalcBhs11iAg theSactRReE 8 #Qévm_fe a
conventional overall construction and includes a circular polishing table

12 and rotati [.ri 4. hqu rayvi ed, may include a
wi de range of &g‘é"g%rﬁ r%%}igeldﬁ%tglb'gtfoﬁxv%p?séﬁcn%ngéé/ﬁﬁﬂr?}( g}cag%'r dance with the
invention) the carrier 14 is adapted for, controll gg actuatjon of a Walf er

backing film as descrilBeerasdansaVithne addisionalnspett of thegnyentigRelietss disglosed

| ntegrated a computer-readable storage medium having stored therein instructions for performing a
method of polishing a semiconductor wafer in a chemical-mechanical polishing (CMP)
system. The CMP system has a carrier for supporting the wafer, and the carrier includes a
p_lurality of dual function piezoelectric actuators; the actuators sense pressure variations
across the wafer and are individually controllable. The method comprises the steps of
monitoring sensed pressure variations, and controlling the actuators to provide a
controlled pressure distribution across the wafer. The actuators may comprise thin film
dual function piezoelectric actuators. Furthermore, the computer-readable storage
medium may have stored therein information regarding a die layout of the wafer; the
controlling step may further comprise the step of cor‘ltrolling the actuators to provide a
controlled pressure distribution according to the die layout of the wafer. In addition, the
wafer may have a notch for determining orientation of the wafer, and the medium may
have stored therein an algorithm for determining the orientation of the wafer in

accordance with location of the notch; the controlling step may further comprise the steps



circuit manufacturing for polishing sem conductor wafers and chips which
stnclude integrated circuits. Referring to Figs. 2-4, the carrle

illustrated in greater detail. The carrier 14 includes a carri E%aiuilaﬂﬂa
pi ezoel ectric insert layer 18, a backing film 20, and a wafer retaining
ring 22. The base 16 includes a first circular body 24 and a second,
concentric circular body 26 having a smaller dianmeter than the first
circular body 24. The second circular bedy 26 is nounted to the underside
of the first circular body 24. The retaining ring 22 has an inner dianeter
corr espondi ngf itrpldnintiag@tagiroglamniigy the hilgbhichns ecdnerndondentrichaitibo df/ the avderan
outer dianeter substantially equivalent to the outer dianeter of 26 JU

L 2002 8 thegf th(f]éz{rrl&'h ﬁﬁdjl:&{tfot?ﬁ%th%%ctu%ﬂ% 3 Sag}icthls Eltl'l'c@clstltllh%orn‘?&s;ﬂoﬂ.kioﬂ td | N9 |

22 is greater than t axi a on |rcular body

retaining r| LS, mount t he base surroundi ng the second circul ar
body 26, as SWH Wﬂ“ﬁqu“ﬁgﬁﬂrPPF QQ§f4§ﬁBr face 28 extending bel ow a | ower

surface 32 of the second circular body 26 to define a circular cavity 30.
The piezoel ectric i nseFl@rthnqj@aturrssamwar}/vmn@g@ﬁaef%hﬁglwmum will by eadilsrpataat
within the circular cavity 30, as shown in Fig. 2. Particularly, the insert
| ayer 18 is fromnheshdcifidatien afd o the dewiags. body undersi de surface 32 with

t he backing film20 then being positioned below the insert |ayer 18. As can
be seen in Fig. 2, a portion of the circular cavity 30 renmai ns bel ow t he
backing film 20 for supporting a sem conductor wafer, as described bel ow
As is conventional, a plurgld ,ded through the
second circul ar body 26 foﬁh%%%H§%§€gﬁﬁ?g$§O§ég§%ﬁya¥ﬁ®h§§cking film 20
includes a plurality of apertures 36, see Fig. 3. The passages 34 are
connected to a vacuum Edurddea sidg, pasgal Sf:@ronahwwﬁ@ chemiH-Bsahanigab pokising:
within the carrier cavity 30. It should be noted there are alternative
carrier desi gpmrithaidagedrot comiodied setuadorbefckgafdebakingaildl mraceadannm wilththe

i nvention described herein is applicable to these carrier designs as well.
The pi ezoel eglvehGod;nsert |layer 18 utilizes a plurality of thin film dual

function piezoelectric actuators. Referring to Fig. 5, three piezoelectric

actuators 4 L, 42 Fig. 2 is a side elevation view, partially in section, for a carrier of the

apparatus of Fig. 1;

Fig. 3 is a partial bottom plan view of the carrier of Fig. 2 with a portion of
a backing film cut away;

Fig. 4 is an exploded view of the carrier of Fig. 2;

Fig. 5 is a partial perspective view illustrating actuators of the carrier of
Fig. 2;

Fig. 6 is a block diagram illustrating a control system for the CMP
apparatus of Fig. 1;

Fig. 7 is a view similar to that of Fig. 2 showing regional pressure

variations induced by piezoelectric actuators in accordance with the invention; and



and 43 are illustrated. As shown, the first piezoelectric actuator 41
includes a first set of conductors 44 in an x direction and a 2é&bn¢Ui§QUQQ
conductors 46 in ay direction. A force exerted upon the piezo el enent 41
in the z direction creates a voltage about the 2 6 JUL 2002 9 oppose
plane in the x direction across the conductors 44. Conversely, a supplied
voltage in the y direction across the second set of conductors 46 caused an
expansi on of the piezoelectric elenent 41 in the z direction. Thus, the

pi ezoel ectric actuator 41 provides real-tinme feedback for an i medi ate
controll ed response wi tHiy. 18 iaapanil perppkiageiew illastsaritigllosilized pressusensidtiond t y
range is utilized for the task of nonitoring and responding to varying
pressures acr“qﬁlgn @a?‘?‘%?ar@’d@ﬁhﬂ&o@d&@j&'ﬁmtﬂgi LRG&SS. Al though not shown,
the actuators an I nclude separate conductors and operate simlarly
to the actuator 41. As is apparent, the specific size, shape and operating
range of the carrier 14 inits entirety is determned fromthe wafer size,
shape and thickness. The specific size and shape of each actuator 41-43 is

determi ned from the BERA DHSCRIPTEONHAF &hPREBERRED BMBODIMENTpat t er n

densities, to be polished. Wiile Fig. 5 illustrates three actuators 41-43,
as is apparent, the insert |ayer 180MTHIE INWENIIONwuNndreds of actuators.
While the insert layer 18 is illustrated i ndependently and underneath the

backing film 20, the backing,hiilimp weul 4 el MoBrlck pAlRERYNP! Y,

the insert layer 18 could be"e I'n the backing |aye e enbedded

[ I [ . S. {abi | i Inh [ h
ator ol comgBortl oiod EREEL TG MH s T fdbirhly bECE G il o

system 50 in accordance with the invention is illustrated. The control
system 50 i s CORvstienandichges a cirpidapplishiagdetle 12 and fqiating-cagrier Ifhdthogah.r of
system 50 includes an input interface circuit 52) an output interface
circuit 2 G prdyiensRORRed, anay include a wide range of design and innovative technology. In
accordance with the invention, the carrier 14 is adapted for controlled actuation of a wafer
backing film, as described below. The CMP apparatus 10 is used during integrated
circuit manufacturing for polishing semiconductor wafers and chips which include
integrated circuits.
Referring to Figs. 2-4, the carrier 14 is illustrated in greater detail. The
carrier 14 includes a carrier base 16, a piezoelectric insert layer 18, a backing film 20, and
a wafer retaining ring 22.
The base 16 includes a first circular b‘ody 24 and a second, concentric
circular body 26 having a smaller diameter than the first circular body 24. The second
circular body 26 is mounted to the underside of the {irst circular body 24. The retaining

ring 22 has an tnner diameter corresponding to the outer diameter of the second

concentric body, and an outer diameter substantially equivalent to the outer diameter of



54, ‘and a control 56. The input interface circuit is connected across the
~conductors 44) while the output interface circuit 54 is connect st UE?}UQZ
t he second conductors 46. While not shown, all of the actuators used Wt
particular carrier 12 would be connected to the input and output circuits
52 and 54, respectively. The control 56 conprises a software controlled

devi ce, such as a m croprocessor) mcrocontroller, personal conputer or the
| i ke. The control 56 includes a suitablg storage medium and operates in
accordance with stored prograns for controlling operation of the actuators,

such as t he pefidatidtuldbodyne. qnBkkial leRp@ITihRwENg Bag DOlid yreaet paRtiRd,
sem -aut omat ed or manual , " as necessary or desired. In use as a fully

aut omat ed sy h tr r riat r er,
25 sensed by al fongh! FiAGe Rkt e ek R 2B ARG KR Bl s MR G BhLTE T
in situ by activating one or nore of the piezoelectric actuators til a
uni f or m pr eSePRNdNS thejsgeandsircalar Bedy %4:@3 g%ﬂ“é“r miFgg réé‘@ﬂ’e‘éﬁ loygr tace g
particularly illustrated in Fig. 7, where a wafer wis nounted in the
carrier 14. exteadpigdebel etawdrcuifaceei2 of thy sacod@ cir¢ulardrodzi26 o tefener gjiavteal
pressure variations induced by individual piezoelectric actuators, such as

the actuat Oro‘évi_‘@%B@n‘I}hél iezbdlbtriinsért Wbl B8 AR Be SEKIALAIND DO hiRediyREeT wivhin
subdivided to illustrate single chips 61, 62, 63 and 64. The chips 61 and

63 have | ow ] hbY. [ usesg, a i 43 to
be actuatedﬁgggéggﬁéggggbgﬁ%Sﬁgaﬁngﬁh?gEgﬁéggﬁygbﬁﬂﬁgﬁggg%g%%‘@éﬁ@?ﬂg
associ ated actuators, 42 and 66 to, be inactive. Thus, in agcordance with the
i nvention, tABSICERE FiEFUIRLRAdY nderside SWAfRResd At B’F%af}f‘&% Sy 2Odhe Yokt | on
across the wafer w 2 6 J UL 2002 11 In the seni-automated node, the
control funcassiongébelovgbel insbblayer £8.eAh arrcletiseby imFigoi apprtipn opde gtrovlat o
supersede actuation of any elenent within the matrix of the insert |ayer

18. Thi s carncdeiry 86 e€niifs BElbvIthE backkipoim 2@ice supdridgd DsericonBRdr hexfavphier w
that is not a function of pressure. Such a variable could include, but is
not limted §Q}ikeun, formdoping of the filmto be polished or a

non-uni formincomng filmthickness. Neither of these conditions would be

fg?zed by an actuator, Ag?stcotr)lg(tan iorrllg‘l\{g ) uorgll?tly% rbg‘stglagGesISQrfalré“lgr%(\:/%chﬁrrougtﬂhlesh

second circular body 26 for connection to a vacuum. The backing film 20 includes a
plurality of apertures 36, see Fig. 3. The passages 34 are connected to a vacuum source,
in use, for holding a semiconductor wafer within the carrier cavity 30. It should be noted
there are alternative carrier designs that do not make use of backside air and/or vacuum.
The invention described herein is applicable to these carrier designs as well.

The piezoelectric insert layer 18 utili:zes a plurality of thin film, dual-
function piezoelectric actuators. Referring to Fig. 5, three piezoelectric actuators 41, 42
and 43 are illustrated. As shown, the first piezoelectric actuator 41 incluaes a {irst set of
conductors 44 in an x direction and a second set of conductors 46 in a y direction. A

force exerted upon the piezo element 41 in the z direction creates a voltage about the



The wafer wis |loaded into the carrier 14 by any conventi onal nébﬁsL“JL_ZUUZ
~Typically, the wafer is provided with a notch indicating a reference

| ocation. The control 56 initiates a notch |ocation al gorithm which
actuates, in series, each piezoelectric actuator |ocated at the outernopst
perimeter of the layer 20 and reads the respondi ng pressure. \Wen the

el ement | ocated under the notch is activated, the responding pressure is

| ess than all other elenents. This allogs the wafer wto be held in a known
orientation at all times once the notch”is |ocated and using the vacuum

pressure) deggpdsepthnapouR.x dilRti6RREHS theBonditdisies EoswiriedlagupBied wliapat
may hol d various wafer maps with die |ayouts, size and pattern density

within a ne eNl.Ge n i i ocation
 gor it ol s 3EbisEon 0GR e Seclh bl Jr Bon PR T th BB 0T
pi ezoel ectric, actuators according to the known reference |location. This, in
ef fect, repl PIEAPHECtHS glepent 41 1 the g dirpetion, ahhuss the Riczpslects P%}%‘Phg 1 prayades

el enents | ocated under areas of |ow pattern density, as discussed relative
to Fig 8, tordahtinedsedtaok &iriananhnmdéess congradlied rgspbnsehwitlih esingte package. dtseas.
This provides a pre-selling for 2 6 J UL 2002 12 those product types.

The control swah give 2Rd bRNIVIGIESzeAD dtififsRP iR thdk IMRdBEIng 2B rPandifg to
gl obal pressure variations nmay exist, nmaintaining the pre-setting for

gl obal pressur . St e pre-setting Tof
2" provi ded. SAVRROSTR kol « NathauliRe BRERUARERRAMS T 1T, 1Gal L Fincti on

pi ezoel ectric actuators to provide dynamc redistrjbution of force across
t he backside of a vvaferAlHl?Pg'h@maShﬁéﬂ“igﬁaE%}oés. 4qug3t“ﬁg’%Fﬁ9%i'tFﬁﬂnqﬁ‘§§°r%een

described in ternms of a specific enbodinent) it is evident in view of the
f or egoi ng desud pperatsrsimbary touheaguatondt.er nati ves, nodificati ons and
variations will be apparent to those skilled in the art. Accordingly, the

invention is intended tAsieappirB@sthedpdcifitisiBe ahbwy dhdtdpeesing Mmthefof €iad dagrg and
variations which fall within the scope and spirit of the invention and the
followi ng cl qunR its enfre® il dbebm@8 %rom the wafer size, shape and thickness. The specific
size and shape of each actuator 41-43 is determined from the smallest die size and chip
dimensions, i.e., pattern densities, to be polished. While Fig. 5 illustrates three actuators
41-43, as is apparent, the insert layer 18 might include hundreds of actuators.
While the insert layer 18 is illustrated independently and underneath the
backing film 20, the backing film 20 could be eliminated. Alternatively, the insert layer
18 could be embedded in the backing layer 20. The embedded piezoelectric actuators
compensate for any variability inherent in the material composition of the backing film
20.
Referring to Fig. 6, a control system 50 in accordance with the invention is

illustrated. The control system 50 is shown connected to the piezoelectric actuator 41.

The control system 50 includes an input interface circuit 52, an output interface circuit



-13 ‘W claim 1. A chem cal -nmechani cal polishing apparatus for polishing a
.~.sem conductor wafer and having a carrier for the wafer, the appa u
conprising: a carrier base; a backing filmnounted to the base; ZﬁiajLH.ZUUZ
retaining ring nounted to the base for retaining the wafer; and a plurality
of dual function piezoelectric actuatofrs enbedded in the backing film and
nmounted to the base within a perineter of the retaining ring, the actuator
sensing pressure variations across the fer and being individually

controll able to provide controlled preé ure distribution across the wafer.

2. The appar Qﬁ%d%fco‘ﬁltr%l 5. 1Tn oMy ﬁ@i‘n[br?a@@cﬁ&h%tcgﬁx%c%@t‘d@@1etcl@)h8ucftbrls'1\4dua|
function plezoe ectrlc act uat or 3. A chemi cal - nechani cal polishing (Cw)

control system ntro di stri.bution ressy C e
of a seni con%’blf; P‘é m{?éﬁaﬁ%c‘bcdllnl 3 4H§8°“%68f7§ra|csolsshg g‘&@ﬁ"ﬁ%‘%&&é? §s K’i’é? ng
a carrier for supporting the wafer, a backing filmmunted to the carrier,
the carrier pAchownngla Hewemaiars ussel veithnd PAtIGRIET eastien ki Wowd decppgected to the
actuators, enbedded in the backing film the actuator sensing pressure
variations adpas and betpusdissuitasd ahé bagesprediivdlylual | y control | abl e; and a
control connected to the actuators for nonitoring sensitive pressure

variations and control IfREh{El %&dﬁ?ﬁri&@aE&ft@ﬂr@‘éb%lﬁed“&@fc&oéukﬁ@sQressure
di stribution across the wafer. 4. CWMP control systemof claim3,

wherein the actuators conprise f|| fun

2ot Uat or s. “E‘““é’PJOCEJ“SE“z‘B”%éOCOTE{°‘%“ %@0@&9%“%%%6 {85 EHEERRBERS dfiudes
wherein the control conprises a pro gramed contr ol that controls pressure
di stri buti on SHisave gprageteedium; and oppEAiRs iBRCqIsdanga Math steged pragrasyiios spmtrlling
system of claim5 wherein the control includes a notch |ocation program for
det er mi ni ng @petdadl tre asfuatdre, suetf &y the actuhter 4 &r Thecordred opdraticromay be fullyr i es
the pressure distribution responsive to the die |ayout and determ ned

orientation. aftonfaté® s a@braeld ot hhdhdial a8 Béte SsARLGCIcOiredVahaise hila ully-
chem cal - mechani cal ollshlng (CWP) system conprising the steps of:

providing a Qne?aqg rmﬂnt L é‘gér[aﬁ)l 36 FEHAE E?JserﬁQaﬁH%Q%ﬂoE’sga %‘IQ%I Vﬁfsgﬁsed By all

backing film carri e carrier I1nc

I lit f f t tuat g th bac
Fiim the act eo@cgé‘agnéﬁ'sé’wg»"%&péﬁgﬁs?o%'ar?eﬁsiiﬁ? Retiehs BLURRES e Srd TG

i ndi vidual l'y controllable nonitoring sensitive pressure variations; and
control Iing tHéhapierenlentac agugpryiniba yniteim prssiuridishbytion actgsssthe watkriion
across the wafer. 8. The nethod of claim7, wherein the providing step

i ncl udes provieaihed. Abtsuafpersulrdypinssiategd it Iﬁign 7f whene duved ferf wmcinoomted in the

pi ezoel ectric actuators. 9. The nethod of claim 7, wherein the controlling
step further c@marids el&uetm@zogteemcqﬁse@tnay@tusnuuﬁraIszqgé regTond] sressurcVartakiahs
controls pressure distribution according to a die layout of the wafer. 10.

The met hod OfmSu@c'fdrHﬁadeﬁfa Phidz bl eF ORI ERbAs 'ﬂﬁp%&ﬁ{% [U@o%‘?f‘%n? g notch

| ocation program eterm I ng orientatioh o |nt e carrier

and the control varies essure di stributi opn respons
| ayout and det er mi ned hg ghl] lustrates a section ofbHe wattr su881v1cled€€o 11?us¥ ate smg?e

chips 61, 62, 63 and 64. The chips 61 and 63 have l’ow pattern density, which causes
associated actuators 41 and 43 to be actuated. The dies 62 and 64 have higher pattern
densities, causing associated actuators 42 and 66 to be inactive. Thus, in accordance with
the invention, the control system 50 provides uniform pressure distribution across the

wafer w.



ori entation. 2 6 J UL 2002 -Is 11. A method of polishing a se ???T 1.
- wafer in a chem cal -mechani cal polishing (CW) system conpr|S|n92 6 2002
providing a CMP system having a carrier for supporting the wafer, a backing
filmmounted to the carrier, the carrier including a plurality of dual
function piezoelectric actuators embedded in the backing film the

actuators sensing pressure variations across the wafer and bei ng

i ndividually controll able; providing a conputer-readabl e storage nmedi um
having stored therein instructions for @olishing a sem conductor wafer, the
instructions includi ngIAeR sefilal@neesds@edd) tiscuitel iaciod deotbedattbve is
controlling the actuators to provide a controlled pressure distribution

across the r

stored instruc ng%sﬂyT%R%¥%%hn§@g E F%?%?§§thhere? t e? |P§?ﬂ$?ﬁnmx
provi ding ste ri ses vi.di n th| filmdu function piezoelectric
vt or . 19 thpHReHp S dBo L6 G et i enbiont ERQVIE LS SEes Bt water
therein |nfornat|on regarding a die layout of the wafer, and the

control | ing ®ttbpt if oot d&mctonpf preewire o$uoha \rarmgletqwldaat:lud@ s istnot himitedde, a
controlled pressure distribution according to the die |ayout of the wafer.
14. The net hagn-@hif6hRidBpihg.of MG 10 YeliRlidRdddr Aram-inifopinGhcdming dRinethitkiesRY
orientation of the wafer, the nedium has stored therein an algorithmfor

determ ni ng \aG0r 4§ (% % tc'oRHm%Bs Pur X f8hseldh ngaaﬁca%flﬂ t%tthhxalvggaﬁél@é?atﬁg the

notch, and the con step er conprises | ementing a program

using the algo ithmto d ternlne the orientation of the wafer in the
carrier, and %ﬂWﬁW%PWﬁﬁﬁ‘ﬁﬁEﬂ%ctuators to vary the pressure dlstrlbutlon

responsive to the die layout and the determ ned orientation.

Al . YE. AY. A@. A. Af . ASy . Theavaipyw inigrdgd into the axcrigr 34 Airnpe@meational means.
|wrnhcAY]ca]ca]ca]ca]ca]ca]c(a]ca]cRa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] calyphtig]thaaédrdfRpdov{datmd(hed dotch jrd@ating a 8eference location. The control
ErX-=| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]calc(aUc(a]ca]c

a] ca] ca] ca] cakGakiaak Gt el 4eriRhGMied 2@ tes, il Serres @B Pledodbdifia] ca] cal

ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(

S ENG 11wy A Eé%ﬁf@%m&aa‘g%mquﬁﬂ U7eaRahs LapLa) ) eaidhs Espenden) ca) ca
| eal cal cf .a]Eg? SRl Bl alnat rehaalalel sakhal salse el %&Lxﬁ e pressare

1s less than all other elements. This allows the wafer w to be held in a known orientation
at all times once the notch is located and using the vacuum pressure, described above.
The control 56 includes a suitable memory that may hold various wafer
maps with die layouts, size and pattern density within a memory device. Once the notch
is located, using the notch location algorithm, an api)ropriate wafer map can be
downloaded to the appropriate piezoelectric actuators according to the known reference
location. This, in effect, replicates die pattern density variations by activating those
elements located under areas of low pattern density, as discussed relative to Fig. 8, to

increase localized pressure and polish rates to those areas. This provides a pre-setting for
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2. The apparatus of claim 1, wherein the actuators comprise thin film dual function

piezoelectric actuators.

3. A chemical-mechanical polishing (CMP) control system for controlling
distribution of pressure across a backside of a semiconductor wafer being

polished, comprising:

a CMP apparatus having a carrier for supporting the wafer, a backing
film mounted to the carrier, the carrier including a plurality of dual function
piezo electric actuators, embedded in the backing film, the actuator sensing

pressure variations across the wafer and being individually controllable; and

a control connected to the actuators for monitoring sensitive pressure
variations and controlling the actuators to provide a controlled pressure

distribution across the wafer.

4. The CMP control system of claim 3, wherein the actuators comprise thin film

dual function piezoelectric actuators.
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providing a CMP apparatus having a carrier for supporting the wafer, a
backing film being mounted to the carrier, the carrier including a plurality of
dual function piezoelectric actuators embedded in the backing film, the actuators

sensing pressure variations across the wafer and being individually controllable;
monitoring sensitive pressure variations; and

controlling the actuators to provide a controlled pressure distribution

across the wafer.

8. The method of claim 7, wherein the providing step includes providing actuators

comprising thin film dual function piezoelectric actuators.

9. The method of claim 7, wherein the controlling step further comprises the step of
operating a programmed control that controls pressure distribution according to a

die layout of the wafer.

10. The method of claim 9, wherein the controlling step implements a notch location
program for determining orientation of the wafer in the carrier and the control
varies the pressure distribution responsive to the die layout and determined

orientation.
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backing film mounted to the carrier, the carrier including a plurality of dual

function piezoelectric actuators embedded in the backing film, the actuators

sensing pressure variations across the wafer and being individually controllable;

providing a computer-readable storage medium having stored therein

instructions for polishing a semiconductor wafer, the instructions including

monitoring sensed pressure variations, and controlling the actuators to provide a

controlled pressure distribution across the wafer; and

controlling the actuators in accordance with the stored instructions.

12. The method of claim 11, wherein the first providing step comprises providing

thin film dual function piezoelectric actuators.

13. The method of claim 11, wherein the medium has stored therein information

regarding a die layout of the wafer, and the controlling step further comprises

controlling the actuators to provide a controlled pressure distribution according

to the die layout of the wafer.

14. The method of claim 13, wherein the wafer has a notch for determining

orientation of the wafer, the medium has stored therein an algorithm for

determining the orientation of the wafer in accordance with location of the notch,

and the controlling step further comprises implementing a program using the

algorithm to determine the orientation of the wafer in the carrier, and controlling

the actuators to vary the pressure distribution responsive to the die layout and the

determined orientation.



