; xye3eB pB] 46TpBJ+24 April 2003 - 1 A SCALABLE MULTI - PAD DESI GN FOR
| MPROVED CMP PROCESS { 1 ) Field of the Invention. The invention relates to
the fabrication of Seniconductor Wafers, and nore specifically24apraihe20Rdd
of Chem cal Mechanical Polishing (CW) of very |arge sem conductor wafers
of the type used in the fabrication of Integrated Grcuits. (2) Description
of the Prior Art. Integrated Circuits are conventionally fabricated from
. sem conductor wafers, each wafer contains an-array of individual integrated
circuit dies. It is of key inportance that the wafer be polished to a

pl anar confi gurat.i t I t f I stages. This
requi r ement %béghgggFﬁc¥§§§¢%%@§%} re d?bﬁigﬁ?ggYﬁééﬁhgﬁﬁaiﬁggé the size of
the wafer increases. One of the nobst serious problens inherent in the CW
process is non-uniformty of the polishing rate over the -entire surface of
an object to be polished, e.g. a sem conductor wafer. A nonuniformrate of
polishin resuhts in not_all surf ace regions of the wafer being polished
equal |y \Wini EFSAEsCh e i gierdetFimental effect on the yield and reliability
of the produced 3eELAEDAHCLOlaELEMRN S Ehnk o LIFLETON i RRIATRY

i nportance to devel op technol ogy Ich permits further 1nproving the

uni f or mWafeafs ,t Badpabis hd per i Biten lave kot Aemethdd & S WHaaGe a0f MebRawater, a
requirenment. 24 ril 2003 -2 which becones even nore inportant as the
si ze of RAHSRENSr (FHB) e@f et THA e SERLCPAdeAt PBWRERIF R e $hehEYPRODI ens
of wafer | i.shi LN em cal chanjcal . Pl anarization for very |arge
\f/\/afers.uﬁl.%3 ﬁgt%ﬁ% g?%ﬁ%%%%%P?'éﬁ %gﬁegfa%fS)c*Qﬁﬂ£%§§ a polishing pad
cluster for polishing sem conductor wafers , the pads do not rotate. U S.
Patent 5,230, 184 (Bukhman) teaches a plurality of periodic polishing pads,
t he padd 2doDestcriptave.of theSPrRatreArts, 664, 989 (Nakata et al.) teaches

polishing pads with air cell mats, this aegégggh is fundanental ly different

I \
fromthe pre§@ﬁ@??ﬁ§§ﬁt?bﬁ?u{f%ia¥%F@HVe§ _éﬁ %%Qflﬁ%_ JEP pol i shi ng
pad Whi Gferd;$ddidvi-ded %QEQ:&owiéﬂﬁdaﬁ%reégﬁtéﬁﬂbognC&FH&?'Hf”QnQEbEHhéﬁ hol es
for inproved wafer polishing. Wien processing a wafer, "a conventional wafer
cl anpi ng.-neregamagedent. rsectrdsesa. Vi|f érs bd kewaimporomdang:lpededealvaiet hbea
circular wafer clanmping ring. The clanping ring is used to press the edge

of the WFdhEst 50t AP LT ML QUGS ORgF L albRE hehE $HaFeS I (BSer WaERFace

of the I S g ' o rovij.ded .t o .f supply
of an i erot%“gggﬂgn%%é%%,é glﬁrg: v %qulggghl,ggtt 03%1%2&%&;(:1%5&' eaLdS(JL1En %tllgeﬁv\gvg? er, this
to i npr eMe flikenakot sansFercdetsetr sheevnaf ethangh idie iheateaseghuck. This

t akes advantage of the large thermal mass of the heater chuck relative to

the wafer for conducting tenperature. In this way, a predictable and

consistent t gperat yre |5 i ntalned cness Lhe waler sal, d age during wa er
processi ng, an he "vat Toeés process steps that are use o fabricate

devi ces ighnbheunatermsuyf@cecHBYpdIEshing rate over the entire surface of

' an object to be polished, e.g. a semiconductor wafer. A non-
uniform rate of polishing results in not all surface regions of
the wafer being polished equally which has a serious detrimental
effect on the yield and reliability of the produced semiconductor
elements. It is therefore of paramount importance to develop

technology which permits further improving the uniformity of the

polishing rate over the entire surface of the wafer, a requirement
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carried out in a reliable manner. During standard PVD processing,
deposition of the metal filmon the surface of the sem conductor wafer
typically results in the. deposition of a metal filmon tire s fage! #P°¢ he
clanping ring This deposition alters the profile (height and inner

di aneter) of the clanping ring, which in turn results in the netal ring,
that is its nodified profile, being shadowed on the sem conductor wafer

~which is being processed. This shadowi ng has a negative effect on wafer

yield and nust therefore be restricted or elimnated. - 3 SUMVARY OF
THE | NVENTI ON 24 April 2003 Accprding to the present invention, a polishing

pad C! ust erwl{-ia tRES el,sg\ee(}{ r@cgg 1&%&1‘:11?[% glg si\églc;fyth% a5k reingr%m S(;onduct or V\@.f ers
conprising a Hlura ity of [ntegrated Cifcul res” “Thi's cluster includes a

pad support and a plurality of polishing pads, each of the polishing pads
rotating i nMhehesot anetiof addiesaaliqirollanoifmdid PeliskRe ubicaChdiica MeXliag)caland each

pol i shing paghadindbyidua! lyecemtsol led. A principle object of the present
invention is to provide a nmethod of Chem cal Mechanical Polishing (CW) for

very large wafers. Another object of the present invention is to provide
ext ended cdohb rislenoyets, 198K Tadikh pigil ) wecdss afolislinegreadetistr Bagolishingi n t he

sem conductsemicaafuenr ek gip ehdssoed: roAreot her obj ect of the present invention
is to maintain polishing uniformty across the wafer for very large wafers
. Anot her qﬁ' t o{ tg ent. invention.is.to maintain process

opti m 2at | QRS HRF e F0a ARG PREHE e daLeainy 8 et polisBie pte g s e
processi ng 'efroésy | arge wafers .

( 7 U.S. Patent 5,664,989 (Nakata et al.) teaches polishing pads with air cell mats, this approach
is fundamentally different from the present invention.

U.S. Patent 5,329,734 (YU) teaches a polishing pad which 1s divided into two regions each
region containing circular holes for improved wafer polishing.

When processing a wafer, a conventional wafer clamping airangement secures a wafer to a
wafer cooling pedestal with a circular wafer clamping ring. The clamping ring is used to press
the edge of the wafer into the continuous (sealing) abutment with the upper surface of the
walfer pedestal. A port or opening can be provided to flow a supply of an inert coolant gas,
such as argon, to the backside of the wafer, this to imptove thermmal tiansfer between the
wafer and the heater chuck. This takes advantage of the large thermal mass of the heater
chuck relative to the wafer for conducting temperature. In this way, a predictable and
consistent temperature is maintained across the wafer suiface during wafer processing, and
the vailous process steps that are used to fabricate devices on the wafer surface may be
carried out in a reliable manner.

During standard PVD processing, deposition of the metal film on the suiface of the
semiconductor wafer typically results in the deposition of a metal film on the suiface of the
clamping ring This deposition alters the profile (height and inner diameter) of the clamping
ring, which in turn results in the metal ring, that is its modified profile, being shadowed on the
semiconductor wafer which is being piocessed. This shadowing has a negative effect on
wafer yield and must therefore be restricted or eliminated.



24 April, 2003 - 4 Another object of the present invention is pad condition
control and process paraneter control across the area of the entire &

for very large wafers. In the first enbodi ment of the present %né%ﬁ?“gﬂ {he
downward pressure of the rotating polishing pad is adjusted via a flexible

menbrane which is controlled by a pressure cavity. The interface between
the the flexible nenbrane and the polishing pad is fornmed by ball-bearings.
-3 ,: In the second enbodi mrent of the present invention the downward

pressure of the rotating polishing pad is djusted via a flexible nenbrane
which is controlled by a pressure cavity. The interface between the the

fl exi bl e menbrane and t he PUMMARY Mef J&E IFVBHTLOBf the nmenbrane. In the
third enbodi rent of the present invention the downward pressure of the
rotating polishing pad is controlled by nagnets which formpart of the

rotating pO'A'c:%'&'::BQnBagé tﬂé‘ eﬁfé%én‘%“&h@eﬁ@&ﬁ' MErs 1 fshtﬂﬂ Ogéﬂsé‘ﬂﬁs{é‘i’ ention

t he downward pressure of rotating polishing pa trolled by one
| ar ge aﬁgpebvmhedhférwpmixﬁhﬁngowetpelmagersqmmuundﬂmwdr aasenbly In the
fifth enbodi.nent of the present invention the downward pressure of the

rotati FGTPSAPLABNE PHFISLEH M dPEeErByepRFGEt dies. This cluster

includes a pad support and a plurality of polishing pads, each of
the polishing pads rotating in the plane of the wafer (around the
vertical or Z axis) and each polishing pad individually

(:: controlled.

A principle object of the present invention is to provide a
method of Chemical Mechanical Polishing (CMP) for very large

wafers.

Another object of the present invention is to provide
extended control over polishing rates of selected areas within the

semiconductor wafer being polished.

. Another object of the present invention is to maintain

polishing uniformity across the wafer for very large wafers.

Another object of the present invention is to maintain
process optimization by maintaining tight process parameter

control for the procesasing of very large wafers.
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24 April 2003 = - 5 nechanical weights which are part of the polishing
pads. BRI EF DESCRI PTI ON OF THE DRAWNGS I n the acconpanyi ng draw ngs,
forming a material part of the description, there is shown: Fi g&. ABrithf@fgh

"7 schematically illustrate a preferred enbodi nent of the inplenentation of

the present invention. Fig. 1is a plan view of the polishing pad assenbly
of the present invention. Fig. 2 is a cross-sectional view taken along |ine
2-2' of Fig. 1. Fig. 3 is a cross-sectional~View of two polishing pads
mount ed i n aARPeRéed| @b jembrdnshei preaent bbaweényison Bisgpad £endition

cross-sectﬁgnﬂl view of a %olishingE ad nmounted in f 1 exi bl nbr ane
wher e t 8 HDT t??é)?%?ﬁ%%ﬁ: G aPREe thel 3qnpsss the 3TeRr0QE- Rt i onal
viem/ofégtpgéi§ggggjgﬁqv@9§r§ Egg down-ward pressure on the polishing pad
is exerted via magnets which fo m part of the polishing pad. i 24 Apri
2003 - b Fig. 6 is a cross-sectional view of a polishing pad where the
down-ward pressure on the polishing pad is exerted via a |arge
In the first embodiment of the present invention the downward

pressure of the rotating polishing pad is adjusted via a flexible

membrane which is controlled by a pressure cavity. The interface

between the the flexible membrane and the polishing pad is formed

by ball-bearings.

PEN
V

In the second embodiment of the present invention the
downward pressure of the rotating polishing pad is adjusted via a
flexible membrane which is controlled by a pressure cavity. The
interface between the the flexible membrane and the polishing pad

is part of the membrane.

In the third embodiment of the present invention the downward
pressure of the rotating polishing pad is controlled by magnets

which form part of the rotating polishing pads.

In the fourth embodiment of the present invention the
downward pressure of the rotating polishing pad is controlled by
one large magnet which forms part of the wafer mount chuck

assembly

In the fifth embodiment of the prnsent invention the downward

pressure of the rotating polishing pad is controlled by passive



nﬁgnet which is nmounted on the wafer nounting chuck. Fig. 7 is a
cross-sectional view of a polishing pad where the down-ward pressure on the
" polishing pad is exerted via mechanical weights. E' DETAI LED BESERIP1001~
OF THE PREFERRED EMBODI MENTS Turning pow to the drawi ngs, Figs. 1. through
7 relate to the preferred enbodi ment of the polishing pad assenbly 10 of
t he pr asshenigadnvesdahtThehipyl iaglel pgrpadf 1tthe paddsihgmgdpds -use i n Cheni cal
. Mechani cal Pl anarization of a wafer 14 that includes an array on integrated
circuit dies. Typically, wafer 14 is nounted in a non-ginbaling wafer nount
whi ch provides a polighiRg, ppsEerstrderiraE! SsihPeand rotates wafer 14
about the center of rotation C. Referring now nore particularly to Fig. 3
there is shown a cross-section view of an assenbl age of polishing pads 16

inrelation_to the location of the wafer 14 which is bejing polished using
the Cheni calPVEBRaAFEERPHRY I_RNiHFWIONS)y HPERLRE. @ Matemiay)y &8t & £he
reason i.ng si icity, only two of the multiplicity of possible
rotati?ﬁg%ggégﬁ%ﬁ %%%gé £ fﬁ?&%fil 2003 _ 7 _ Chuck 12 is nmade of a flat
rigid material, such as stainless _ steel, so that it-supports.substrate
14. Substrate 14 is typically held on chuck 12 by a vacuumforce that is
commonl y us&d-gand lwehtoupitl et stadethaiticahdysehl eomdake: or paretf eamed s not

i mportant for understandi ng the present _invention. Chuck 12 is attached to
. Shaf EMBPUG MY e REnt eI AL SRl Bhet HoRABAT o PURAER 2 | a
vertical direction, a horizontal direction, rotational, and vibrational. It
shoul d be understood that when substrate 14 is held by chuck 12 that
mvenent of chuck 12 is transferred to substrate 14. Additionally, any

yvenent can .be done sinultaneous%y, such_as vi brational novenent while

chuck 12 sl 6Wdy fot-atdsPla poigw%minGlpr Bebsshbagi PR \iaSe s fatBe14 on
chuck C ically holds the substrate 14 by use of vacuum
source%%'S%Bgugg&%%%%%%'applied to the top surface of the substrate 14,
such as a solvent or a slurry. Dispensing nethods are well known and are
_not necessa%y for the understanding of the present_ invention. Chuck 12 with
substrate i §ifovédigod tHEASTURUET RS ¥ald bekoRenlebstima €24 #Ad
polish%qg_qus 16. Pressure is allowed to enter cavity 22 through port 24,
t hereby Créating pressure 20 which pushes the flexible nenbrane 13 in a
downward or outward direction. As a result of this notion, polishing pads

16 are pressed in a downward or outward direction and conformto the
Fig. 3 is a cross-sectional view of two polishing pads

mounted in a flexible membrane via ball bearings.

Fig. 4 is a cross-sectional view of a polishing pad mounted

in a flexible membrane where the mounting is part of the membrane.

Fig. 5 is a cross-sectional view of a polishing pad where the
down-ward pressure on the polishing pad is exerted via magnets

which form part of the polishing pad.



22 April, 2003 _ g _ unevenness or irregularities of substrate 14. If, in
addi tion, each polishing pad 16 has approximately the sane sizg as th Og'e
and if each polis-hing pad is positioned over a single die Iocﬁ%ﬁ8ﬁ15% %e
substrate 14, this allows for polishing or planarization of each individual
-di e, regardless of how warped or uneven the substrate 14 may be. Since, in
addition, the polishing nenbrane 13 pushes polishing pads 16 into the
substrate 14 with equal force or pressurte -polishing rates for each

i ndi vidual polishing pad are relatively equal even on an irregular surface.
The fl exi bl en; el3 i nggﬁ Lde mal | [ 22 by
nmeans of anq%gggqfﬁﬁgg(%%?éihomn qﬁkﬁbhagﬁze?d%gg%iﬁghﬁﬁﬂ1Q?Fppﬁ%§%lg¥Fble
menbr anownHwea D pirglsage padstfopdllishihegspal Lanvenddttud ey beldggd in
virtual ly any application of the chem cal mechanical planarization of

sem corffREReS T Whlisst L&t Beunidmprofthehwadpe el s cimsiker s when using t he
pol i shing pads should be simlar to the paraneters using conventi onal
pol i shing pads. The slurry conposition, polishing pad rotational velocity
and substrat; 4 ot7atisopaly Y&l OGddys A Fhbvespestssh {mihgy Wddimeteger mal
operating paraneters of polishers with conventional polishing pads. The
shaft IBwn-warc iprielksupel o5 hiy geaddshiégapednbu e fdtviadeethrodghlt he

fl exi bl e menbrane 13 and are supported at each protrusion by ball bearings
18 mhiéﬁagﬁﬁﬁﬁe the polishing pad to rotate R around its axis. The bal
beari ngs 18 enpl oyed are not 24 April 2003 _ g _ part of the present

i nvention, they may consist of one unit per polishing pad shaft or of two
Separate units peOETAILEShDRGCRERT SHAfdr THE PREOFERPED HMBADIMENTH € used for
the ball "bearings 18 each of these units is nounted on the flexible
menbrane on the opposite side of the conmpanion unit with both units

bel ongi ng tthﬂ%Ji?%%wp£8t£Héié¥5&¥nééﬁaﬁ%%%isTi”9h§£§%ﬁ-7 relate to the
preferred embodiment of the polishing pad assembly 10 of the
present invention. The polishing pad 16 is designed for use in
Chemical Mechanical Planarization of a wafer 14 that includes an
array on integrated circuit dies. Typically, wafer 14 is mounted
in a non-gimbaling wafer mount which provides a polishing force in
the 2 direction and rotates wafer 14 about the center of

rotation C.

Referring now more particularly to Fig. 3 there is shown a
cross-section view of an assemblage of polishing pads 16 in
relation to the location of the wafer 14 which is being polished
using the Chemical Mechanical Polishing (CMP) process. Fig. 3
presents, for reasons of drawing simplicity, only two of the

multiplicity of possible rotating polishing pads.

t



The assenbl age shown in Fig. 3 contains a driver mechani sm 26 which
-.Stinulates the rotation R for each of the polishing pads 16. _ This driver
mechani sm 26 can drive all polishing pads 16 sinultaneously or 2thrrdii 2403g
of the polishing pads can be divided into one or nore (nultiple) zones. A
zone in this context is understood to nmean a functional grouping of one or
nore polishing pads such that these polishing pads exhibit the sane
characteristics of control, that is rotation'R and downward pressure 20,
and operation. Miultiple driver zones allow for selective polishing of the
waf er substrghgchdlanik inideodifcastoae ffiel eneelrial , conen ods fofaiieess
polishing process. This additional |evel of control allows for selective
pol i shi Age6l rspectidt Mafepprarsassorstiiate tld i Aobatsate f ¥4 riantt yoicatlilng

speeds d d-iffere uses of slugries. The.nmethod of inplenenting.driver
rechani BRLIGONSCREE ot Blof PAPUSTNURRS GHheh EROBGMPARY HTS bS]
par amet 8hgeF0EoSHC N A Kl 16a; JREARRLE MAPRING iWIREE RS 4Ay & o meChani sm

is unique is that It nmust rotate the polishing pads 16 while providing a
| oose nmecHansecahdingpthedpresdnte ipoknshong Qladsk 4@ 4s avtaciboedntv E t t he
effectiveness of the downward pressure 20. 24 April 2003 - 10 Cavity 22
i s furtRBREEQRY ppetPVaRata MSNEoF at Bt s aYS FOVePRREeCL 7CHMFEN 4 €t G ct S

not i on : ol,j shi ads . i.n. i.rectli . Thi e may be
requir eggaﬁgg?o %l%%&r{e]%ar& \%e th%%?ﬁt%} acpﬂree sx%é) ! %?Qg%gﬁﬁg' g%rﬁ% he
pol i shi fgbpadscall . | fk it IRAbeOOnYeE S ddd Sshdth@hpal sebsfgapad 464 0

polishing pad axis 19 interface may be of a design which allows the
po) i shi hglgably 16hudk ak2 ithuitamevemenbver idhudte 1%- ¥sf tepes faumed W her

'l owi h d . Cl I dh to t f th f that |
geiggnBgPﬁggﬁggeT%gsr%%é;é%éﬁ%i&&éegpg{ibYéﬁeq;ié?%ngfﬁ%g%resgnraiﬁLent?onls
and cans&muﬁghlae%gwwm 2L 62RAUSHOT RAIdRINNGRRIACEhEER PNG Wwly

i npl enent ati ons. Indicated stabilizer plate 17 1s optional, this plate
nmust berpeatesated so as not to inhibit the downward pressure 20. The feed
t hrough of the polishing pad axis 19 through the stabilizer plate 17 nust
be rigid in the X-Y direction but nust be | oosely coupled in the Z

direction, agapgsonasyfoddtd MUGDLL QLRI ARLe LRSI n20nubk 012 4 differs

fromFig. 31n tec gue use or the protrusion of the shafts 19 of

t he pol Cehtkglpatdgpildalhy oiegldst haef exs tt @carenbibgnes&7of | vaddis senhed rent
of the present invention ng ball bearings are used, the opening for

pr ot r usPohif8ifagan dre tappliijedkitl BhREerR aiterface of4tpprsRboBRRte 14,

such as a solvent or a slurry. Dispensing methods are well known

and are not necessary for the understanding of the present

invention.

Chuck 12 with substrate is moved so that contact is made
between substrate 14 and polishing pads 16. Pressure is allowed to
enter cavity 22 through port 24, thereby creating pressure 20
which pushes the flexible membrane 13 in a downward or outward
direction. As a result of this motion, polishing pads 16 are

pressed in a downward or outward direction and conform to the



Fig.. 5 shows an apparatus in cross sectional view where nmagnets 30 are

-, used. Each polishing pad 16 has one correspondi ng magnet 30. The magnets 30
have an opening in the center which allows the shaft of the pold‘shitig et
16 to nove freely in the Z direction. The magnets 30 create a magnetic
field which interacts with the polishing pad 16 so as to urge the polishing
pad 16 toward wafer 14. If desired, the magnets 30 can be designed to

.create magnetic fields which are not uniformfor all the magnets 30
appl i edINEHERNRES AT LR IAEIIELERt PO rEURRE@ tSolldshifig FatadditEkrnt o be
greater r €, i ry .o h 'y th near " L.- t center, the
magnet <50 AT @ engar TaRena b Ehen8ahe fiZeat b e
vaf er 1ldnd hah N8AH Jd1e sRehigPREAYLS &8l BRke LheiRGld st oy date Jppre
nearly uni formacross the surface of the wafer. The invéerse is also
possi bl en e crudwtteratttee 1dRghei s callatdSorbpbhipbingnent p haagmet sataich elfectro
magnets_can be used. Fig. 6 shows thedééoss-sectional vi ew of a wafer

F
“pol i shi FE°Lpiaiiiiadh&ie arPdrgelfAag Mt MRy W&rREENPEJUBRAVEDBPtR? and as
part of r Ssek : | | at.|,Ag - 'gﬁg! he
nagneti%&$?%¥%a%fhﬁggﬁipéé6§F$%%{%ﬁé c dé£§ggsgh I§£?%§§E?$éha séﬂgfﬁﬁihing
t he magpethd$ pal idie ehpalkisasseimty tie sMbgretta6 1¢r egtRSequanghetde o el d
which interacts with the polishing pad 16 so as to urge the polishing pad
t owar d PRRSHafer Palisdedia sateshbormarht 1¥6livafupd pesighendtpadrass e
magnet i i el whi ch .are not uniform across. the magnet. For exanmple, ~.n
t he sit%éi%%ﬂaaﬁéf%pEHZEvﬁﬂer 2003 =° arbSPF?ﬁFﬁg rates tend to be
{gteater near the periphery of the wafer 14 than near the center, the magnet
can provide stronger magnetic forces-near the center of the wafer 14 than
near the perThdmefleiible denber ddkéstdetatiiddHingheatedroré hearvallmif orm
acr oss tge surfaggg f the mafgr. The inverse is aJ so possible. To create
the maghetTE ¥1%I4fs PYoBERNS Bér MRrEtie rdgfet 8aniNeYR et VR TRAFET ¥ %an be
used. Fi@ppdrehay¥s +RCkPe%1586hORNMand ew of the wafer polishing L
appar atus where nechani cal wei ghts have been used to enhance polishing pad
to wafer contact. These weights can be varied in size or weight such that
t he downward pressure exerted on the polishing pad can be varied resulting

in sel ectivitye oAy Mgdspéed e REARYed AN OB Mavehs BFedi ¥y

W t hin ] L .waft.er Ech i I paLi This_i ti:on is
e B R A

vari et yobfsgoldahivtgqradspangdapeki. shamg gma heo opelrashhgopaxase O Hitwharan be
used. A wide variety of -polishing pad material cans al so be used conbined
W t h oruskepartdie dalgmhdndapgdsvappety R ShAGds teothei paraneters i d he

pol i shi ng. pads: in either  t.h Lonyof Jqt.atj o ar i.n.noti i \éf

di rection, %&54%3tﬁé}ﬁﬁﬁ%§ Egﬁ berpendiéﬁﬁgg F§°Fﬁ518 énggé%g?%ﬁg (%r

Jbeing pobtshishal velocity and substrate rotational velocity are all
expected to be within the normal operating parameters of polishers

with conventional polishing pads.

The shaft 19 on which the polishing pads 16 are mounted
protrude through the flexible membrane 13 and are supported at
each protrusion by ball bearings 18 which enable the polishing pad

to rotate R around its axis. The ball bearings 18 employed are not



24 April 2003 - 13 It is therefore intended that the foregoing detailed
description be regarded as illustrative rather than limting, and t, a% it

" be understood that it is the followi ng clains, including all éﬁuﬁWﬁ1e W?,
whi ch are intended to define the scope of this invention. 24 April 2003
--14 Cainms: | . A scalable nolts-pad polishing head design for polishing a
surface of a sem conductor substrate conpr?sing: a nmultiplicity of rotating

pol [ shi g pade cwbereliez eaghoal, 58l dAQl 10 AULLaNbRopadR e munted on

a rotatrng poli g pa er éby owydi ng rotating pori-
shafts; pa1{sexhdl gadreydyranert BEovgh éé@amesamdtfsoba&ngopgémﬁm hdpad
0

shafts are nounted; a driving nmechanismfor rotation said rotating
pol i shi agaphd Bhafus sepapagssunitedarawigad tforwrhehbsal doédriads eldrenbr ane

is attached ich allows fqQr unifot mpolishing.across the surface of the
seni conaﬁ‘é?o%’,\?sﬁb%st‘? ér‘tne“l’)”eilﬁgmBBP%ﬂe%‘? Hifd f&eg‘ﬁgglel PePREAPRatR W ch

stabi li r i | l.shi.ng: i I - bl e
D1 5+ poie ROl Sh T Kad ot Ce BT P e el Cher o e &T 1 £ O BaY | <hi ng
pads al eheosgné setbtfussidn e@nthd. pdiiesisios) ahlagtnol t s- pad pol i shing head of
claim1 wherein the plurality of polishing pads are. coated with a sel ected
mat eri al having a characteristic hardness. 4. The scalable n nilti-pad

pol i shing he O CalJtl 1.1 Jherelll the | i.shing .pads_are coated with a
ot er a1t halhPs2SEPERIASP AR RGBS oup SO fg BrdRpnueaiat it (A be i
" S. A grababieif®l dssPathdaRing Reash d.fé'i:!rgrcbeQﬂESprL@Ein% padd ipdicity
of rotating polishing pads wherein each pad is mounted Gt a Shaft, a

1 exi bl Ehaendrivee dediflilkgl 26l cahl CrivSa Wl mstldtshigigpokidshiiAg pad Shafts

al’a 111011i1ted, a dl tying mechanism for Egﬁ_rotatio of tgg r_orating
pol 1 shi G BATSHEQIBH b S A LUATL 5 LG AU AHEY PERFOF R ner SHATS
at t ached il 6he Bt Qe d Qnud i HOLT POLESN! NG A A3S chiie EBhLER: SiL Tace of
t he sem conductor substraté béing polished; and a stabilrzing plate which
st abi | i rasetheocod ot @tridih pOlfuabihogapaghsoupian of- ¥npl anenoae nealss Hiorg
urging the se.m conductol being Rolished agai nst said rotatnlg pohslung
pad, anBads such that these polishing pads exhibit the same
characteristics of control, that is rotation R and downward
pressure 20, and operation. Multiple driver zones allow for
selective polishing of the wafer substrate 14 and introduces one
more level of control for the polishing process. This additional
level of control allows for selective polishing of specific wafer
areas or dies to include different rotating speeds R and different
uses of slurries. The method of implementing driver mechanism 26
is not part of this invention although all normal design
parameters for such a driver mechanism apply. Where this driver
mechanism is unique is that it must rotate the polishing pads 16
while providing a loose mechanical coupling to the polishing pads

SO as not to inhibit the effectiveness of the downward

pressure 20, i
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multiplicity of rotating polishing pads wherein each of said rotating
pol i shi ng patlse i sndimadeeidstabilizer plate 17 is optional, this plate

must be perforated so as not to inhibit the downward pressure 20.
The feed through of the polishing pad axis 19 through the
stabilizer plate 17 must be rigid in the X-Y direction but must be
loosely coupled in the Z direction, again so as not to inhibit or

hinder pressure 20.

Fig. 4 differs from Fig. 3 in the technique used for the
protrusion of the shafts 19 of the polishing pads 16 through the
flexible membrane 17. In this embodiment of the present invention
no ball bearings are used, the opening for protrusion is part of

the flexible membrane.
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SO as to urge the polishing pad toward the wafer. If desired, the

magnet 36 can be designed to create magnetic fields which are not

uniform across the magnet. For example, 4in the situation where
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olrshing pad to wafer contact. These weights can be varied in

size or weight such that the downward pressure exerted on the

polishing pad can be varied resulting in selectivity of polishing

speed for selected bands or areas or dies within the semiconductor

wafer which is being polished.

This invention is not limited to the preferred embodiments
described above, and a wide variety of polishing pads and
polishing pad to polishing-axis joints can be used. A wide variety
of polishing pad material cans also be used combined with or
separate from a large variety of methods to stimulate or move the
polishing pads in either the motion of rotation or in motion in
the 7 direction, that is the direction perpendicular to the plane

of the wafer being polished.
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Claims:

1. A scalable multi-pad polishimg head design for polishing a surface of a semiconductor
substrate comprising:

a multiplicity of rotating polishing pads whereby each of said rotating pohshing pads is mounted
on a rotating pohishing pad shaft thereby providing rotating polishing pad shafts;

a flexible membrane through which said rotating polishing pad shafts are mounted;

a driving mechanism for rotation of said 1otating polishing pad shafts;

a pressurized cavity to which said flexible membrane is attached which allows for unifoim

(j polishing across the surface of the semiconductor substrate being polished; and

a stabilizing plate which stabilizes the rotating polishing pads in an X-Y plane.

2. The scalable multi-pad polishing head of claim 1 wherein the plurality of polishing pads ate

comptised of silicon.

3. The scalable multi-pad polishing head of claim | wherein the plurahity of polishing pads are

coated with a selected material having a characteristic hardness.

4. The scalable multi-pad polishing head of clanm | wheremn the polishing pads are coated with a

material that 1s selected from the group comprising diamond and mitride

{0 5. A scalable multi-pad polishing head design compiising:
a multiplicity of rotating polishing pads wherein each pad 1s mounted on a shaft,
a flexible membrane thiough which said rotating polishing pad shafts ate mounted,

a diiving mechanism for the rotation of the rotating polishing pads.

a pressutized cavity to which the flexible membrane is attached which allows for uniform

polishing across the entire surface of the semiconductor substrate being polished; and
a stabilizing plate which stabilizes the 1otating polishing pads in an X-Y plane,
a means for wiging the semiconductor being polished agamst said rotating polislung pad, and

a driving mechanism for the 1otation of the 1otating polishing pads.

6 The scalable multi-pad polishing head of claim 5 wheren the plurality of polishing pads are

comprised of silicon.

7 The scalable multi-pad polishing hiead of claim 5 whetein the plurality of polishing pads are

coated with a selected matenal having a chaiactenstic hardness
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8. The scalable multi-pad polishing head of claim 5 wherein the polishing pads are coated with a

matenal that is selected from the gioup comprising diamond and nitiide.

9. A scalable multi-pad polishing head assembly for planarization of semiconductor wafeis

comprising:

a flexible membrane;

(J a multitude of flat rotating polishing pads mounted on a multitude of shafts which are

functionally attached to said flexible membrane;

a means to deliver pressure to each individual rotating polishing pad across the flexible

membrane;

a substrate chuck having a semiconductor wafer placed and held on said substrate chuck,

whereby said wafer and the multiplicity of rotating polishing pads are pressed together so that the

wafer and the multiplicity of 1otating polishing pads are m contact, and

a means of providing motion to said substrate chuck

10. A scalable 1otating polishing head assembly of claun 9 wherein said motion provided to said

substrate chuck 1s vertical

1 A scalable 1otating polishing head assembly of claim 9 wherein said motion provided to said

£, substrate chuck is liorizontal.

12. A scalable rotating polishing head assembly of claim 9 wherein said motion provided to said

substrate chuck is rotational

13 A scalable 1otating polishing head assembly of claim 9 wherein said motion provided to said

substrate chuck is vibrational

14 A scalable multi-pad polishing head design for polishing a surface of a semiconductor

substrate comprising:
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a duving mechanism for rotation of said 1otating polishing pads;
a pressurized cavity to which said flexible membrane is attached to apply pressure o satd
polishing pads to cause the 10tating polishing pads to press against said swiface of a
semiconductor substrate which allows for uniform pelishing across the swface of the
semiconductor substrate being polished;

C) a stabilizing plate holding each said shaft on which each of said 1otating polishing pads 1s
mounted for stabilizing the rotating polishing pads in the X-Y plane,
a substrate chuck having a semiconductor substrate ptaced and held on said semiconductor
substrate chuck, whereby a multipheity of dies contacts the multiplicity of rotating polishing
pads;
a means for selectively controfling rotational speed of the 1otating polishing pads,
a means for grouping the rotating polishing pads into polishing zones, and
a means for providing motion to the semiconductor substrate that is held on the substiate chuck

agamst the multiplicity of rotating polishing pads, wherein the individual silicon polishing pad 1s

grooved

15. A scalable multi-pad polishing head design containing a multiplicity of rotating polishing
pads for polishing of semiconductor substrate surfaces comprising’

(\._' a means for urging the rotating polishing pads agamst the surface of the semiconductor substrate

’ being polished;

a driving mechantsm for rotation of the rotating polishing pads;
a substrate chuck having a semiconductor substiate with a multiplicity of dies placed and held on
the substrate chuck, whereby the multiplicity of dies and the multiplicity of 1otating polishing
pads are pressed together so that a multiplicity of dies contacts a multiplicity of rotating polishing
pads;
a means for selectively controlling rotational speed of the 10tating polishing pads,
a means for giouping the rotating polishing pads into polishing zones; and
a means for providing motion to the substrate that 1s held on the substrate chuck agamst the

multiplicity of rotating polishing pads, wheiein the individual silicon polishing pad 1s giooved.

16 A method of planatizing a surface of a semiconductor substrate comprising

providing a semiconductor substiate,

providing a distiibuted polishing head with a plurahity of flat rotating polishing pads mounted on
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semiconductor wafer being polished; and
pressing the plurality of rotating polishing heads together with the surface of said semiconductor
substrate that is being planarized in such a manner that the suiface of said semiconductor
substrate is in contact with said rotating polishing pads, thereby providing individual polishing
) pads for individual dies within said surface of said substrate or for other areas within the surface
()‘ of said semiconductor substrate.



