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) Technical 1 field This invention relates generally to all "apparatus and

met hod ¢o01-08k& g4 ntegrated circuits and nfA't', part, he
invention relates to linear platens and polishing bel tj’l‘mfm (ﬁ m Cal
nl echani cal polishing (CM') ohsubstratcs alld its cap

111CC17al 71CAIINPWRIBDZISIHIN WFORUMPID VIRCSU S TR ATE WSITARMITYCCL Ul |
SCl7i1i1culd(lIca U’ walel'S. LJ.S. Pat.No. 6,231,427 131 i ssued May 15, 2001
to 1-1"halich ¢t al. shows a linear CM' 'fool. U S. Pat.No. 6,248,000 Rl
issued .lone 19, 2()(11 to M MadI17(ISIIClan CC al. discloses

ol —em nm =~ CS01- 088, Be b NP i VIV :RAAGRE rotary platen for a
(1) Technical Field
This invention relates generally to an apparatus and method for making integrated
circuits and more particularly, the invention relates 1o linear platens and polishing belts
for chemical mechanical polishing (CMP) of substrates and its capacity to improve the
substrate’s within wafer nonuniformity (WIWNU).

(2) Description of the Prior Art

The following documents relate to methods dealing with chemical mechanical

polishing of integrated circuits formed on semiconductor wafers.

U.S.Pat.No.6,231.427 B1 issucd May 15, 2001 to H Talich et al. shows a lincar

CMP Tool.

U.S.Pat.No. 6,248,006 B1 issucd fune 19,2001 to M. Madhusudan ct al. discloses

T
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ove the
substrate"s within wafer nonunilormty (W-~VNU). (2) |)CSCHtptl U 7 UhLI7C
Prior /art T hc lollow ng docunents relate to nethods dealing with chem cal
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"+ fhe fabrication ol~ integrated circuits on a sem conductor wager 117VO VCS
a [111117bC1l" of steps where patterns arc translcrrcd Com photolithog;
raphi ¢ pi otomasks onto the wafer. The phot omaski ng; processing steps opens
sel ect edSar-08% & @g4be exposed on the wafer' for subsequent processes such as
inclusion of inpurities, oxidation, of etching. During; the formng of

i nt egr at ed circuit structures, it has becone inercasing;ly inportant to
provi de®§p F‘UE‘#]UrPé@dWar@i%gPm}]'ﬂpbﬂgl\%f% 1ization layers due to the
continuing nlll1TiltlillI*17allO1 O the Cl1'dIIlt elenments in the
structure. ~,aCh Ohthc Inelal |layers 1s typically scparal cd from anot her
netal |ayer by an insulation |ayer, such as an oxide |ayer. To enhance the

quality of arrhevmmxmg@l il @lidd Eiftduh19Bn h ¥ icor demowvmlepwvomﬁanxfnbau' ties

of other blem shes, It Is inperative to provide an undcrlying~ surlacc for
t he nctal.lizat that Is ss . of, pl anari ai n~,
o now & SBRNARR afEE el BeRet foR P i fodbpt BB Bt S e
117allLIlactlll"Cl's. Plasma or reactive ion etching Ch tIIC OxIClc |aycl'®

| | avl | | gvadery éféwhotpnm@m,pmgssung gepsl dpichs sclecgdameasvabe lcgposadl opltihat ' | Lat | 01
techni ques that arc used to provide a snooth surface and a | ocal

pl anar i caiférdor subsdyuant gogesafsuth agrinclubonraémhpiutigesdetildhiddi, dr ¢€hingl ar ger
SCalc 1111C~!ri 1L10n, and nore netal and oxide layers in devices and the
cxactin;; dC pth O EOCLtS |leed('.d Inl" sl1bl11ll cCOn |ithography, a new 2
CSO | -088 & 084 pl anarizalion nethod, known as chemi cal 111CCllal71Cal

% llfllééligudd%)thnanu AV RRES AR REREA b bEERe aRTL O o

supporti.ng and hol dipg; the er a rotatjin oI| h|n ad wet
Wil pdﬂ‘%@ﬁ"l“ﬂ‘g ESNER) S“I”";)”‘a? HvHe l&ti!ue@ga?lfl ’f‘éa‘f‘?‘h‘éycgbﬂ § 5?*355{3'
Ul7like t17C. COlIVCItldlal ] _
miniaturization of the circuit elements in the structure.  Each of the metal layers is
typically separated from another metal layer by an insulation layer, such as an oxidc layer.
To enhance the quality of an overlying metallization layer. once without discontinuitics of
other blemishes, it is imperative to provide an underlying surface for the metallization

layer that is ideally planar. The process of planarizing is now a standard process

application of integrated circuit manulacturers.

Plasma or reactive ion ciching of the oxide layers having a resist-planarizing
medium, is conventional planarization techniques that are used to provide a smooth

surface and a local planarization with a range ol | um.

To meet the demand for larger scale integration, and more metal and oxide layers

in devices and the exacting depth of focus needed for submicron lithography, a new
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pl anal'1Gall 011 teChl171quCsS, CWMP provides a sllbSlallllally 1171pl1" OVCd
ovCl'all plal7al'lLalldl, 117al 1S, all Illlpl'OVCl1lel71 OF 2 10 J
O'dd's OF 111af1111udC Ovel' CA 1VCl7l11dlal 117ClhQdS. CM' enabl es
t echnol G391 -P¥YH& G84bi cron design rul es because it has excel |l ent

pl anari zation capacity to nmeet the stringent |ithography requirenents.

Therefore, it .has gnerg;ed as an.essential process for 17111l1111leVel

1Tt ol * Dharicped peiogn gy ai:ﬂwﬁ“wﬁB}qCE%n%ﬁpﬁrﬁv%@\ﬂb-,waa yeloped

under standi ng; O pO 1SI 7111~ pl7C110l117Clla IllakCS It difficult to

achi eveandbisgircsandy gfcd balmaestimaj arstaidopductdhmaiufheidzrst CON planadanion dér at i on
of pad properties and notions to achieve global planariialion of IC wafers
is cxt rﬁwtlfdr)m\&ﬂufsisabporiﬁhﬁaﬁcﬁﬁ@l@ﬁfg 1B fvekt bEdnd\b\Abliag Boleniey padl wérenoval
rate, planarity and pollshcd surface quality. Anong; tllcsC doors, the

pol i shi ngg, J%?gllngg; ,?%ﬁyacﬁ'lg al fmgﬁlliﬁmnerag)#)ﬁ'sh}@?lrcmrcq\{ljlil-'lil&r lﬂ? g&ﬁimﬂ&%l role ofthc

pol i shi ng e"transportation ry to the polishing reaction

poi nt and how the pad re ds to and supports the downward f.orce applied
by *he- Rararcbh fechiyth R8P e Soven e RE s af e ST ERL PenaHETy of ce. of
the slurry to the wafer surface and needs to elituinalc the polished

r esi due that 159an Mmprecpeitios Ritng gudirnel megrivgcoveiccanveiqrel msWiody: reacti on.
As a result of these cl7ccts, properties and behavi or ofa polishing pad
directly al ~l ccts polishing results. CSO -088 & 084 '1' hc polishing pad
behaves as being elastic and viscoclastic under applied pressure and this

phenomenon aidnge a8 cMANdyab; RIbAN&LH Wksigd RReCOTRIRAE harxeElIcdl f Ferent
belts having dil'fcrent propéerties such as, percentadc oCrebound,

per eent ag. ¢ -of. eSS il g nd ee of har.d ) il an
Dees ol P RheBRARLESR) Bt b AR RGOl DT HORE: RSO o
provi di ng; better global planarization with poor |qcal planarity, while a

hard padMShisdss gaesseptiglgwregesp o ikeychipterroppestiogod St chip fabrication.
However, poor understanding of polishing phenomena makes it difficult to achicve local
and global uniformity. The fundamental consideration of pad properties and motions to
achicve global planarization of IC walers is extremely crucial. The factors effecting
WIWNU are material removal rate, planarity and polished surface quality. Among these
factors, the polishing pad plays an important role in the CMP process. The role of the
polishing pad is the transportation of slurry to the polishing rcaction point and how the
pad responds to and supports the downward force applicd by the wafer-polishing head.
Morcover, the pad translers a shear force of the slurry to the wafer surlace and necds to
climinate the polished residue from the polishing point to aid the new polishing reaction.
As aresult of these cffeets, propertics and behavior of a polishing pad directly aflcets

polishing results.
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pl anari oation. Therefore, a need exists for a polishing apparatus and

nmet hod, permtting CMP operations to be done on a sem conductor substrate
under controlled process conditions for planarizing particular zones on
t11C sl KIS9440888C0% | | | ¢ OSCl1llat111g on several polishing; belts

si mul t aneously. >Jach of the polishing; belts having dil~fcrcnt degrees of
har dness, CA || pl' CSSl bl | , percentage of rcbound and speeds, The

1' or cgoi ng cImepPHging g Wt“ﬁ‘b‘r‘é\}%“w@%% ey veder appligd PICSSUFQWVENTI ON
A principle object ol'thc 111VAItIOn |5 to provide a tncthod and apparat us
for i nmpraowitlng pMindidnownfipdtaterWtWNWst plhgprag 1 The tdmpioMech &1 Jifikdehd cf | |
11icchalllcal pAI1SIIIIIg apparatus for planari~i ng sem conduct or

subst r atiRgs thﬂ«tiOIEhhféﬂem %]ﬁﬁlcs%ﬂ%lﬁcrtéﬁygoﬂr%%dl perédhie’' PV Cl ¢ al |

apl)at'allls 10 pO S~) csol -oss ~ os4 sem conduct or substrates

EZ: ?g ﬁ;c\(/)llnﬁ)?csstﬂglll 8ncil:§$g,mc 8[ I?E?x?czsgfwo%rl dgltvggorg%/élg mcrcf‘zﬁc ¢ ]%hsth Polalnsm ng

abr asi ve slurr S0 .t hat the best attrjbute frome ch belt is used for

i nprovi gpRng 1 "g oppsed ang splead pmv&hw Pelipr gfobphRi AP ALY B GSt 1 at e.
Still al70t11C1 ect of Ihc 11lventIOn IS to provide at lcast two

adj ust abpel plangely, ijrlc ahpsd prg sbaies betpslioashplagaritperith peor didbher ent | near
vel ocities. Yct another object of the Invention is to oscillate the

subst r atpgaravieatiddhe sel ected polishing belts to fix the end point for the
desired profile. Yct, still another object of the invention is to provide
pressure contrul under each

Therefore, a need exists for a polishing apparatus and method, permitting CMP
opcerations to be done on a semiconductor substrate under controlled process conditions
for planarizing particular zones on the substrate while oscillating on scveral polishing
belts simultaneously. Each of the polishing belts having different degrees of hardness,
compressibility, percentage of rebound and speeds. The foregoing combination to

improve the WIWNU
SUMMARY OF THI INVENTION
A principle object of the invention is to provide a method and apparatus for
improving WIWNU, or planarity, using an improved chemical mechanical polishing

apparatus for planarizing semiconductor substratcs.

Another object of the invention is to provide an apparatus for polishing
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bel't to increase the polishing; rate Since a polishing; pad behaves as
being el astic and viscoclastic under applied pressure which affects the
overallﬁgganaritg of the substrate. Viscoclastic behavior of polyneric pad
i s consCel d888n084portant factor affecting polishing; results. The

conbi nation of different belt pads having different properties such as,

per cent age. of .rebound, percentage of conprcssibility and deqr of hardn
Bs,  wodtaiegndReter UGS s S q b PR ey URPAIBPRR Taie s, as
expl ai ned before, is partly based on the soft pad providing; better gl obal
pl anar i patistong deltshapowrdifforal prppatias.iang o phlishevitiher Wighalit padbdees j ust the
opposite. A need exists, therefore, for a polishing; apparatus and nethod,
5  CSOkh088 sétHABthe st tiibu R TdAYRa RS @ik ugdiisiol tmpeviigblorallilokl and
St'.mMeOndlletO slibstl'ate 1111dCl" k110WL1 alld controll ed polishing
conditi k I I8 . aratus |'or polishing a
Sellllcggﬁﬁpﬁ%%%qﬁﬁgh s€¥ggﬁggﬁc@8ding a novel polishing belt arrangenent
with at | east two polishing belts form ng a continuous |oop. L:ach belt
havi nb an outsi de polishing; surlacc and an inside snmooth surlacc. The
belts arc spaced al ongside cacti other sharing a common axis at cacti end.
~hhc bel ts ar¥ill awded ohicoueidhainygntionis te prdvidest hgiki ey adustabde diieas fplol | er at
one end and a driven roller at the other end. A platen nmenber interposes
each beldrivamgeack ppligdegbdesvdEearchhiengaavelsciaés.rol | ers. The platen provi des a
pol i shing pl ane and suppol -ting surface for the polishing belts. The
polishing plane includes a plurality of holes comunicating with an

el ongat ed pl cnum chanber underlying the plane. 'hhc chanber supplies a

conpr essed gagt (Ploihgpg‘lg'kctaor} 11‘r’<1°|‘ﬂ@&ﬂio?1ri§’fos&rcﬁlaﬁ%ic @ﬁﬁsll&&eovepllicssgjegtgd bel ts.
g P pl ed t0 notors

~l ' hc driver rolleéers arc cou

polishing belts to {ix the cnd point for the desired profile.

Yet, still another objecet of the invention is to provide pressure control under each

belt to increase the polishing rate

Since a polishing pad behaves as being clastic and viscoclastic under applicd
pressure which affects the overall planarity of the substrate. Viscoclastic behavior of
polymeric pad is considered an important factor affecting polishing results. The
combination of different belt pads having different propertics such as, percentage of
rcbound, percentage of compressibility and degree of hardness. would give an overall
increase in polishing uniformity. This, as explained before, is partly based on the soft pad
providing better global planarization with poor local planarity, while the hard pad does
just the opposite. A need exists, therefore, for a polishing apparatus and method,

5



to i ndependently drive and control at Icast two ofthc polishing belts.
Therefore, an apparatus and nethod is provided for inproving the WW\U
conditions by planari~inl; particular areas on the SUbsl|'~1LC V1'11110
osd |1 ~C801-1088 &ob84everal polishing belts sinultaneously with each belt
having diltcrcnt dct;rccs of hardness, conpressibility, pcrcentar~c

ol ~rebound and 5pccds. Ot her features and advantages oi ~ the present

i nvent i darmitting G Pxpseatiens 1of bodanciea sscovenrdnsichgrbdiravivige kewn andm t he
detail ed description that lollow 6 csol-oss ~ 0s4 |3ItlEl ~

UF, sC . RbhtraéllcdIgaNsiBhg coddifiodsl I DRAWNGS F1(i.l is i111 II111Stl'atlOn ol ™ a
side viewof a linear CM' tool of LI1L Illvt;ntloll. FIG2 illustrates a
top view ol 'thc invention showing a multlplc polishing; belt drive
arrangement of the i nventi on. FI G 3ill ustrates a top view ofthc invention
show ng allOt driye arra he

1I I

nvent fon: 1 rerder S0t Brar of Bofiging POt B TS R RTRG o P
pol i shi ng appllcatlons with 117111 plC SIThSt1 atC,  polishi ng heads oft he
i nvent i dRYvClmotighing balt sepiement VB! W%W@ﬂ’ﬂllﬁ]l@; b@t%ﬁawnﬁgl QERENIBI shi ng
applications with a single pO1S11111~ Il Cad. 11G 6 is an illustration ofa
front vilesp.dfathbclOMving gobutside poliBin@surblhowiha) inside smoblmeafacpolhshl |1 fj
belts. 1~IG7 is an illustration ol~a Iront view ofa CM' tool of hlIG 3,
showi ng k2lts eeapsked alongside cach other sharing a common axis at cach end. The belts arc

looped around a pair of rollers making up a driver roller at one end and a driven roller at

the other end. A platen member interposes each belt and is placed between the pairs of

rollers. The platen provides a polishing plane and supporting surface {or the polishing

belts. The polishing plane includes a plurality of holes communicating with an clongated

plenum chamber underlying the plane. The chamber supplics a compressed gas to impart

an upward pressure against the polishing belts. The driver rollers are coupled to motors

to independently drive and control at least two of the polishing belts.

Therefore, an apparatus and method is provided for improving the WIWNU
conditions by planarizing particular areas on the substrate while oscillating on scveral
polishing belts simultancously with cach belt having different degrees of hardness,

compressibility, percentage of rebound and speeds.

Other features and advantages of the present invention will be apparent from the
accompanying drawings and [rom the detailed description that follow
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CSO 1-088 ~, 084 enbodi nent of the invention. DETAIL,CD DESCRIP1'fON O 'f
HL PRI ?FERRLD LM 30DI MENT' ' hhe present invention includes an inlprovcd
apparatus and nethod for chem cally nechanically polishing the |op surface
of a se@SOOB8c 684 substrate. The polishing apparatus is provided for

i mproving WWNU CO11d1110115 by pl anarizing particular areas on the
substrate while noving back and ('orth on several polishing belts. The
process conditions arc adapted where cacti belt is selected froma group of
standard polishing belts having dil'fcrent properties such as percent of
rebound, hardness and conpressibility. 1'he present 111VC 711011 provi des
the user with a variety of options to Illlpl"WC (:clltC 1" tO I7];1"lphCry
ITTTLIUnllty, that |5 vi: Blralndiphiond Y o ! It C' a dry CML' or
a wet (slurry) pr ocess?Rt ]egggtk’iré(%rnJ1 QQQOLQ{Jn%ILEMINQSgnt belt speeds for
each belt while controlling the breadth and Ircducncy of oscillation and
rotation of the substrate with respect to the polishing bells, and the
ability to aprpl‘y a controlled pressure to_ the substrate |i'omboth top and
bot t om di r ectlilEnksis ardllestaHee ohn pide vy pler vage CMY el g thedpvantignappar at us
illustrated in the acconpanying figures. Referring now to the draw ngs,
where the sane rcicrcncc nunhcrs throughout the illustrations dcsibnatcd.
Attention is directed to 1'IGS. 1 shown g a typical belt arrangenent as
viewi ng the appar ahysats QM Lisw S de:. inddhliod sA&AheSmbehbtc pliskingiberl i ng three
parallel rollers 22, 23 and 32, together formng a triangular profile. 8

drive arrangement of the invention.

FIG. 3 illustrates a top view of the invention showing another multiple polishing

belt drive arrangement of the invention.

F1G.4 is a schematic top view of FI1G. 2 showing the polishing applications with

multiple substrate polishing heads of the invention.

FIG.5 is a schematic top view of FIG. 3 showing the polishing applications with a

single polishing head.

FIG.6 is an illustration of a front view of the CMP tool of FIG. 2, showing threce

lincar polishing belts.

IIG.7 is an illustration ol a front view of a CMP tool of FIG. 3, showing a sccond



CSO1-088 & 084 Roller 32 i5 conventionally known as a | ~rce rolling idler

|1 scd foJ' taking-up belt Slack by adjusting nenber 33 in a downward
direction against the inside surface 37 of belt 20. Roller shafts 38 and 39
ext end OS6M088& 68l of a roller through i hc other end, and into | oad
beari ng supports provided at each end. Extending the foregoing enbodi nent
for inproving W W\U, a novel application is described using at (cast |4vo
copl anaenberingit afthgantestioposi ti oned si de by side with a gap between, and

at least two of the pd 1S17111g belts dl"IVell 111dCl7cl ldelllLly. F1G 1
i ncludes a polishing dead 14 having a | ower surface opposed to the upper
surface ol'thc polishing belt 20 . 'The | ower surface holds a substrate 10

to be poli ShedDE’?‘?\IEEBﬁ%@%ﬁlIﬁ‘[@W 8 ﬁﬁﬁﬁgﬁg‘@gﬁ@fggﬁﬁwe“ ve

properties is used on 't ottom surface o ead 14 to adhere
and hold the substrate 10 to the polishing head. The polishing head 14 is
nmounted to a rotating shall 12 and is rotationally driven by the rotating
shaft. '1'hc polishing head 14 rotates and oscillates the substrate, as

i ndi cat ed by &h¢ Bis¢ms invsatiasincBgehan ey ehepambesaddaneherk fr ebepically
oscillation are cacti variable and controllable. Aforce 1 1 is also

appl i ed mechthiealthopaiisaing thetopisaebeadbirectiiomdagar ngtstrstabBha pdlshing and presses
t he substrate agai nst the noving polishing belts as the substrate is bcin~;

rot at ed ;pRea@8Gs hloblde@ dodlprotihe WA NEioAGitiohBbR pla@fiefing farti¥Plac@kdy in the
order of between 0 and 15 psi and is applied by 111callS Ol'lhe rotatltl ~

hal I 15 that,d t : , g . t Lk Shj . 14.
&S0 088 "BeC R A v bR el teuR i S PR B S P AR TR O8RS Ve

drive shafts. 38 and 39 are . o
conditions are 4 apted where cach belt is selected from a group of standard polishing

belts having diflerent propertics such as percent of rebound. hardness and
compressibility. The present invention provides the user with a variety of options to
improve center to periphery uniformity, that is, by planarizing using cither a dry CMP or
a wet (slurry) process. the option of choosing different belt specds for each belt while
controlling the breadth and frequency of oscillation and rotation of the substrate with
respect to the polishing belts, and the ability to apply a controlled pressure to the substrate

from both top and bottom dircctions.

Reference will now be made in detail to the apparatus illustrated in the
accompanying figures. Referring now to the drawings, where the same reference
numbers throughout the illustrations designated. Attention is directed to FIGS.1 showing
a typical belt arrangement as viewing the apparatus Irom its side. An endless belt 20
encircling three parallel rollers 22, 23 and 32, together forming a triangular profile.

8



ext'ended t hrough ot her neighboring rollers as shown in PIGS. 2 through 7. A
platen 24 is nounted between rollers 22 and 23 supporting the inside
surface 37 for the upper belt nenber as best illustrated in FIG 1. ~1'he
drive sH(Is083%&8d 39 arc supported at one end by bearing plate 27 and the
ot her end by platen nmenber 24. This is best illustrated in FIGS. 2 and 3.
FIGS. 2 - 7 show various views, of the invention, illustrating novel |inear
pol i shi npller 3ans caventianatiy knpwh ps hiteg relling iMleoned br dakingrop belaslock bn a first
enbodi nent shown in FIGS. 2, 4 and 6, revealing various views of a polishing

appar at ugljwitin} n@imbeeas in 4 BswewiQl digkiiGgapddel tik idside dfifacand oIBelt Roach belt
havi ng an outsi de polishing) surface anJDan i nsi de driving surface.

Ref errl gy 1pshid Jr’nldf)‘)tn—:(?(lcln\ﬂl!% 1 % 1@@1% cA)'I" ) I%rl‘lgy\%p& ’hE{hé gﬁwv&%w' 195 intt(pe

i nvention, the belts arc space a|0n95|de each other Me éﬁarlng commmon
and parqllﬁh‘axes 41 and 4%\ hat are distally positioned. Polishing belts
17 and 1§%%BSAE SHERRUES RSy %‘f/“i“ ghetdal or may differ inits dogl' CCS

O '"hal"dllcss, conpressibility or percentage of rebound. Each belt is

| ooped around a pair of rollers, 22, 23 and 26, 27. Rollers 22 and 2G are 1
fixed to a rotatablc drive shaft 38 that is coupled to a drive notor 46 at
t he axi al posExtending the fRoigbmgs:n®dancht2ar irpeetiye WIGHUea abvel sbplidafibn 39.
Drive notor 46, a variable speed notor, drives both polishin |; belts 17

and 19. A defuritdd Roihp shichg (R6lcbpldBar |Jo<119lﬂﬁ% baliQ PostisHddwede ByddiiewitRa gapd
driven roller 24, is positioned between belts 17.19 Bclt 18 is driven by

ol so VoS, 8R4 pUERR Wl oF e ¥SLEIR, bR il e SAPLG 24”1 Wt e poses each

belt and is placed between the pairs of rollers. The platen 24 provides a
pol i shing pl ane and supporting surface for the polishing belts 17, 18,

FIG. | includes a polishing hcad 14 having a lower surface opposed to the upper
surface of the polishing belt 20 . The lower surface holds a substrate 10 to be polished.
An clastomeric material (not shown) having cohesive propertics is used on the bottom
surface of the polishing head 14 to adhere and hold the substrate 10 to the polishing head.
The polishing head 14 is mounted to a rotating shaft 12 and is rotationally driven by the
rotating shaft. The polishing head 14 rotates and oscillates the substrate, as indicated by
arrows15 and 16. Both rotational speed and degrce of oscillation are cach variable and
controllable. A force 11 is also applied in the downward vertical dircction against
substrate 10 and presses the substrate against the moving polishing belts as the substrate
s being rotated and oscillated during polishing, The force is typically in the order of
between 0 and 15 psi and is applicd by means of the rotating shaft 15 that is attached to

the back of substrate polishing hecad 14.
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and 19. The polishing; plane includes a plurality of holes 28 underlying;
each belt, the holes comunicate with separately supplied el ongated pl cnum
chanbers 30 underlying the polishing plane, each pl enum chanber delivers an
adj ust alfI¥) 1088 & &Fdl at ed conpressi ble gas to provide a different upward
pressure agai nst each polishing; belt 17, 18, and 19. The purpose is to
provide a pressure fromunder the substrate to better contraol the overal
WVRU. ' fhc cirRdugherigplicaioniod icppwentigaspaalialgrive shalisg e Bome sur f ace for
reducing frictional drag between the polishing belts and platen 24. A

pr edet ergxidngdd gapugeqbeaicghbbiey Bflcksas shbhe ig8IGS.2 Wedughm. neglayn 24nie
breadth O oscillation |G of the polishing head 14. The space provides

control ﬂ&@?@y&%&é#&n@% ] z?r{}d?%%n?y‘@?@@g?ﬁ}niﬁ%ig& suﬁ‘f’z&@%ﬁtfér @k ﬁl??(%‘ls&cgate —

(sec PIGS. ong wt ependent |y co elt speeds

bet t t t lts. | her. di Show!l 111 11GS. 3, 5
and 7. SROMPHG <A TAoEr ALAT TG o SBbP? S HEPHEIAY 96 kha 21

instead of three. Al other |catures arc the same with the exception of
havi ng o §caeR8 Pl 2Emidige oleaand ay platengneinper ¢4 Thisds bsstalhestratedtpe
conpactness or each enbodinment is self evident along; with the options
provi dedl§ip. Rlrad@ppar at us of the invention. 'fhcrclorc, it is intended that
this invention CSO -088 & 084 cncol Il paSS both of the enbodi nrent as Cal
within the scope of the appended clains. Wile the invention has been
particularly shown and described with reference to the preferred

enbodi ments t hgt€ol ;1 i, ] uRder -hosecskilled Ln ihc alt that
vari ous chan~2§k?% {@gﬁ“ﬁﬁgkﬁgﬁgﬁﬁg&§§§ﬂﬁg“ﬁ%agmﬁﬁﬁnﬁk?éﬁﬁgg%?|n b tl' 0111

the spirit,.and scope of the j.nvention. at is clained is: )
P pohsﬁmg arrangements lor polis NN a sen\lcor\{g{wtor substratc. ri'rsl a {lu‘sl embodiment

shown in FIGS.2, 4 and 6, revealing various views of a polishing apparatus with at lcast
three polishing belts 17, 18, and 19. Each belt having an outside polishing surface and an
inside driving surface. Referring specifically to FIG. 2 and 4, showing a top view of the
invention, the belts are spaced alongside cach other while sharing common and parallel
axcs 41 and 42 that are distally positioned. Polishing belts 17 and 19 may be functionally
identical or may differ in its degrees of hardness, compressibility or percentage of
rcbound. Each belt is looped around a pair of rollers, 22, 23 and 26, 27. Rollers 22 and
26 are fixed to a rotatable drive shaft 38 that is coupled to a drive motor 46 at the axial
position 41. Rollers 23 and 27 frcely rotate on shaft 39. Drive motor 46, a variable speed
motor, drives both polishing belts 17 and 19. A third polishing belt 18, looped around
driver roller 25 and driven roller 24, is positioned between belts 17.19 Belt 18 is driven
by driver roller 25 fixed to drive shaft 39 that 1s coupled to drive motor 42. also a variable

speed motor,
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12 CSU1-088 & 084 1. /~ linear polishing apparatus for polishing a

sem conduct or substrate, said apparatus conprising: at |east two polishing
belts I brmng, a continuous |oop, said belts having an outside polishing
surface Chod-088 & 084 de driving surface; 5 said belts arc spaced al ongsi de
each other and sharing a common axis at each end; every belt |ooped around
a pair of rollers, said pair consisting of a driver roller ai one axis
position, and a driven roller at the other; a platen nenber interposing
said belts is placed between pairs of 10 rollers, said platen providing a

polishin g plapatardh sterpg@pocdchngltaud iasecdddetsandh@pditssdfiroljerbeThs; sai d
pol i shing plane having a plurality of holes conmunicating with separate

pl Cnl 1@1&%§;£HMIQ$OHQQ%B?Q1@9%§?L; Rl WurtaS@fcd ﬂg@g@ﬁr”%§ug§”’q%“ a

conpr es gas I nparti‘ng r af ed pressurees agai ns I’'shi ng
belt, and with , at (east two.belts driven aragtely wi.th variabl e speed
dr i ve matdng: e polighay plabSineideho Rt ahoanlt g g cocsRale oo d bel
is | ooped around said rollers, is also |ooped around a driven idler roller
that is hedgsonupudcaroWwith sapadeahsapeliedi ¢ enaiagrplensim ehambess Ipumderlying) ack. 3.
The apparatus in accordance with claim1l wherein each driver roller is 13

the polishing plane, cach plenum chamber delivers an adjustable and regulated

compressible gas to provide a different upward pressure against cach polishing belt 17,

18, and 19. The purpose is to provide a pressure from under the substrate to better

control the overall WIWNU. The exhausting gas also provides a lubricating bearing

surface [or reducing frictional drag between the polishing belts and platen 24.

A predetermined gap separates the belts. The gap is determined by the breadth of
oscillation 16 of the polishing head 14. The space provides control of the polishing rate
between annular segments of substrate 10 (sce FIGS. 4-7) along with the ability to

independently control belt speeds between at least two belts.

In another embodiment, shown in FIGS. 3, 5 and 7, showing a polishing apparatus
with two polishing belts 20 and 21 instead of three. All other {eatures are the same with

the exception of having only one polishing head 14 as shown in FIG. 5 and 7.

The compactness of cach embodiment is self evident along with the options

provided by the apparatus of the invention. Therelore, it is intended that this invention
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(:SO-088 & 084 fixedly coupled to a rotating; input shaft |ocated at one
axis, while cacti driven roller is free tLII'IIlilg on the other rotating;
Il pLIt shall |ocated at the other axis. 25 4. The apparatus in accordance
with cl &Sai{083ideP84 n sai d vari abl e speed drive notors arc denountably

coupl ed to each driver input shaft, said drive notors mounted on opposite

si des and opposjt ds of saidr nput shafts 5. .The appar at us
i n accofBEh #?tﬁ Ogaﬁé“l Gopdineptes fa ﬁ Fq’ %F?Wcﬁgtﬁﬁ’raﬂ% ‘AglaifSedback nmeans

For adjusting the linear velocity for each polishing belt. 6. ~|l " hc
apparatus in accordance with claim1 Wlcrcln said | JU 1S11111~ surfaces
Ul' CdCh belt Colltalll a pollshill~ ~I"It. 35 7. The apparatus in

accor dance Wwhil€lRiimchtivh8sEbdn FRHREUGPRRNEREQHd daRriBtSRitRT O IcHESIa gas
bearing; interface to reduce friction between said platen and said driving;

surl aec < S I W th
claim1l V\‘h%xr%gc%l%d rHé)?amﬁ)o IS JOF ”bwﬁ QL g]r%?sé%ggﬂb%% palgb ga}ﬁ(ﬁ‘{{ %gn]ggctl ot her
and separ at ed redetermn a Th ap arat u im1 wherein
sai d pl aYtl@ﬂussﬂﬁ b%*épd?fd‘éP'P‘{/?%@%éag%&o?”%&”f AREESHENE oRLYE SRS ent hol o
arrays underlying; cacti belt, and the linear 14  CSOLl-U88 & 084

scope 0 thc imvention.

What is claimed is:



velocity of each belt is variable. 10. The apparatus of claim8
wil',1"Cl11 LI1CclilicriliicdlatC bt I1Sd'IVCIl alld controlled

i ndependently with a separate variable speed notor. 50 11. A linear

pol i shi ggomaigeed 089r pol I shl ng; a sem conduct or substrate, said nmethod
conprising; the steps of: providing;, a substrate to be plallari~ed,

provi ding; a substrate polishing; head for holding;, rotating;, and
oscillating; said lsibstqaapdidiuny apgprapol lbspelnging BEnpeovudongbsaalkei near
pol i shing; apparatus having; at lcast two polishing belts 1A"'111111g~" i
Ca Lt O lsgdHpRandabehppsinis havlnl; an outside polishing; surface and
an inside driving surface, said belts are spaced al ongsi de each ot her
sharing a common axis at each .end each.belt |.ooped arou ai.r of

ol ers, sard pai 1 ey RE B SR ek o PRER adh S teflaPRibe B ar i ven
60 I'Aler at the Utlll;r Cnd, a platl;il nlcnlbC 111tC1' pCSIII~T said
belts, said platen dussigd prdishingstleesrandainrigsidd dmvhg swfacesai d pl at en

provi ding; a polishing plane and supporting; surface for said polishing
belts, said poli shhaihbhelplaanspabavilogiside qabhioeier i Sarihgh esmammmaxid atat i ng;

W th separate plenum chanbers underlying said plane, said chanber supplies
a conpressed g;as Gelf end;mpart 1'Cg;lllatcd pl* CSSLII" CS agai nst each
polishing; belt, at |least two of said belts are driven separately by

vari abl e speed driy tors. A5 O.l 088 & 084 .12  The od . in
accordance with clﬁﬁﬁﬁgﬂﬁog‘é&%?%“&g'ﬂlBEV@“PSMV§8%E&mmm“nE%?Bgngu

roller at onc axis position, and a driven roller at the other;
a platen member interposing said belts is placed between pairs of
10 rollers, said platen providing a polishing plane and supporting
surface for said polishing belts;
said polishing plane having a plurality ol holes communicating with
scparate plenum chambers underlying said planc, said chamber
supplies a compressed gas imparting regulated pressures against cach
15 polishing belt, and

with at lcast two belts driven scparately with variable speed drive motors.
2. The apparatus in accordance with claim | wherein said belt is looped
around said rollers, is also looped around a driven idler roller that is adjustable 20

in a downward dircction for taking-up belt slack.

3. The apparatus in accordance with claim 1 wherein cach driver roller is



around said rollers, is also | ooped around an idler roller that is
adjustable in a 70 dowmward direction for faking-up belt slack. 13. 1'he
met hod in accordance with claiml 1 wherein each driver roller is affixed
to a drpvg;.9Rafst ognd each driven roller is free turning on said drive
shaft. 75 14. The method in accordance with claim!l | wherein said drive
shall is dcnountably coupled to a variable speed drive notor, said drive
not or s ar r andieddigrooppdsi 4 mtaingespuntdalDigcp@Blat GhdCGiiClvehilcfcasladdvalr i ve

shafts. 15. The nethod in accordance with claim 14 wherein cacti drive
notor 80 haviglg: fiepebaskneans JiR: xaﬁulﬁghtmgsndfrﬂolm&earuwsdh@pmw for each
belt during the polishing process. hc nethod in accordance with claim
11 mheg in said polishing surfaces of each belt contain an abrasive

pol i shi g grit permanently bonded to said AS outsic(c sur~acc. 17. The
method ill accordance with claim1l | wherein said conpressed gas al so

provi des a gas bedr lAgapnrEps mescerdapedudecipim ¢ twhsreipsaideanad@srecdl at en and
16 CSO1- 088 & 084 said driving; surface of said polishing; belts. 90 18.
"fhc met hod idnivacoodancdemaunimbiy edupldd b cadledévan idpan elealpedidslhivag bel ts are
assenbl ed parallel to each other and separated by a predeternm ned gap, said

gap width is nﬁ&bf%tlﬁﬁuﬁ&i 61h§p1§fsﬁ@§ﬂ& Ad oﬁi@bgl‘,sél*@lyof@&l@l&ﬁ%é indhi PANYY
permitting selective polishing; of annul'ar Scgil sal d substrate.

30 5. The apparatus in accordance with claim 4 whercin cach drive motor

having feedback means for adjusting the lincar velocity for cach polishing belt.

6. The apparatus in accordance with claim 1 wherein said polishing

surfaces of cach belt contain a polishing grit.

35
7. The apparatus in accordance with claim 1 whercin said compressed gas
also provides a gas bearing interface to reduce [riction between said platen and
said driving surfacc of said polishing belts.
40 8. The apparatus in accordance with claim 1 wherein three polishing belts

arc assembled parallcl to cach other and scparated by a predetermined gap.

9. The apparatus of claim 1 wherein said platen surface underlying cach

of the three belts have different hole arrays underlying cach belt, and the lincar

14



95 19. The nethod in accordance with claim 18 wherein two outer belts arc
driven and controlled by the sane variable speed notor. 20. The nethod in
accordance with claim 18 wherein the internmediate belt 100 is independently
driven &$01488t& OB4ed by a separate variable speed notor. 21. The nmethod in
accordance with claim1 1 wherein said polishing head oscill ates between
two ol "sajd belts having; dill crcnt polishing;, qualities, said breadth of
osci | | atelosity 81 eashdelds yasiabli d gap bet ween pol i shing belts. 105 22. The

met hod in accordance with claim 21 wherein said belt polishing; nmay be
controll ed by setting diifcrcnt |inear speeds for cacti belt and/or

varying; the upward gas pressure under cacti belt. 1 10 23. The nethod in

accordance with clgy 'Thé-d%pr i @I’(ﬂ\ %q'hﬁ"éh?fhrc%l@n ét@gtal?-zg driven@hd - 088 &

084 an incom ng concave conventionally rcduircs nore
pol i shi ng tlne nariza i s reduced substantially by increasing the
| i near speed‘@PI?WéﬂﬂaﬂF“ﬂﬁﬂbﬁ& %HFEEPCMﬁ$Hﬁ%§F83§Hﬁ§Erate s periphery. 1
15 24. The nethod in accordance with claim1 1 wherein type of said
polishing belts could be selected to be used with abrasive slurry. 25. The
met hod in accordance with claim 24 wherein said type of polishing belts arc

sel ect ecb0f r om st andardlikat bslishan m@hed fdrgfotishing bapaldoh@seisuebstage,per cent  of
rebound, hardness and conpressibility.
said method comprising the steps of:
providing a substrate to be planarized;
providing a substratc polishing head for holding, rotating. and oscillating
said substrate during polishing;

55 providing a linear polishing apparatus having at lcast two polishing belts
forming a continuous loop, said belts having an outside polishing surface
and an inside driving surface, said belts are spaced alongside each other
sharing a common axis at cach end, each belt looped around a pair of
rollers, said pair consisting of a driver roller at onc end and a driven

60 roller at the other end, a platen member interposing said belts, said
platen is placed between pairs of rollers, said platen providing a polishing
plane and supporting surface for said polishing belts, said polishing planc
having a plurality of holes communicating with separate plenum
chambers undcrlying said plane, said chamber supplies a compressed gas

65 to impart regulated pressures against each polishing belt, at lcast two

of'said belts are driven separately by variable specd drive motors.
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18 LA ?2.A LA LA A LA A Aa. A(. A(. AN. An. AFL. AF_. AN r. ANY9. A;

3r. A3r T{ &KV8{ BPaj ngRP| wr mhc”™Y] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] cRa] ca] ca] ca]

cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca] calcalJcRajca! g q +X

I &3FK\  jcspunigka W£a] cal ca) ca] ca] ca] ca] ca] ca] cal] cal] ¢

a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calj 1;
A

aj &<KB| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! AP>T4N] nr 2Q} xsni d_Z] ] ] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] 1qa1[ ﬁ@]n‘éth%ll(i@]x&:%] &ale nalaml nalratwaheadnal cabea] cal cal ca

] ca] ca] ca] ca! 8] v*
G e EANGELaER S SRLRRETL S Sadeans

c]a] ca]\ca] cﬁ]f:t 4]<unraé] gfd]zkg}}%g 'gg]oﬁg%%ﬁ]“ﬁog

HR&&E "' vt {t ! mhc”Y] ] ca] ca] cal ca](ca] cal ca] ca] ca] cal] ca] ca] cal] ca] ca
]ca] ca] d4] ca]ClQa\]“(Y@]@é]l%(al]Oéaf])lcla]U@a]U@a]tBa]c@ alcalcalcalca!' 3(((((3))))*0***S+
. p,, %} Itl/111}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] cal/0n001lyl1ll/222=3
333333, 44475555@66S778] 889s9| w nmhc”Y] ] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]

Rl e At
jlzalen sl slss el sl b alsnl s sl sl peplae o oo

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal GHH
HHS1 al ~1 1111 QJ~JJK KKKKK4L=LBLLLLMMVMVNBNNN| wr mhc”Y] ] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca) ca] ca] ca] ca] ca] ca]
ca! NOf OGPCPPPPP! Q @&@mﬁ%s&s&r danet PiUnapiy KIS &alc;zc]h}\]q:sinpﬁaa ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca! VOISO WO IO & X N YT WEaCA#r v [npetdQ b dint slrivx atitels Z] | ] ca] ca] cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
a] ca] ca] ca caam@ga or 8 ne),rdx;a@a,;anc a&m&g{ Yafive JOHRE () - &10%& () -

10%& ()-3 10%& K- &0310%& () -. 10%& () - &&* " 10%& () -' gl0%& () -
#10%& () - 10%& () 10%& () -P? aq| K&OSlO%)& ()-,10% u& ()-10% u& () -
s10% u&' () - 101010$<10%& ()-5 10%& ()-RP

I K-KI'10% u& ()-11 1 10% FS10% 10% 10% I
?.rlﬂ_o% u&-o((; ij& O 95/ H’l (1 thgd ﬂ']oac%cl){ﬁ(dnce wx%*n 9151?1#‘%4 Qhuc?n ga%i&dglvc mo?o? u& ()-

80 having feedback means for adjusting the lincar velocity for cach belt during the

polishing process.

16. The method in accordance with claim 11 wherein said polishing
surfacces of each belt contain an abrasive polishing grit permanently bonded to said

85 ouliside surface.

17. The method in accordance with claim 11 wherein said compressed gas

also provides a gas bearing interfacc to reduce friction between said platen and
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Xi K- K9l . g10% u& ()-9@ ml0% u&' ()-*10% u&' ()-&¥0% u& () - y#ML0% u& ()-L!f
10% u& ()- !'10% u& ()-FH JK\i K9l .g10% u& ()- 10%& () -

S 10%vE (OS0188100840- u7s10% u& () -L510% u&' ()-210% u& ()- j 1;iK-K9
109%VE' () - 109V&' ()-109%VE ()- 10%& ()-F g 109K ()- 109%v& ()-!10%E& ()-;\
ai K- K& 10%K& ()- & %@ o

109%VE () - @ 'saigodviying surfogogyRsaig polishiausbe(ts- 9! 109%4v& () - y! 109 ()-j &9:;

<i UK& 10%&' ()-10MLOMLOM_2MLO%VE' ()-9s0 109%v&' ()-9F. ! 10%& ()- &,

10%vE ()90&) 109%VE' () - <KBAi K- K&10% & ()- 10% & ()-1 Y10% & ()- @0% & () -
10% & ()- 10% & ()- 10% & ()-APTi K- KLy#10% & ()-9L! 10% & ()-9 10% & ()-9-

10% & () -& 18, The methad in accordance with claim 11 wherein lhrwé)olxshmgP belts,
10% & ()- 10% & ()-&10% & () - 4nopqi KA7L10\ 10\ 7s10% & () () 0Y10% &

=2 K0S OB 0 JORE () B0 LIRS, 0 10 o2 O

10% 0& () - YO40% 0& () - 9! 310% 0& ()-10% 0& ()- & 10% 0& () - 910% 0& () - 10% 0&
() - Vi K- 7Y7s 1890l i5 1¢lae0 % g brgadiipoliaid v@siEite o3@ A yspcfmitting -

10% 0&' () - L+10% 0&' ()-9) 10% 0& ()- O KY7s10% 0& ()- 10% & ()-

&10% & () - 10%ekc(iye polihipeds (hnuldPéuiich) o1RiddBs@d@’ 00 ]

11T K- K& 10% & ()-110% & ()-S 10% € ()- | 10% & ()- 9110% & ()- 10% & ()-
10% & ()od """ #\ ##i K- KE2ML0% & () - 9Y. 310% & ()-9, 10% & ()- 9) @

10% & ()- 10% & ()- & #10% & ()-&9! 1 10% & () - #&$($)$*$+$ $k$$i KS2MLO% &' () - Z

10% 0& () -f 10% 0& 0% ) - 10:,10: 10:,7510% ocy & () - $% IBBEHESI
K- K' 10% 0& () - 93#6&%@1‘8@"(‘?0"9'5’ 758" SQ“C(“)W'EE%E‘)%%& 2"%1)% et ol B¢

10% o& () - T10% o0& () - )@' ("1 UK 10% o& §) 10" 010’ 010 07510% 0& ()-
9510% 0& () - 1‘6’0)6%9@‘0())“'@)@1@ %&m(“) varyabhprpeekmelary 1 3(((3) i K- KF

10% & ()-110% & ()-F10% & ()-10% & ()-f10% & ()-10% & ()-s10% & ()-3))) 0***
S++ K- K998 10% & () - 9f #10% & () - &9! -

10% & ()-& ! 10% & ()-&10% & ()- &10% & ()-s

10% & () - ++", p, , % 20.-THe-KARIOM akcdriane 0P8 1&ing Y 8 whitRi fe(interhedidOYel®' () -

LY.lO%&() & 10% & ()-9" 10% & ()------- E. .. K7s1l0% & ()-& Z10%&' () - &Sz
10941&
100842 8 X, 101>1ndc€cndcmla/ duvcn andocoiléxo led b)// : f?%lﬁ%%i?lk%bil(igﬁclccji_&% O)-Lg
10%4&' ()-9
1094&' () - MLO%H&' () - 9310%-& ()-9! 10%—|& () 10%—|& () 1y11/ 222=33i K- KsO
10914& () - sF. 109 ).- 91 109&' () - %H&[

10%& () - 99! 10%_&2% )Tl]_esﬁq,thgdwu(wyndg%%@l?)c Ann ké gvherein said polishing head

109448 ()- & 10% & ()-10% & ()-t10% & () - 10H10H10H@510%-i&6 ) -5210%4&' () - 4475
555@56i K- K9! 108 1kil¢y bepwear0vhoss [(spidrtdshavin) dgktompalifhingquies: spid- &
| 10% & ()-&F - 10% & () - 665778] 889i K-K')

10% & () - ' L! bR¥k dFosciMaGon 1&rélﬁtl&%&M%%&Mcn%ohshmg belts.
10% & ()-L'"110% & ()-9!'10% & () R
10% & () 149\ 10\ 10\ 510% & ()-s2! 10% & ()-s0 10% & ()-sF.y 10% & ()-

22. The method in accordance with claim 21 wherein said belt polishing
may be controlled by setting different lincar speeds for cach belt and/or

varying the upward gas pressure under cach belt.

110 23. The mecthod in accordance with claim 11 wherein said substrate having
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$10% o0& () - MMVMMBNNNO K- K 940% o0& () - Lf #- 10% o0&’ () - LQ!?/O% 0& ()- s10% o0& ()
-& 10% 0&' ()-910% o0& ()-10% o0& () - OF OOPCPPP! Q K- Ks, 510% o0& ()-L2
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