1 .DOUBLE POLI SHI NG HEAD- BACKGROUND OF THE I NVENTION (1) Field of the “oo%41%-e

I nvention The present invention relates to the field of Chem cal Nbchaﬁlcal
Pdlishing (CWP) of sem conductor surfaces. The present invention '
specifically relates to nmethods and apparatus for chem cal nechani cal
polishing of substrates, such as sem conductor substrates, on a rotating

pol i shing pad in the presence ofPOUB&E BELTSHENR /A Dhysical |y abrasive
slurry. (2) Description of the Prior Art. The method of Chem cal Mechani cal
Polishing (CW) is a widely accepted nethod for polishing surfaces, such as
.sem conduct or substrates, to a high degree of planarity and uniformty. The
CVP process can be applied t BAIKERAUNPeOE cFHE MEYIdONwaf er s before
sem conductor circuitry i's created within the wafers while the sanme process
can al so be used to renove surface irregularities or features of high
el evation that have been created during the fabrication of the .
m croel ect r(@di c Fdieddup€r phenlnventsieon conduct or wafer. Typically a large
polishing pad is used during chem cal mechanical polishing, this polishing
pad is | ocated aheapresahtninyémtion relatssrfacehé hfieltbeds chembeal
Mechanical Polishing (CMP) of semiconductor surfaces. The
present invention specifically relates to methods and apparatus
for chemical mechanical polishing of substrates, such as
semiconductor substrates, on a rotating polishing péd.in the

presence of chemically and/or physically abrasive slurry.

(2) Description of the Prior Art.

The method of Chemical Mechanical Polishing (CMP) is a widely
accepted method for polishing sﬁrfaces, such as semicénductor
substrates, to a high degreefof planarity and ﬁniformity, The
CMP process can be applied to planafize sémiconductor wafers
befofe ;emiconductor circuitry is createa within.the wafers
-while the same procéss can also be used to remove surfaée
_irregularities or features of high elevation that have been
created during the fabrication of the‘micfoelectronic circuitry
on the semiconductor wafer. Typically a large polishing pad is
used during chemical mechanical pélishing, this polishing pad is

located on a rotating platen. The surface that needs to be
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2 poli-shed is positioned against the polishing pad. Both the polishing pad
and the surface that needs to be polished are rotated, typically the two
surfaces rotate in opposite directions. Chem cal slurry, which may include
abrasive materials, is maintained on the polishing pad to nodify the
pol i shing characteristics of the polishi pad in order to enhance the
pol i shi ng oPligbedubstpasitianed Readnatehbe drrdidpnoRel - t Bethat® is hel d
in a circular carrier, which rotates. The polishing pads are nounted on a
pol i shi ng poatiehingi padherd &ty surdfaceatbatinresds e b6t Rrddshgdearet ati ng
waf er is brought into physical contact with the rotating polishing pad;
this acti owotetet,t typscahky Gienitesl snofhaes cedtats ilghiopgogibeess. Slurry

i s dispensed onto the polishing pad typically using a peristaltic punp. The
excess sl udiyetypbnal | hepixsal ¢lardyai whiovhimdy neerisidehabrakéveonvent i onal
CWVP process has an open loop slurry flow and therefore uses and di spenses
W th an exemaserielapoistmatntdinredy onhaheaddsishipg foacihniol motld£iyhehe
processing cost. There also is no nethod for exactly controlling slurry
flow. Sinceoiiehiagechatadefidtitzedf vhecpohbshing Ipaid dwr bader 86d t he
pol i shing pad, which in the conventional approach is mounted on a flat

polishing teabbfaceathebpdli sWimf 0¥y thehstupsexatds a

In the conveptional approach, the wafer is held in a circular
carrier, which.rotates. The peolishing éads are mounted on a
polishing plateﬁ which has a flat surface ana ﬁhich rotates. The
rotating wafer.is broughf into physiéal contact with the
rotating polishing pad; this action constitutes the Chemical
Meéhanical Polishing process. Slurry is dispensed onto the
po;ishing pad typically uéing a peristaltic pump. The excess
slurry typically goeé to a drain, which ﬁeans thét the
conventional CMP process has an open loop slurry flow and
therefore uses and dispenses with an excessivg amount of slurry
that adds significantly to the processing cosﬁ. There also is no

method for exactly controlling slurry flow.

Since the wafer to be polished, which has a flat surface, and
the polishing pad, which in the conventional approach is mounted

on a flat polishing table, are both rotating, there exist§ a



3%elocity differential across the surface of the wafer during the
pal i shing operation. This velocity differential has a negative inpact on
waf er polishing uniformty and planarity across the die and across the
wafer. This limts the application of thesconventional CWP approach
especially_in Shal | ow.Irench - | i [ , er o efhG.. . whi

are invol vé(&?‘f)ﬁlg&balfq%%rﬁ gtrla%p%rcg%g%egﬁﬁo?%%f;&cfn@%gmhggggg % rjéﬁ%rr#lggl
mechani cal pol.ishing to planarize sem conductor_ substrates has not _met with
ni ver sal BBLSRARBSoPTEAtIn TPy TRLPELFRATASRARRE 1ol Fagas: BEPRRETE hi oh
el evation features created during the fabrjcation of m ¢roelectronic
circuitry GRPRRE SBLYR %ﬁe?°%3ﬁ?1gﬂiHﬁﬁ§°ﬁpiﬁﬁeﬁﬂqMﬂ axraLy| pRFPEd tRe used
of chemni cal_ _nechanical polishing in_the sem conductor .industry is the
limited abﬂPFt?nPoaﬁF%ﬂ$d§¥ n-edBigohiPLES Hhfc aPRIdCRRAOBNPEOFRPLY at
whi ch the process wl] renove material fromthe substrate. As a result, CW
i s | abor i FOBNENE&OPRLCEMR IRRZAFSE eRrechptinesy Shed1emi £&LAFRY of the
substrate nust be constantly nonitored to prevent over-polishing or
inconsisteﬁppéépﬁ§ﬁpﬁ§rcﬁ°RRﬁ¥:ﬂﬂ&§§ﬁ&ﬂérsﬁF¢acéﬂﬁsﬂb@FﬁiéaWP}YegpénySQQ-the
CMP process to Intra-Level D electric (ILD) and Inter Metal Dielectric .
(I MD) that apstgsenieoen t4rRehdeBacM@ArAg of semni conductor wafers, surface

- The use of chemical mechanical polishing. to planarize
semiconductor substrates has not met with universal acceptance,
oarticularly whcre the process is used to remove high elevation
features created during the fabricationlof microelectronic
circuitry on the substrate. One primary problem which has
limited the used of chemical mechanical polishing in the
semiconductor industry is the limited ability to predict, much
less control, the rate and uniformity at which the procecs will
remove material from the substrate. As a result, CMP is labor
_intehsife process because the fhickness énd uniformity of the
substrate must be constantly mohitoréd to prevent over-polishing

or inconsistent polishing of the substrate surface.

Specifically, applying the CMP process to Intra-Level
Dielectric (ILD) and Inter Metal Dielectric (IMD) that are used

for the manufacturing of semiconductor wafers, surface



4 qinmperfections (mcro-scratch) typically present a problem |Inperfections
caused by mcro-scratches in the ILD and | MD can range from 100 to 1000 EA
for 200 nm wafers, where an inperfection typically has a depth from500 to
900 Alerr] and a width of from 1000 to-BOgO Alerr]. As part of the
polishing process of the |ID and | a,tdngsten film.is deposited; the
surface i nﬁgﬁpfeg Fgﬁgnﬁﬁ' (P e fslcﬁagg}\)vi Fﬁpf’gﬂ%& HEHFIhG PRCEL88posi ti on.
For devices mﬁtEin t he sem copdquctqr wafer with a di nension of  0.35 um or
| arger, an EPERERGTHPBECRUS e diGer ECTAECheMgER s HAD RRE &MPeFRA the
i mperfections within the wafer surface can be renoved. For the |arger size
devi ces wi tRPFe FETehPlotautiY Efalfor £R8r Bm; sWaERESf W@ L%0 8Regat | ve . |
i mpact on the yield of these devices. For device sizes withig the ]

sem conductiPeRErEtign bYRLCakhbhaseds dephb £roM R EPredurandfa atistthng

the -tungsten layer is no |onger effective. This results in relative |arge

i nper f ect i @fs fxXEPNLR0PhEC s3IV de - oRst Prrwedrthe pmojdshiing propess oD the
size of the sem conductor devices. These inperfections will cause shorts
bet ween t h&lverard [MResawrungstarhdidayiisedeppsitedhethapardfecei ons al so
have a severe negative inpact on device yield and device reliability. The
profile of imMpergertinhagvipbl e £iidled Wipbr tungsten elimindettddsi ni ng good
overal |l polishing results. The polishing pad : -
deposition. For devices within the semiconductor wafer with a
dimension of 0.35 um. or larger, an etching process is used
where the tungsten that has entered the imperfections within the
' wafer surxface can be removed. For the larger size devices within
the semiconductor wafer there is therefore no negative impact on
the yield of these deﬁices- For device sizes within the
semiconductor wafer of 0.25 um or less, the indicated procedure
of etching the tungsten layer is no. longer effective. This
results in relative large imperfections.within tﬁe surface of
the wafer, large with respect to the size of the semiconductor
devices. These'impérfections will'cause shorts between the metal

lines within the devices while the imperfections also have a

severe negative impact on device yield and device reliability.

The profile df the polishing pad plays an important role in
determining good overall polishing results. The polishing pad

can, for instance, be profiled thick at the inner diameter of



can, fer |nstance be profiled thieck at the inner dianeter of 5 the
pollshlng pad as conpared to the outer dianeter of the polishing pad and
visa versa. The profile of the polishing pad is typically achieved by tri al
and error and by adjusting the p03|t|on of a dianond dresser (see follow ng

ar agr aph This_nethod of profiling the polishing p i s destructive, tine
(F:)onsgm Ir[:g) gt (Pé’&%ég‘lf‘ﬁep?%g‘%s foine FPEFI*I?IQ ‘b%{'%r ‘%laﬁ'@é'r efhPE FBSsure of

the polishing pad profile can only be performed at the end of the useful
life of th®PdShIRENGPadRd t HSANVETE2pr Ehrel prefhleomy the peddehdngapedr the
pol i shing pad has served its useful |ife. The polishing process is carried
out until tife typiradévopchirvethiey tirdadr enddersen andyhyy agiassingt she.
During the polishing process, both the wafer surface and the polishing pad
becone abr &fsdtiant of ﬂuﬁ%#mﬂnﬂ\Mﬂﬁﬁﬁ?rhdﬁéebé@hl?ﬁinQHnaiaQFh@hpelthﬁng pad
becomes ‘'worn to the point where the efficiency:of the polishing process is
di m ni shed metdhodhefr rrefbling hmipodishingr padl i3 clnsttruckdver &dmeace is
significantly decreased. It is usually at this point that the polishing pad
i s treatedcondumdpgorpd causess the tliogls gﬁathesmlmlrm agh Baneeothiai f or m
pol i shing can once agai n be obtai ned.

measure of the polishing pad profile can only be performed at

the end of the useful life of the polishing pad, the wrong

profile can only be detected after the polishing pad has served

its useful life.

The polishing process is carried out until the surface of the
wafer is ground to a highly planar state. During the polishing
process, both the wafer surface and the polishing pad become
abréded. After numerous wafers have been polished, the polishing
pad becomes worn to the point where the efficiency of the
polishing process is diminished and the rate of removal of
material from the wafér surface is significantly:decreased. It
_is usually at this boint that-the polishing pad is éréated and
restored to its initial state so that a high rate of uniform .

polishing can once again be obtained.

Fig. 1 shows a Prior Art CMP apparatus; A polishing pad 10 is

affixed to a circular polishing table 12 that rotates in a



Fi'g. 1°shows a Prior Art CWP apparatus. A polishing pad 10 is affixed to a
circular polishing table 12 that rotates in a 6 direction indicated by
arrow 14 at a rate in the order of 1 to 150 RPM A wafer carrier 16 is used
to hold wafer 18 face down against the golishing pad 10. The wafer 18 is

nel 11 b3S hY BREL NG R BEPUDLY L RoaDaKELe of e ualer ofnple,
apPl | CaU1 01y URRLEe LA LI LILGTEL N 4 Ui honer o ace
o el R AP B OB T R e
poohi i PRt BT Bl sl ol o o e me

[ f
pad 10 as ig%kgsggrﬁﬁggﬁﬁ§?ﬂﬁﬁiatﬂ%§hP8rE@ bhe jwafgmicannigri 46t k¥ bheler of 0

to 15 pounds per sqguare_inch and is agglied by nmeans of a shaft 24 that is-
attached t 8PPHhACBERERN oFT B SHHateept t8chmeRl i iy frott Ishoynbdj bot ther f ace
(that is the |ower surface) of the substrate 18 is polished by t he _
conbi nat i oRCHET aSBREMFR AL I8 siles serrber of6 alThe iwadent samedernl6halso
pol i shi ng agent or o ' . o

rotates as indicated by arrow 20, usually in the same direction

as the polishing table 12, at a rate on the order of 1 to 150

RPM. Due to the rotation of the polishing table 12, the wafer 18

" traverses a circular polishing path over the pblishing pad 10. A

force 22 is also applied in the downward vertical direction

against wafer 18 and presses the wafer 18 against the polishing

pad 10 as it is being polished. The force 22 is typically in the

order of 0 to 15 pounds per square inch and is applied by means

of a shaft 24 that is attached to the béck of wafer carrier 16.

AcCordingly, the subject surface (that is the lower surface)
of the substrate 18 is polished by the cémbinétion of a chemical
polishing action of alkali contained in the polishing agent or
slurfy 26 and a mechanical polishing action.by silica contained
in the polishing Slurry 26. Slurry 26 is.provided to the surface
of the polishing pad 10 by means of the slurry distribution head

28, slurry supply line 30 is connected to a slurry supply vat



sleurry- 26 and a nmechani.cal polishing action by silica contained in the
polishing slurry 26. Slurry 26 i's provided to the surface of the polishing
pad 10 by neans of the slurry distribution head 28, slurry supply line 30
I 5 connected to a slurry supply vat 7 (not shown) fromwhere the slurry

is provided to the polishing system The type of slurry used in. conpination
W th Che. miPRBASPGRN 1P HeHa RS FLUBeY (i Rk ReehEop EhF SROHSHARS have
a considerable influence on the effectiveness of the poILshinﬁ action,
Slurry canS¥8FeRnstBRCYRRe HelSlierdqupsd gihFampimatd ofr witkhchile peethad ver ed
under pressure, Slurry can be of one chem cal - _conponent or of a mxture of
chemi cal céhpBhésk sthe rshurayisheddrered tofda addsbdngspafeharatat he
slurry is evenly distributed over the surface of the polishing_pag. The .
angl e and Fopedderete wirirance snuthy ehfrcitiveannsss off £be BPLisRin®| i shing
pad are therefore of inportance in the design of a chenical nechanical .
pol i shing agpaeat uSlurxy t¢a feandngépace dre deliveredddyi gnanity Heedher even
and uni form polishing action across the entire surface that is being
pol i shed i Atordrrbe cdekivgred nindernppeasare ¢ \Slantyt itack kesefobnehe surf ace.
Further to be considered is the effect that ‘irregularities of any kind in
the surfacehehicat pomperenty qradfhavaipburdieof igheimical components. It is

furthermore of.importance to assure that the slurry is evenly

distributed over the surface of the polishing pad. The angle and -

- force under which.the slurry impacts the surface of the

polishing pad are therefore of importance in the design of a

chemical mechanical polishing-apparatus. Further considerations

in this design must be the even and uniform polishing aétion

across the entire surface that is beiﬂg polished in order to

assure uniform planarity and thickness of the surface.

~Further to be considered is the effect that irregularities of
any kind in the surfaée of the polishing pad hévé on tﬁé final
‘polishing perfdrmance and resulté of'the pad. Microscopié
analysis of the surface profilé of the polishing pad will reveal
unsymmetrical or.irregular surface cavities or indentationms. The
effect of this lack of symmetry of these surface indentures is
that the polishing action provided by the polishing pad is

dependent on the direction in which the polishing pad crosses



pel i shing performance and results of the pad. M croscopic analysis of the
surface profile of the polishing pad wll reveal unsymetrical or irregular
surface cavities or indentations. The effect of this lack of symretry of
t'hese surface indentures is that the polighing action provided by the

pol i shing pad is-ge endent on._the direction in which the polishin pa#i
crosses E)%et’ﬁ'ér ﬁg?a b 1t ‘%%%e?ﬂﬁ%‘b#gﬁ%s fﬁqfkﬁgﬁagfﬁ%‘:td’rﬁc? on of
noti on between the polishing pad gnd the surface that is geigg,% | i shed
reverses wWrPhigReRECYRER UM POIAGRIRGr BT (AR 11 PUFFCEo TRAE 11811
motion of both the polishing pad and the surface that is hei gg_g,ol I shed.
Fig. 2 furPReisPeAuSeYSrRs tHitd SoPAE. THRIRTN®E andk WRPZGALGERPHEL ERAAYS s
bei ng polished, polishing pad 39 has a polishing surface 47. The
i rregul ari tPethe7retating mafdionc efobothethRfRII1IHA U Padi Anghkhe FRRECHT
the polishing pad) are, for purposes of explanation, highly magnified. In
t he exanpl ehehowm, beinggerkirshed.37 (in the surface of the wafer) will
strikes edge 43 of the polishing pad indentation 49 in view of the relative
notions 51 (of the polishing pad 39) and 53 (of the substrate). It is clear
fromFig. 2 that, if the directions of the relative notions 51 and 53 are
reversed, theriigs eguivartiey 37lustratsds ithds point. Wafer 35 has a surface

45 that is being polished, polishing pad 39 has a polishing

surface 47. The irregularities 37 (in the surface of the wafer)

and 49 (in the su;face of the polishing pad) are, for purposes

- of explanation, highly magnified. In the example shown,

irregularity 37 (in the surface of the wafer) will strikes edge

43 of the polishing pad iﬁdentation 49 in view of the relative

motions 51 (of the polishing pad 39) and 53‘(bf the substrate).

It is clear from Fig. 2 that, if the directions of the relative

motions 51 and 53 are reversed, the irregularity'37 will strikes

edge 41 of the polisling pad indentation 49. Since the angle or

incline of edges 41 and 43 are not identical, it :follows that

the polishing action provided by the polishing pad 39 during the

CMP process is not universal. The invention teaches a method

that eliminates this irregularity in polishing pad impact during

the process of chemical mechanical polishing.



edge 41 of the polishing pad indentation:49. Since the angle or incline of
edges 41 and 43 are not identical, it follows that the polishing action
provi ded by the polishing pad 39 during the CVMP process is not universal.
The invention teaches a nethod that elimnates this irregularity in

pol i shing pad_i rrpact during the process of? chenical mechanical polishing.

9 The above i hpRCIPYYe iimPagEl ofi %F’é%gﬂma%ﬁ'el%ﬁjrma@éeoﬁu%ﬁ@%cﬁf sHieg pad is

further enphasized by the fact that, using conventional polishing :
appar at us, Rid sbdngepads i hurihen epphasizad byfthedatitsthate S6nGt he
center of the polishing pad. Fig. 3 shows a plan view of the polishing pad

55 (rotati wpnviengicssli pal 58)inhappagetus, waher ceTtr sifattheg substicaeet iion

65) is being polished. The ratio rl/r2 is fixed and determ ned by the

di anet ers @t eh&inetiediabrnedfnenl itdlei wenped. oFhtlse fpodadhriaki paldncmgses

the probability that the same irregularities in the surface of the

pol i shi ng pddwsf @r plast view off rihguipalitshibg) padl 55 coratating dandagkceibh

t he sane surface unevenness in the surface that is being polished (for

i nstance utlewhessupéh aherfdyy S7hi(zotantiagt ihsdipsletiod®s)t Ae baihg

relative positioning of irregularity with respect to unevenness. This

further anmplolfiishedt hthereatiousdlyH2i gl ifgktadane odétemnin®adly €he
diameters of the wafer and the polishing pad. This fixed ratio
increéses the probability that the same irregularities in the
surface_of theipolishing'pad {for instance irrégularity 59) will
come into contact with the same surface unevenness in the
surface that is being polished (for instance unevenness 61)
whereby this contact is made under the same relative positioning
of irreqularity with respect to unevenness. This further

amplifies thé.previously highlighted negative impact on

polishing effectiveness and qﬁality.

A typical CMP process involves the use of a polishing pad
made from a synthetic fabric and polishing slurry which includes
pH-balanced chemicals, such as sodium hydroxide, and silicon

dioxide particles.



ﬁolishing effectiveness and quality. A typical CW pfocess I nvol ves the use
of a polishing pad made froma synthetic fabric and polishing slurry which
i ncl udes pH bal anced chenicals, such as sodi um hydroxide, and silicon

di oxi de particles. 10 Abrasi ve interact i1 n between the vvaf er and the
polishing pad is created by the notion of the wafer ollshlng
pad. The pH of ABKRasioS LAt ﬁﬁagFﬁ??yb%RWﬁqQMFQetHéfﬁﬁeﬁggéﬁ 4§i¥

the oxidation of the chemicals that conprise an |nsulat|ng | ayer_ of the
waf er. ThePad Z&s gireatedsbyi £bR MPbiPROHFhe ¥rESTcaReIRFE th Rlishing
abrasion of surface of the wafer. The polishing pad is typlcally fabricated
from a pol pad etTrs el ffcifhgs Prbhshiny otlkngryl porsrRdActhe efhemigal
pol yur et hane or nol ded pol yuret hane) and/ or a pol yester-based naterial .
Pads can foea¢hionshce 9o Fpecpkidatien baf thenedemytals nthabpeerpriss @
pol yur et hane material having a planar surface and a Shore D hardness of
great er t hims@batimhdrayegadf. the 8280, e (sBzehpfinkhe hsinkiconlidioxisie ed
polish head assenbly that has a plurality of polish pads.

particles controls the physical abrasion of surface of the

wafer.

The polishing pad is typically fabricated from a
polyurethane (such as non-fibrous polyurethane, cellular
polyurethane or molded polyurethahe)-and/or a polyester-based
material. Pads.can for instance be specified as being made of
a microporous blown polyurethane material having a planar
surface and a Shore D hardness of greater than 35 (a hard

pad) .

US 5,230,184 (Bukhman) shows a distributed poliéh head

assembly that has a plurality of polish pads.

Us 5,575,707 (Talieh et al.) teaches a polish pad cluster for

polishing a wafer.

US 5,816,891 (Woo) shows a CMP machine with multiple polish

pad and carriers.



US 5,575,707 (Talieh et al.) teaches a polish pad cluster for polishing a
wafer. US 5,816,891 (Wo) shows a CWP nachine with nultiple polish pad and
carriers. 11 SUWARY OF THE INVENTION It is the primary objective of the
present invention to provide a polishing dgyice that assures uniformty and
planarity of surface of the substrate that 1| ished. It is another

obj ective of the invention to preNMMRY, OFh gﬁﬁcgN VENZEMi cal pol i shi ng
apparatus that has uniform polishing rates across the surface of the die
and the wafer. It is another objective of the present invention to inprove
. sem conduct or wafer throughput during wafer polishing using the CWP
process. |t It disotther pobjnacy i ok exftitviee ofir tbenpreserhtinventdoanibl e
reduction of sem conductor device dinmensions. Yet another- obj.ective of the
present .i npeovide aspélisialy eevédacthan adswms coridectdtydand celatiamitsy ons
to the quarter- mcro range. In accordance with the objectives of the

i nventi on, ofi senfae¢ hotl tﬂfe rsmbfsmratagthdmema:aiolrm*mhl cal polishing is

achi eved.

It is another objective of the invention to provide a
chemical mechanical polishing apparatus that has uniform

polishing rates across the surface of the die and the wafer.

It is another objective of the present invention to improve
semiconductor wafer throughput during wafer polishing using the

CMP process.

It is another objective of the present invention to enable

reduction of semiconductor device dimensions.

'Yet another objective of the present invention is to enable
reductlon of semlconductor dev1ce dlmen51ons to the quarter-

micro range.

In accordance with the objectives of the invention, a new

method of performing chemical mechanical polishing is achievéd.



12 The 'invention teaches the use of a double or multiple polishing head
t hereby negating the negative effects that irregularities in the surface of
t he polishing pad have on the polishing results obtained. The doubl e or
rmul ti pl e polishing heads of the new polishing apparatus assure that the

effects of microscopic irregularities in te surface_of the polishing pad
are cancel | ed ofige dﬁ’?Y"rfbt’t% YSarhsRi he prtr s & ﬁé’r“gﬂﬁ QES’HFbePJLfet ter
planarization of the surface that is being polished. BRI EF DESCRI PTI ON CF
THE DRAW Neslishing herfhtherebyonegatinghshe fiegafdvespifgchpphatus. Fig. 2
shows a cross section of surface irregularities. Fig. 3 shows a plan view
Prior Art poregnlagibies in fthe susfacatef e PAdishdng Ragl Bavei e ©iet he
doubl e polishing head of the invention. Fig. 5 shows a cross section view
of the doubbdipbinghregplisaddbtefinele Theedeulle or mpdtiple polishing

heads of the new polishing apparatus aSsure that the effects of
microscopic irregularities in the surface of the polishing pad
are cancelled out during the polishing process thereby assuring
better planarization of the surface that is being polished.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a Prior Art substrate polishing apparatus.’

Fig. 2 shows a cross section of surface ‘irregqularities.

Fig. 3 shows a plan view Prior Art polishing pad with a

substrate.

Fig. 4 shows a plan view of the double polishing head of

the invention.

Fig. 5 shows a.cross:section view of the double polishing

heads of the inveéntion.



#ig. 6 shows a cross section view of the-nulfiple pol i shi ng heads of the

I nventi on.
speci fi cal

and 72 and, wi || bﬁ gentered at _equal distance fromthe two centers 76 and
g

80 of the PBRASHPhG-HeAYWeR§18Ad 72. The position of the center 78 of the

DESCRI PTI ON OF THE PREFERRED EMBODI MENT Referring now

ly to Fig. 4 there is shown a top view of the double polishing “
head of the invention. The doubl e polishing heads contains two polishing

head d . Th f th arri is. it .
Tne g that coRhEnte ST, 2, Fxbes’ BEchElElr g bictndimi o liobe pONEth A0,

. wafer carrier 74 does however not have to be stationary with respect to

centers 76 and 80 but nmay oscillate in the direction of the Iine 82 that

connects the centers_of the two polishing heads 70 and_ 72. Wafer carrier
S4B gakEry B

rotational

di rect i orPHSCRIFTION;: @ HRRE L EMBO

reversed fromthe direction shown. Wiafer carrier 74 can rotate either
cl ock-wi se or counter clock-wi se. The rotational direction 86 of polishing
the sane as the rotational direction 84 of the wafer carrier 74,

pad 70 is
the rotati
rotational

onal Beferrinth o8 spepdfisalhy pRFID s thRESobposhe¥n 3 IR
direction 84 of the wafer carrier 74. The notion 90 of

oscil | ati omiew ofieth@ifdoubdsr pedishingrikead aff thse is¥entionpt The double

polishing heads contains two polishing heads 70 and 72..The
center 78 of the wafer carrier 74 is positioned on the line 82
that connects_the.cénters 76 and 80 of the two polishing heads
70 and 72 and will be centered at equal distance from the two
centers 76 and 80 of the polishing heads 70 and 72. The position
of the center 78 of the kafer carrier 74 does however not have
to be stationary with respect to Centérs 76 and 80 but may
oscillate in the direction of the line 82 that connects the
centers of the two polishing heads 70 and 72. Wafer carrier 74
rotational direction is indicated as 84, this direction can

however also be reversed from the direction shown. Wafer carrier

74 can rotate either clock-wise or counter clock-wise. The

rotational direction 86 of polishing pad 70 is the same as the
rotational direction 84 of the wafer carrier 74, the rotationél
direction 88 of polishing pad 72 is the opposite of the

rotational direction 84 of the wafer carrier 74. The motion 90

of oscillation of the wafer carrier assures that the center of

t he

74

NTan however al so be



14 the wafer is polished. This direction of oscillation 90 is parallel to
the line 82 that connects the centers of the two polishing heads 70 and 72.
The three rotational directions 84, 86 and 88 can be as indicated in Fig. 4
~or all of these directions can be reverseQ4if the direction 84 of the
rotation of the wafer carr|$§ eversed

SRei-n

t b t ed t hat
the rotati BR&IY (fﬁﬁpﬂiﬂ pagdEee ?ﬁﬂn £ Z°F8fgi?5%%96%$g5§tiong
that h b di t | t t d
of pol i shi AR 00 e 2l B2 Fhatr%%ﬁi’%%?ﬁaﬁ%pssa 851 % a&%%&%f -y

That this is_required becones obvious in con5|der|ng the relatjve rectlon
bet ween eaBAlbeRiRkiBRRIFd CaRBd Hé - STRS 1 TGS  TRAEEEOPALSELEPFRART D S rof
rotation are opposite, the polishing action is detern ned t he speed
d|fferenceséeﬁﬂée$ﬁt¢ﬁ9[§ﬂ|@§h#ﬁﬁlﬁégeﬁhﬁntEﬁQ%sdb@Frégi nﬁgﬁs%ther
factors. Were these directions of rotation are the same, the polishing
acti on- hasdivepei®epican hehaeygrsedei | thy qlﬁ-”(ﬂcé:&:?Pné';tﬁé theeoation
polishing pad by the speed of the substrate in order to assure that the

rel ative spéeth®ewakssh qarriggl ishiragepaedand the substrate is theé sane (as
the speed in the case where the polishing pad and the substrate rotate in
opposite directions).

It must further'be.noted that the rotational speed of
polishing pad 72, for thé rotational directions that have been
indicated in Fig. 4, is equivalent to fhe rotational speed of
polishing pad 70 plus 2 times the rotational sbeed of the
substrate 74. That this is required becomes obvious in
considering Fhe relative directionlbetween each.polishing pad
and the substrate. Where these directions of rotation are
opposite, the polishing aétion is determined by the speed

.difference:between the polishing pad ana the substrate, among
other factors. Where these directions of rotation are thg same,
the poliéhing action has to be kept at the same level by
increasing the speed of the poliéhing pad by fhe speed of the
substrate in order to assure that the felative speed between the
polishing pad and the subétrate is the same.(as-the speed in the
case where the polishing pad and the substrate rotéte in

opposite direétiohs).



15 This interrelation between the rotational speed of the wafer carrier and
t he doubl e polishing heads remains valid for the application of the double
pol i shing head where the rotation of the substrate is opposite to the ,
direction of rotation as shown in Fig. 4. That is: rotational speed for the
pol i shi ng head #gat tu ns | a.dlre I on og%%s ite to he dir.ect |on of the
waf er is equal thén SFE? r‘§ﬁ gﬁeﬂf ex?ﬁﬂq¥ﬂﬂ ske8d Phath®urns in-
t he sane dlrectlon as the wafer plus 2 times, the rotational speed of the
wafer. |t WOISE CATEFEEt3RQ thecoubde pelishing hradsoremRansavalid ofer
I rregul ari s submtted to when being polished by the double polishing
head. This tg’@bé??&ﬂ-éaﬁ-?%g‘&f drhe yompdeppehi stng fiead whereg thaareration
different locations while the substrate 74 rotates in direction 84 around.
i ts center oFgthensybsteete | bhoRROSige, tosthgadbrrrig®n R retetiouras
| ocations the action of ‘the polishing pads 70 and 72 on one and the sane
surface irmsdgunaint figt ¢ heThatbsiscaretaniosabetpred divsi ddeegolibhingur f ace
irregularity is, for purposes of clarity, again indicated under Fig. 4b, -
t he pur posdegid I‘th.t brns in 34 démectjonheppositsittesthef dilrecsiichace the
irregularity. These sides are as. shown and are highlighted as sides 01, 02,
03 and 04. vefem tikeeqeadttoethl methitdonal spiad ioh e eolibhingl heddng pad
70 with respect- to the direction of rotation 84 of the substrate 74, it
that turns in the same direction as the wafer plus 2 times the.

rotational speed of the wafer.

It is of interest to trace the polishing action that a
surface irregularity is submitted to when being polished by the
double polishing head. This substrate irregularity has been
indicated in Fig. 4a in four different locations while thé
substrate 74 rotates in directibn 84 around its centef 78, these
locations are 92, 94, 96 and §8. For all four locations -the

.éction of the polishing pads 70 and 72 on'one and the same
surface irregularity §f the substrgte 74.is being considered.
_This surface irregularity ié, fér purposes of clarity, again
indicated under Fig. 4b, the p#rpose of Fig. 4b is to identify
the four sides of the surface irregularity. These sides are as
shown and are highlighted as sides 01, 02, 03 and 04.. From the

relative direction of rotation 86 of the polishing pad 70 with

respect to the direction of rotation 84 of the substrate 74, it



16 is-clear that for position 92 (Fig. 4a) of the substrate surface
irregularity, the sides 02 and 03 are the |eading edge sides in the
pol i shing inpact on the wafer surface irregularity. Fig. 4c shows the sane
rotational aspects, this time for location 94 (Fig. 4a) of the substrate
surface iryegularit¥. Far -ease, of understéﬁdingELt shoul d be enphasi zed

that the st &% thaGulteri PYShetoR adhs(Biffe 43heCpokh i YPIHTATS S5dece o
the center 78 of the substrate, that is side 02 is_always closest to this
center 78,ipeBaRityy thecPddrs Wwieanfl (B Birsn thRel iR Ldgsigies 48 t he
sides of the irregularity increase to where they revert back to 0l. For
| ocati on Sdhehwwishing dlpaeti enjthe|wafen pyriafe LEpIWRRHe of the
substrate surface irregularity is 03 and 04." Followi ng the sane pattern of
reasoning, Fig. 4d shows that sides 01 and 04 are the | eadi ng edge sides
for position 96 (Fig. 4a) of the substrate irregularity. For Fig. 4d the
rotational diretig.ofc84hossthet same ftdtsionadi eapedts Al uis ruimeatied i s
rotational direction 88 for polishing pad 72. Fig. 4e shows that sides 02
and 01 arelédecimadiingFédgeds) des tines positidase 88rf&ce. idregguifaritey. For
substrate irregularity. For Fig. 4e the rotational direction 84 of
substrat e gdlse f understanding it should be emphasized that the surface
irregularity maintains the same position with respect to the
center 78 of the substrate, that is side 02 is always closest to
this center 78, by counting in clock-wise direction the numbers
" assigned to the sides of the irregularity incréase to where they
| revert-back to-01. For lécation 94 shown in Fig. 4c it is clear
that the leading edge of the substrate surface irregularity is

03 and 04.

Folloﬁing the same pattern of reaséning,'Fié. 4d shows that
sides 01 and 04 are the leading edge sides for poSition 96 (Figqg.
4a) of the substrate irregularity. For Fig. 4d the rotational
direction 84 of substrate 74 is indicated. Aléo indicated is

rotational direction 88 for polishing pad 72.

Fig. 4e shows that sides 02 and 0l are the leading edge
sides for position 98 (Fig. 4a) of the substrate irregularity.

For Fig. 4e the rotational direction 84 of substrate 74 is



17 inditcated. Also indicated is rotational direction 88 for polishing pad
72. The above findings can be summarized as follows, referring to Fig. 4a:.
Irregularity Location 92 94 . 96 98 Leading
edge 02, 03 03, 04 04, 01 01,502 It is of interest to note
that in rotatj.n f.or_instance from. ocafi 92 to. location 94, the sides

t hat forn1ﬁﬁ@ng§89ngA fget ¥ Qﬁﬁfinaﬁnfﬁg?éb%n%i)é%feéiionwﬁgmgﬁrbetmeen
this transitign, side Q3_is the only side that forns the | eading edge. This
can be vi s@9LisbangsPRE {2e pol i shing action on the irregularity in the .
surface of the wafer takes place by polishing every side of the
irregularity in succession while the polishing action follows the periphery
of the irregularity. It is clear that, fromsummarizing the nunber of tines
t hat the respecThgeabpuestibndings aapsbeasvmparbied 9 thplliows .t Kefesrirg in
the | eadi ng edge position while passing through the four positions 92, 94,
96 and 98 (tow¥igi-n#8:for each of the four sides 01 through 04), the
substrate irregularity is o -

Irregularity
Location 92 94 . 96 98
Leading edge 02, 03 03, 04 04, 01 01, 02

It is of interest to nqte that in ;otating, for instance
from location 92 to location 94, the sides that form the leading
edge change from 02, 03 to 03, 04. Midway between this
transition, side 03 is the only side that forms the leading
edge. This can be visualized as'if the polishing action on the
irregularity in the surface of the wafer takes place by :
polishing every side qf the irregularity in succession while the

polishing action follows the periphery of the irregularity.

It.is clea; that, from summarizing the_nﬁmber of times that
the respective sides of the substrate irregularity find
themselves in the leading edge position while passing through
the four positions 92, 94, 96 and 98 (two times for each of the

four sides 01 through 04), the substrate irregularity is



18 pol-i shed around i.ts -entire periphery by the conbi ned polishing action of
the two polishing heads. This aspect of the double polishing head apparatus
i's of key inmportance in understanding the effectiveness of the polishing
operation when using this apparatus. For tq% expl anation of the above -

phenonenon,_ fo 0j f..qbser i i) ' : e : f our
poi nts of 882 %{}3& %ﬁ&?:%(% Jbt%b?e Slrt g‘%érgglé é??éa I%X}nggl%n% f‘?ﬁﬁghpg%ﬁ%smb
observation. Such further detai.l . woul | t ! .0g i gpifi y to
thelgonpleQFF§r8f?%h h%fﬁ“éﬁﬁ@ﬁ?ﬁfgﬁgﬁegg vP??ggﬁngﬁ i?ﬁoﬁgé_?%®?%%tfand
woul d serve onty.to further ampli oncjJ usi gns reached .wi e four -
sel ecttt_:ad pBﬁif‘gxlﬁgg{’e%‘zsm e ety éfszgeg?roﬂn%‘?fr tﬁr?é;edé"l&bf‘lﬁfiﬁﬁﬁga%‘?ﬂ%gi ng
apparatus. Polishing, pa i S .npoun op top of the i shin e .
(Pl e tabl ethe PRSFEAVERETRAL tHe BRLLaBHnY PRIRR P SR IBLHR oE RS on 104,
Pol i shing pad 72 is nounted on top of the polishing table 92; this table is
rotated by2RB&R&8tBF-axis 100 in the direction of rotation 106. Substrate 74
i's mounted on the substrate carrier 96 and faces down toward the double
polishing pads 70 and 72. The substrate carrier 96 is rotated by axis 102

in the direction 106, which is the same direction of rotation as the :
rotati on of sub&erathe 7expianatipnddt thpuabeye Phenomenon, four points of

observation or positions were selected. The.four points of
observation can be further detailed into multiple points of
observation. Such further detail would, although addihg
significantly ﬁo the complegity of the explanation, not provide
any additional insight and would serve only to further amplify

the conclusions reached with the four selected points.

Fig. 5 shows a cross section of the double head polishing
| apparatus,.quishing pad 70 is mounted on top of the polishing
table 90; this table is rotated by means of axis 98 in the
directidn of rotation-104. Polishing pad 72 is mﬁunted on top of
the polishing table 92; this table is rotated by meéns 6f axis
-100 in the direction of rotation 106. Substrate 74 is mounted on
the substrate carrier 96 and faces down toward the double
pﬁlishing pads 70 and 72. The substrate carrier 96 is rotated by

axis 102 in the direction 106, which is the same direction of

rotation as the rotation of substrate 70. Slurry distribution



19 heads (not shown) are nounted above the surface of the polishing pads 70
and 72. The various nethod that can be applied in distributing slurry
across the surface of the polishing pads have been highlighted previously
and are not. part of the invention. Fig. 6 shows how the concept of the

i nvention can _be extended to create a poli'$hi app ratus'thﬁt contains a
mul tipl i ci B9ABF HBPF SPRGHRIhHes MOHAESS O9ER cHib SHFERCE RBI FhpI PSP
wafer carriers. The sanme principles and advantages as described, above for a
pol i shi ng BpP&r AP udnehat- iRt Fekd oRRompbred HiRF f@RdbeaPBEBLA8dI iR to a
mul tiple polishing head arrangement. A practical limtation as to the
nunber of PdFEESRPRELIRG AUt TYaRCERAShEhsBUFfac R APgaPeAtsRing Pads | ne
whi | e consi der abl e advant ages of inproved planarizati on and wafer
{hr oughput PeXA Bechchi Shekhrd BFRELEUALY {47 G50 MohPAG 8Bt BB par at us,
The polishing heads in Fig. 6a are indicated in planar or top view by the
nunbers 90ingengadno4, the wafers that- are being polished are nunbered 96
and 98. Fig. 6b shows a cross section of the sane apparatus as the
apparatus shown in top viewin fig. 6a. It appears at this time that the
nunber of polishing pads can readily be extended-to N where N-is a whole
I nt eger, Fig. 6 shows how the concept of the invention can be
extended to create a polishing apparatus that contains a
multiplicity of polishing heads that are matched with a
multiplicity of wafer carriers. The same principles and
- advantages as described above for a polishing apparatus that
contains two pélishing héads also apply to a -multiple polishing
head arrangement. A practical limitation as to the number of
pelishing heads that can be used is not apparent at this time:
while considerable advantages of improved planarization and
wafer throughput can be achieved by using a multiple polishing
head apparatus. The polishing heads in Fig. 6a are indicated in
planér ot'top view by the numbers 90, 92 and 94, .the wafers that
.are being'polished are numbered 96 and 98. Fig. 6b shows a cross
section of the same apparatus és the apparatus shown in top view
in fig. 6a. It appears at this time that the number of polishing
pads can readily be extended to N where N is a whole integer,

the number of wafers that can be polished using such- an

apparatus is N-1.



the number of wafers that can be polished using such an apparatus is N-1.

20, Al t hough the invention has been described and illustrated with reference
to specific illustrative enbodi nents thereof, it is not intended that the
invention be limted to those illustrative enbodi ments. Those skilled in

the art will re ni ze. that variations and Addificatiops can.he made

Wi thaut depart | Al ERCGR RBe HRTTCAM s ProBnirariined od Rloelrate
intended to jnclude within the inventiaqn all such varjations and -

modi 11 cat | HETMRSIRTERCE GP( FPSCTHRE SodE toPLine SHRRATRRILS Shezeafy it
equi val ent s -t hereaqf. 21 What is clainmed is: 1, An apparatus for chem cal
nechanical-kﬁﬂqqgﬂ%ﬁieagegeﬁpéﬁhﬁﬂ%t%ﬂVQHﬂWQPs?ecﬁhTﬁ?%ﬂr%% thas€at form f or
mount i ng semi conductor. wafers said platformthereby formng a_wafer carrier

tabl e; a nebHFERYiFeaePRgdiBeRtH KasenskdlladuiR i the sk ddidduct or

recognize that vgriations and modificétions caﬁ be made without
departing from the spirit of the invention. It is therefore

intended to include within the invention all such variations and
modifications _which fall within the scaope .of the appended claims

and equivalents thereof.



wafers; a first and second platform for nDunfing senmi conduct-or..wafer
pol i shing pads said platforns thereby formng first and se

waf er T
polishing tables; a means for rotating said platforns for muﬂu H "uw
sem conduct or wafer polishing pads; and a neans for evenly 4
slurry across the surface of said polishi Ry pads. 2. The apparatus of ¢&lalm
1 wherein 4o &S &A2dBeH &%  tabl e when in operational status is nounted in
a position that is fixed with respect to said wafer_polishing table wherein
sai d nmount ilng A8f 2PRETR&REr fehrehamiqadbmechanigeh Poktshing @fnter of the
axis that drives the rotational notion of said wafer carrier table is
| ocat ed i n aemdcgagietercwaterer eimmpriding:the plane of the two centers of
the axis that drive said platforns for nounting sem conductor wafer .
pol i shing pagdatform2fer Mbentipnrsmisontiuctar nwadfewersiid sdiadt fplrat f orm f o
nmounting sem conductor wafers is nounted in a position that is novable in
an osci | | attihegebyt fonmihgha respectcamriseai dablest and second platforms for
nount i ng sem conduct or wafer polishing pads said novenent to be such that
t he cent er aofmetns inrsrbhatimbisaid1§Matform.for mounting semiconductor

wafers;

a first and second platform for mounting semiconductor wafer

polishing pads said platforms thereby forming first and second

wafer polishing tables}

- a means for rotating said platforms for mounting said
semiconductor wafer polishing pads; and

a means for evenly distributing slurry across the surface of .

said polishing pads.

2. The appératus of claim 1 wherein said wafer carrier table
when in operational status is mounted in a position that is
fixed with respect to Said wafer polishing table .wherein said
mounting of the wafer carrier téble'is such that the center of
the axis that drives the rotational motion of said wafér carrier
table is located in the geometric center of aﬁd in the plane of
the two centers of the axis that drive said platforms for

mounting semiconductor wafer polishing pads.



roetati-onal notion of said wafer carrier table renmains i n.and wthin
the plane of the two centers of the axis that drive sai MEUW Hw" HH'E
waf er polishing platfornms. 4. The apparatus of claim1l ey Hof
t'he shafts that serve to mount said wafer carrier and said polishing

platforms are parallel and fall wthin one2pl ane. 5. The apparatus .of claim
D herein o A6 SRPSEHEHS @ sdaiMal 1 EhRESHD AL ALAREOER M b RRAGH S o
pol i shing pads, are two identical wafer polishing taples whereby each |
pol i shing tSAMIECINIUGTOKt HATLES o1 § | IR ESSS LR anp&;mw Sk 351 K\Qﬂﬁhbe in
apparatus. 6. The apparatus of claim 1l whereby the wafer polishing pads
within sai EMWRH ALDE REtian| vt respseht &8 FRLAnfimitarr®9SeCPPr8n said
position mating with and facing said sen conductor surfaces. 23 7. The.
appar at us dlatifgmms) fgFePennting pnicoandwetor rafari M sthing ®adsr saidaf er
polishing table is the sane as said direction of rotation of said wafer
carri er tabtevenentTHe gpapehuthalt tWieicentegheifebhet awisglitthadt dsdves the
rotation of -said second wafer polishing table is a direction that is
opposi t e t orota i aialemotdéonobf roaixd ivafesf ceairdewafaple arenadms in between
and within the plane of the two centers of the axis that drive

said first and second wafer polishing platforms.

4. The apparatus of'claim 1 wherein the axis of the shafts that
serve to mount said wafer carrier and said polishing platforms

are parallel and fall within one plane.

5. The apparatus of claim 1 wherein_séid first and second
platforms for mountiﬁg semiconductor wafer polishing pads are
two identical wafer polishing tables whereby eaéh polishing
table is mounted in a fixed position within said polishing

apparatus.

6. The apparatus of claim 1 whereby the wafer polishing pads
within said wafer polishing tables are mounted in an upward'
position said position mating with and facing said semiconductor

surfaces.



9 The* apparatus of claim 1l whereby the second of said t I n
tables rotates at a rotational speed that is essentiall y g Mm,h El”li'
rotational speed of said wafer carrier table and the rota "
said first wafer polishing table. 10. The ggpparatus of cIa|n11 wherein the

reans fOr © 9t Al oaabdebbrof Gt cwﬁgr@%% £ SN P AL

nmounting sai d sem uct or il § conprises rotary acguators

t th di th
means o exEFi HHb S{ael%ésuﬁ’@i%%h%ﬂ% SR B eenrrnra e Byt Ut her
.enh t hi d | d .24 12. A
et nod for @hﬁ%?%las R d DB SR A RGBT e bt ors, sai d

nmet hod to conprise: providing a sen1conductor waf er; providing a pIatform
for nounti ng sai d sem conductor wafer said pI atform forni ng a wafer carrier

tabl e; providi a_neans for g formfor, nounting said -
sem conduct hr T&}%‘f éP?aﬁng} %gcolaaajﬂ Dstw ﬁ&bge&ﬁ & AT R F A Mo FORBEAPRNg
sem conduct or \ . . .

of said second wafer polishing table is a direction that is

opposite to said direction of rotation of said wafer carrier.

9. The apparatus of claim 1 whereby the second of said f&o
wafer polishing tabies rotates at a rotational speed that is
essentially the sum of the rotational speed of said wafer
carrier table and the rotational speed af said first wafer

polishing table.

10. The apparatus of claim 1 wherein the means for rotating said
first and second wafer pqlishing platforms for mounting said
semiconductor wafer polishing pads comprises rotary actuators or

motors.

11. The apparatus of claim 1 whereby furthermore“providing the
means to exert downward pressure on the substrate carrier
thereby further enhancing the polishing action provided by said

polishing pads.



waf er pol i shing pads said platforns fornmng first and second wafer -
pol i shing tables; providing a neans for rotating said fiﬂlﬂl!( [@“ﬂlﬂﬂ"ﬂl“l
platforns for nounting sem conductor wafer polishing pads] [ A
neans for evenly distributing slurry acrogs the surface of said polishing
pads. 13. lEe H%QPHo&’ffcﬁ e %a‘i’f‘ﬁééhgnf%P 1‘1‘é‘h§1&1§90§ B!eﬁ}.&?rch}étogr
nmount i ng sai'd sem conductor warer is providihg a wafer carrier table

wher eby said_wafer_carrier Qfgle when.in operational status is nmounted in a
posi tion tHﬁFng'f?§iélW§%q? SpEOPELS8hi d first and second wafer
polishing tables. 14. The nethod of claim 12 wherein said nounting of said-:
waf er carrPﬁPvfab?% P SYRIPIIGFhE2E8ht er of the axis that drives the
rotational notiqQn of s 'qﬁyafer carrier,table s lqcated in §5 t he, .
georet ri c BEAVLFLDY %rﬁamiﬁ e THEaFQUBFLRR S M SETHOOPSUGEOF A ESE Sqdht
drive said first ang second wafer polishing tables. 15. The nethod of claim
12 wher ei nPAFEONRT EPTHNG B Vafel SAFELGHUFARE n a position that is
movable in an oscillating notion with respect to said first and second -
waf er pol i PEPHEALRS| 23Ny fagv epsating sRid Riptiesm £os PeHREingfsaid axis

that drives :
semiconductor wafer;

providing a first and second platform for'mounting semiconductor
wafer polishing pads said plétforms forming first and second
wafer polishing tables;

providing a means for rotating said first and second platformg
for mounting sémicondqctor wafer polishing pads;

providing a mean$ for evenly distfibuting slurry across the

surface of said polishing pads.

13. The méthod of claim 12 whérein said'providiﬂg a ﬁlatform'for
mounting said semiconductor wafer is providing a wafer carrier
table whereby said wafer carrier table Qhen in operational
status is mounted in a position that is fixed.with respect to

said first and §ecdnd wafer polishing tables.

14. The method of claim 12 wherein said mounting of said wafer
carrier table is such that the center of the axis that drives

the rotational motion of said wafer carrier table is located in



the rotational noti lﬂ ' ate.carrier remains in between and
within the plane of ﬂm mm"u?WﬂﬂHIOf the axis that drive said first and-
second wafer polishifig talied. 26.*The nethod of claim 12 wherein the axis -
of the shafts that serve to nount said wafer carrier and said first and

second waf er .polishing platforns are paraf?el. and fal it hin | ape.
17. The ne?hSng?m8+:5T9% TP ﬁmgagﬂ g?%\ﬁ loa}rﬂeg of ft %hre &%gnaeggc%%agp

pl atform for mounting sem conductor  wafer polishi ds_is.providing two
i dentical PBFi §ﬁ?ﬁgt83‘b| Vheads faLeh % i%"rﬁ‘ﬂb‘P tg'z?%Iaéé P?iﬁ%{)ﬁ?%d in a
fixed position within said polishing apparatus whereby the polishing pads
within sai #PLe8t and second pol i shing tables are nmounted in an upward
position said position mating with and facing said sem conductor surface..
26 18. The nethod of claim 12 wherein the direction of rotation of said

first polishin% table is the sane as said direction of rotation of said:
waf er carrilér. The meRBodephladm dlarhrIoinnt ¥hywaiss Far&derohaBlerdtati on

of said second polishing table is a'direction that is opposite to said
‘directi on gbungedt innacpostiiPmwdhet darmpeableoin mRe aasiidadtangcrabrhen2
whereby the second of said two ' '
with respect to said first and second wafer polishing tables
said movement to be such that the center of the axis that drives
the rotational motion of said substrate carrier remains in

‘between and within the plane of the two centers of the axis that

drive said first and second wafer polishing tables.

16. The method of claim 12 wherein the axis of the shafts that'
serve to mount said wafer carrier and said first and second

wafer polishing platforms are parallel and fall within one

plane.

i7. Thé method of claim 12 wherein said.providigg a first and
,second'élatform for mounting seﬁicoﬁductor wafer polishing pads
is providing two identical poiishing tables whereby each
polishing table is mounted in a fixed‘position within said
‘polishing apparatus whereby the polishing pads within said first

and second polishing tables are mounted in an upward position

said position mating with and facing said semiconductor surface.



polishing tables rotates at a rotational speed that is essentially the sum
of twice the rotational speed of said wafer carrier anH ul“[ﬂmm r‘ m
speed of said first polishing table. 21. The net hod of i r

providing the nmeans for rotating said firsfg and second platformfor

nounting saj m conduct or, fer | i.shin ds ,conpri ses rotary .actuators
or notors. ajlz%‘. sfl’hee “}ﬁrs}ctqlr? d °&f \é@?h‘f‘nﬁﬂﬁfé)@‘o& uFlf‘ﬁgg b d‘iﬂ%cﬁ)ér’ré’nt r?%
nmeans to exert downward _pressure on said substrate carrier table thereby
further ennS#AS gt il BRRFERRAGERRIS oFF (F6I°ARE B9 Sai® TSS9 SPads.

27 23. An qggaralus tgr chem cal mechanical polishing of a multiplicity of
sem conduct oY A Ut LT SGSr FeFRH: SETATi plicity of platforms for mounting
sem conductor wafers; a nmeans for rotating said multiplicity of platforns

for nounting sem conductor wafers; a nmultiplicity of platfornms for nounting
sem conduct or wafer polishing pads; a neans for rotating said nultiplicity
of pl at f or k2 f SFherdRRTthasy o§aFda i 2 orhRRakyr ther dirpeticmiok Tatesiometa
means for evenly distributing slurry across the surface of

said second polishing table is a direction that is opposite to

said direction of rotation of said wafer carrier.

20. The method of claim 12 whereby the second of said two
polishing tables rotates at a rotational speed that is
essentially the sum of twice the rotational speed of said wafer

carrier and the rotational speed of said first polishing table.

21. The method of claim 12 wherein providing the means for
rotating said first and second platform for mounting said
semiconductor wafer polishing pads comprises rofary actuators or

motors.

22. The method of claim 12 whereby furthermore providing the
means to exert downward pressure on said substrate carrier table
thereby further enhancihg'the polishing action provided by said

polishing pads;



éaid mul tiplicity of polishing'pads. 24.. The apparatus qf ' reln
said multiplicity of platforns for'nounting sem conduct ar" msl s" BJm
multiplicity of wafer carrier tables whereby said nultipltcietytorin * :
carrier tables when in operational status Eaannunted in a position that is
fixed with respect to said | tiplicity of fer. pol.i,shi,ng pads. 25. The
appar at us @p'cﬁﬁiﬁp§§rﬁﬁﬁ§e£%% PG dnrrRRERICTLIRP S O By of wafer
carrier platforms is such that the centers of the nmultiplicity of axis that
drive the ™MHEEPIASEENOPF oFeFCANIUFLOR WREPFE: t SOMRTARIOG: carrier platforns
is located in the = 28 plane of the centers of the multiplicity of axis
that drive 3 &g HBRLEFEEY cpf P fRAMSs HioxgmprRting cemiige Pt Watersel aim
23 wherein said nultiplicity of platforms for mounting sem conductor wafers
i s nount ed & meangoderi sataking | s ithwaritdplichihy ook iRlakforgsndoroRownt ing
respect to said multiplicity of polishing tables said novenent to be such
that the ceaemicoptlucherawafexsvat drives the rotational notion of said
multiplicity of substrate carriers renmains in the plane of the centers of:
the axis tlamudtipdicity ofilplatifomsy fofr pohnthngsemisiagsiuctor wafer

polishing pads; '

a meéns for rotéting said multiplicity of platforms for mounting

said semiconductor wafer polishing pads; and

a means for evenly distributing slurry across the sﬁrface.of

said multiplicity of polishing pads.

24. The apparatus of claim 23 wherein said multiplicity of
platforms for'mounting.semiconductor wafers is a multiplicity.of '
wafer carrier,tables whereby said multiplicity of wafer carrier
tables when in operational status is mounted in a positipn that
is fixed with respect to said multiplicity of wafer polishing

pads.

25. The apparatus of claim 23 wherein said mounting of said
multiplicity of wafer carrier platforms is such that the centers
of the multiplicity of axis that drive the rotational motion of

said multiplicity of wafer carrier platforms is located in the



27. The apparatus of claim 23 wherein said neans for rotati i
multiplicity of platforns for nounting sem conductor waf érsr,mﬂa lmu!"lw![!"l"l
multiplicity of rotary actuators or notors. 28. The apparat us Ofc C *
wherein the axis of the shafts that serve to nount said nmultiplicity of

waf er carriers an id multiplicity of paffshi atfort re,_parallel
and fal | wWEIAIE S%Fa gnterf gt e ful &S&éFé?gsg%fa’%:’rsa{%% AHEPoPALE i g
platforns for nounting said ltiplicity of sem conductor wafer polishing
pads cont ai‘ﬁ“]i'ii’é?ljtli‘i:’g% ﬁ%l Pgﬂ%‘lﬁﬁlg%lﬁ ‘wher eby each polishing table is
mounted in a fixed position within said polishing apparatus. 30. The
apparatus of claim23 whereby the multiplicity of polishing pads within
said multiplicity of polishing tables is nounted in an_upward: position said
posi ti on nme?$ndgthg t‘W%W&CP%g%@P&I #iwhepeia spigfmabhirbirifct @f waf ers.
31. The apparatus of claim23 wherein said nultiplicity of polishing -

pl atforns iBLatifqERsy foft SOLRE1PY osPRLiGIRINTEOTrdHAERT Hi +H BPUWHRd tife a

cl ock-wi se or counter-clock wi se rotational direction of said polishing

pl atfor ms vbRSion fHdatyfsemovebhe| 11 im @ssHalasing Bokien rukthinespecsach

group is essentially the same whereby polishing platforns that are nounted
in. to said multiplicity of polishing tables said movement to be

such that the center of the axis that driteé the rotational
motion of said multiplicity of substrate carriers remains in the.
plane of tte centers-of the axis that drive said multiplicity of
polishing tables.

27. The apparatus of claim 23 wherein said means for rotating
said multiplicity of platforms for'moﬁnting semiconductor wafers

- is a multiplicity of rotary actuators or motors.

28. The apparatus of claim 23 wherein the axis of the shafts

that serve to mount said multiplicity of wafer carriers and said
multiplicity of polishing platfbrms'are parallel and fall within

.one plane.



adjacént positions within the poLiéhing apparétus befohg'fb one or the
other but not to the sane group whereby the speed of rot ﬂlllll“l" uﬂﬂlltu‘ﬂl'g
of polishing platfornms that rotate in the opposite rotati ghayid

said multiplicity of wafer carrier tables is equal to the rot at r onal spéed

of said multiplicity of wafer carrier_tabl 8% plus the_rotational speed of
the mul tipl ?Zérti?ﬁSf XBB?’F%V?‘?%&%F&PFB% Y’*\%’Eeffbt%ﬁl@ PraERRIRS nECTi rect i on
as said multiplicity of wafer carrier tables. 30 32. The apparatus of
clai m 23 \Ahé‘Pg‘PﬁlPﬁes%‘érf‘équfdrplr‘th&M R§ semcoRduston Waferopoplshing madsr
‘mounting said sem conductor wafer polishing pads conprises a multiplicity
of rotary afepifdpsidentdedt Lolishingetabppes atheradly caghnpolishirgbtable
furthernore providing the neans to exert downward pressure on said ' -
mul tiplici t\}Sofﬂ°§abggria@ea_c%\irxﬁdemstihépebyiﬂm:n revide plodAshhggt éppaodtwshi ng
action provided by said polishing pads. 34. A nethod for chem cal
mechani cal polishing of sem conductor wafers, said nethod to conpri se:
providing a multiplicity of sem conductor wafers; providing a multiplicity
of pl at f or n80f.or Theuappaxpwenicdbredadmol3waheraehy the multiplicity of
polishing pads within said multiplicity of polishing tables is
mounted in an upward position said position mating with and

facing said multipligity_of semiconductor wafers.

31. The apparatus of claim 23 whérein said multiplicity of
polishing platforms is divided into two groups in accordance

"~ with either the plock—wise or counter—-clock wise rotational
direction of said polishing platforms whereby the mumber of
polishing platforms contained within each group is essentially
the same Qhereby polishing platforms thét are méunted_in
adjacent positions within the polishing apparatus belong to one
or the other but not to the same group whereby the speed of
rotation of the group of polishing platforms that rptate in the
6pposite rotational direction as said multiplicity of wafer.
carrier tables is equal to the rotational speed of said
multiplicity of wéfer carrier tables plus the rotatiohdl speed
of_the multiplicity of polishing platforms.that rotate in the

same direction as said multiplicity of wafer carrier tables.



provi ding a means for rotating said multiplicity of ihmwﬁrm for mounting-

sen conductor wafers; providing multiplicity of plat I‘Elw”mlj\ﬂuﬂg
id

sem conduct or waf er polishing pads; providing a nmeans's il o
multiplicity of platfornms for nounting sai g? sem conduct or waf er polishing

pads; providing a neans for eyen]y. distributing slurry across the, surface
D o 0 | 14 oS APPAEaEP; S LAighds WherghiJute Heahsn HhaatoFAELaTm 34
wherein said providing a nultiplicity of platforns for npunting '
seni conductBrihAvditdPLichty o4 pip LEoRms: £BF| BPERTHAY R SEMiLPRAUEEBY s
‘whereby said nultiplicity of wafer carriers table when in operational
status is rRfte®aldshipgsPadprcomprises pj pritipticespicrateryai d _
multiplicity of polishing tables. 36. The nethod of claim34 wherein said.
mount i ng ofacflakons OXpMPEPEY- of wafer carrier tables is such that the
centers of the axis that drives the rotational. notion of said nultiplicity
of wafer carrier tables is located in the plane of the nultiplicity of
centers of the axis that drive said nultiplicity of polishing tables. 37.
The net hod 3F. dhe mpP4rabesecdfh skaidn A8 whekebit fuofhewmiemre providing the

means to exert downward pressure on said multiplicity of

substrate carriers thereby further enhancing the polishing

éction provided by said poiishing pads.

34. A method for chemical mechanical polishing of semiconductor
wafers, said méthod to comprise:

providing a multiplicity of semiconductor wafers;

providing a multiplicity of platforms for mounting semiconductor
wafers;

providing a means for rotating said multipiicity of platform for
mounting semiconductor wafers;

proVidiﬁg multipliCiti'of platfbrms for mounting semiconductor

- wafer polishing pads; |

.providing a means for fotating said multiplicity of platforms
for mounting said semiconductor wafer polishing pads;

providing a means fof eveniy distributing slurry across the

surface of said multiplicity of polishing pads.



carriér tables IS nmou n that is movable in an oscillating
motion with respect tmml IW'rﬂllﬂﬂﬂl" lmty of poI I shing tables said novenent
to be such that the nuttiplicimy eof €enters of the axis that drive the

rotational notion of said multiplicity of suBdtrate carriers remains wthin

th I f t t
e Plane, o omﬁ@twg: Pty gin i spieth BpRoiarkitl et SBh ey,
wher ei n sal \ nmeans_f or rotatln #tgéﬂlCl 1Blatforms
for vounc e PRALEERS . Baf farn iy sse,ww pRESE D i bRyl ary

t uat 39. _Th t hod .of m 34 V\:h t f
o ?{»wéﬁgﬁw P AP LoF AT SR AD L8R, HRSERRY A fy 3 Badray
carr!ers and said nultiplicit ollshln glatforﬂs are parallel and, fal
M Lhin one 4 HASeTaGAETRETReEARAE OB S PORTRREPRAT SR P oy FoERyodatd

| tipl t f platf ti duct f l.i shi d
s, provi di 1 FRSLELGR EhEG bF FARAR P FEPPSRPNGoL SHL PR IE BT

mul tiplicity of pollshlng tables is nounted in a fixed position within said
pol i shi ng é}ﬂ}d-rs&lﬁg tableshe nethod of claim 34 whereby said nultiplicity
of

36..The méthod.of claim 34 wherein said méunting of said
multiplicity of wafer carriér tables is such that the centers of
the axis that drives the rotational métion of said multiplicity"
of wafer carrier tables is located in the plane of the. |
multiplicity of centers of the axis that drive said multiplicity

of polishing tables.

37. The method of claim 34 wherein said multiplicity of wafer
carrier tébles is mounted in a positioh that is'movable in an
oscillating motion with respect to said multipliciﬁy of
polishihg tables said.movement to be such that fhe multiplicity
. of centers of the axis tha£ drive the rotatiénal motion of said
.multiplicity of subStréte carriers remains within the_plane of
fhe multiplicity of centers of the axis that drive said

multiplicity of wafer polishing tables..



pol i shing pads within said multiplicity of polishing ' in
an upward position said position mating with and faci t@ﬂmﬂmmﬂﬂqﬁﬁ ﬁi’l ty -
of sem conduct or surfaces. 42. The nethod of claim 34 etel .
multiplicity of polishing platfornms is divigded into two groups in

accordance 3 t hyg) | AhoBeCLAEIR WL Srilrel uesgé-%&&m @ highdb! £92!

33 direction of said pol i ng platforns ere e nunper pol I shi ng

| at f s .t hi . ' ' ® whereb
poli shi ng MORT I st ma ERETL O DAREEEny o ddBeal L Tt

pol i shi ng apparatu el.ong.ta _one or t.he other t_not..to the sane group
whereby th é@%@d““z bcrocftg |f8ﬁs of° ey dg‘unﬁ 8f mﬁgﬁ% ll%lgtyploé*{] e 8?'—%3’»[ hat
rotate in the opposite ro%ational direction as said nultiplicity of wafer .
‘carrier taftfY %A "6°FRice to the rotational speed of said
multiplicity of wafer carrier tables plus the rotational speed of the
multiplicity of polishing platforns that rotate in the sane direction as
said nmultiplicity of fer carrjer_tables. 43, The, nethodq of ¢l aim, 34 :
wherein pr o it st e PLLE 4 ohaTeda: GhRuRELD| Po ARE TP ISRRLEGLRY f or
mounting said nultiplicity of sem conductaor wafer Ppljshiqg pads conpri ses
a multipli Q% haftoithay Fervat e Imtnsadpsmultiplicity of wafer

carriers and said multiplicity of polishing platforms are

parallel and fall within one plane.

40. The methdd of claim 34 wherein said providing said
multiplicity of platforms for mounting semiconductor wafer
polishing pads is providing multiplicity of identical polishing
tables whereby said multiplicity of polishing tables is mounted

in a fixed position within said polishing apparatus.

41. The method of claim 34 whereby said multiplicity of
polishihg pads within said multiplicity of polishing tables is
~mounted in an upward position said position mating with and

facing said multiplicity of semiconductor surfaces.

42. The method of claim 34 wherein said multiplicity of
polishing platforms is divided into two groups in accordance

with either the clock-wise or counter-clock wise rotational



44. The nethod of cIa|n134 urthernDre providing the neans to exert
downwar d pressure oﬂl \y of substrate carriers thereby further
enhancing the polis

ded by said polishing pads.
direction of said pollshlng.platfqrms whereby the.number of
pblishing'platforms contained within each group is essentiai;y
the same whereby polishing platforms.that are mounted iﬁ

adjacent positions within the polishing apparatus.beibng to one
or the other but not to the same grouﬁ whereby the speed of
rotation of the group of polishihg platforms that rotate in the
opposite rotational direction as said multiplicity of wafer
carrier tables is equal to twice to the rotational spegd of said
multiplicity of wafer carrier tables plus the rotational speed

of the multiplicity of'polishing platforms that rotate in the

same direction as said multiplicity of wafer carrier tables.

43. The method of claim 34 wherein providing the means for
rotating said multiplicity of platforﬁs for mounting said
multiplicity of semiconductor wafer polishing pads comprises a

multiplicity of rotary actuators or motors.

44. The method of claim 34 whereby furthermore providing the
‘means to exert downward pressuré on'the multiplicity of

substrate carriers thereby furfher enhancing the polishing

action provided by said polishing pads.



