1 5 SEP 2006 LINEAR POLI SHI NG FOR | MPROVI NG SUBSTRATE UNI FORM TY
BACKGROUND OF THE I NVENTION (1) Technical Field This invention rel ates
generally to an apparatus and nethod for making integrated circuits and
nore particularly, the invention relates to |linear platens and polishing
belts for chem cal nmechanical polishing (CWP) of substrate$ RSP P806
capacity to inprove the substrate's within wafer nonuniformty (WW\ J).
(2) Description of the Prior Art The foll ow ng docunents relate to nethods
dealing with chem cal mechanical polishing of integrated circuits forned
on sem conductor wafers. U S. Pat.No.6, 231,427 B 1 issued May 15, 2001 to H
Talieh et al. shows a linear CMP Tool. U. S. Pat.No. 6,248,006 Bl issued
June 19, 2001LIiNEAR PHARHSNGHORIMAROVANSCI GBEBRATELINFSRMPIO06 a split
multi padded rotary platen for a CWP tool. The fabrication of integrated
circuits on a sem conductor Wafer involves a nunber of steps where
patterns are transferred from photolithographi c photomasks onto the

BACKGROUND OF THE INVENTION

(1) Technical Field

This invention relates generally to an apparatus and method for making integrated
circuits and more particularly, the invention relates to linear platens and polishing belts
for chemical mechanical polishing (CMP) of substrates and its capacity to improve the

substrate's within wafer nonuniformity (WIWNILJ).

(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 Bl issued May 15, 2001 to H Talich et al. shows a linear

CMP Tool.

1J.S.Pat.No. 6,248,006 Bl issued June 19, 2001 to M. Madhusudan et al. discloses




waf er. The phot omaski ng processi ng steps opens sel ected areas to be exposed
on the wafer for subsequent processes such as inclusion of inpurities,

oxi dation, or etching. During the form ng of integrated ciwc i%ﬁ?
structures, it has becone increasingly inportant to provide s?r t&$@%
having nultiple netallization |layers due to the continuing mniaturization
of the circuit elenents in the structure. Each of the netal |ayers is
typically separated from another netal |ayer by an insulation |ayer, such
as an oxadplitrayipaddefigoienhapnce ferveCMB4dvalt y of an overlying netallization

| ayer, one wi thout discontinuities of other blem shes, it is inperative to
provi de an underlying surface for the netallization layer that is ideally
pl anar. The process of planarizing is now a standard process application
of i ntegrat edTab Fdukitiomaififtagtied efrsuits.on Rl samitendictsre&efel invoivena etrabérng  of

the oxide layers having a resist planarizing nmedium is conventional

pl anari zak kR WRGOPhtHeSard hadsf@ted fbnephdiliRsMupiie pRotSHBRE bntostié f ace and a

| ocal planarization with a range of 1 um To neet the demand for |arger

scale in %ra%gph?tgﬁgs } &8&;%&]?% rst@%obp%]ﬁé A8 @Y fLas th Be 9G¥L&Es @Bd t he

exacting depth ocus ree cron li1thography, a new 2 1 5 SEP

2006 | anari.zat ion t hod 0 e hank.c: i Shi CwP
wes dever Bpedoan et Rt ARG RRD F il GaLRh AtaER o (90
manuf acturers. CMP pl anari zation of

During the forming of integrated circuit structures, it has become increasingly
important to provide structures having multiple metallization layers due to the continuing
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 oxide layer.
To enhance the quality of an overlying metallization layer, one without discontinuities 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 manufacturers. .

Plasma or reactive ion etching 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 of 1 um.

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

in devices and the exacting depth .of focus needed for submicron lithography, a new




a wafer involves supporting and hol ding the wafer against a rotating
polishing pad wet wth polishing slurry and at the sanme tinme applying
pressure. Unlike the conventional planarization techniqueg,b Q¢ ppmvi des a
substantially inproved overall planarization, that is, an inprovenent of 2
to 3 orders of magnitude over conventional nethods. CMP enabl es technol ogy
for subm cron design rul es because it has excellent planarization capacity
to neet the stringent |ithography requirement. Therefore, it has  energed
as an esBlepwizatiopmsbed sy argheicavaschppied PebHHREGMP), RS divsiored p
fabrication. However, poor understandi ng of polishing phenonena nakes it

di f fi cul and io pacshitbvesed by alost amidr snobaiductai m@mtlfﬂtttyr.ei‘STﬁgﬂf Plarpareiiedt

consi deration of pad properties and notions to achieve gl obal

pl anar i zatsiato ivfolleCsiyabeing and heldingete kafe nyahala. rofitieg padshogpadivkect i ng
WW\U are material renoval rate, planarity and polished surface quality.
AMONg t he$8 poflidhhddiGry hiltBat PR dasdd thge ﬂipﬂgylﬂé PXSsudd) UniR@tHeaBhven@bsali n t he CWP
process. Thé role of the polishing pad is the transportation of slurry to

the poli B . ngafi&@fétcfnﬂﬁuegoéﬂtp éﬁmdw‘éuﬁﬁ'ﬁnﬁa@i@VQm Rﬁfg@fwe?aﬁ ﬂaﬁdﬂ%aﬁéﬂ?por ts the

downwar d force applied by the wafer polishing head. Mreover, the pad

ot ot Bl iR Rer R 8 BCoREELE habfullS AL AT IARMARG Noeds 1o

el i m nat resi rom pol'i'shing pornt to aird the new
polishing reaction. As a result of these effects, properties and behavi or
of a polishing pad directly affects polishing results. 3

CMP enables technology for submicron design rules because it has excellent
planarization capacity to meet the stringent lithography requirement. Therefore, it has
emerged as an essential process for multilevel interconnection of ULSI chip fabrication.
However, poor understanding of polishing phenomena makes it difficult to achieve local
and global uniformity. The fundamental consideration of pad properties and motions to
achieve global planarization of IC wafers 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 reaction point and how the
pad responds to and supports the downward force applied by the wafer polishing head.
Moreover, the pad transfers a shear force of the slurry to the wafer surface and needs to
eliminate the polished residue from the polishing point to aid the new polishing reaction.
As a result of these effects, properties and behavior of a polishing pad directly affects

polishing results.




1 5 SEP 2006 The polishing pad behaves as being elastic and viscoel astic
under applied pressure and this phenonenon affects the Vvvvkﬁgr gﬁanarity.
The conbi nation of different belts having different propert SS uclilfas
per cent age of rebound, percentage of conpressibility and degree of
hardness, would give an overall increase in polishing uniformty. This is
based on a soft pad providing better global planarization with poor | ocal
planarity, while a hard pad shows better |local planarity with poor gl obal
pl anari zat i onThapeliskingmad bghayeses kekizstlastic grd wsepslasihindsT apRiisd RF&and

met hod for permtting CMP operations to be done on a sem conduct or

subst r at endithiberhcoomenon! dffscts Preo €W E onplandrion She tombishaerael differgntpar t i cul ar
zones on the substrate while oscillating on several polishing belts

si mul t aneelusiayingEhtbrenfprofeetigohitish pgebeigesfhdboiing peickfiegent degrees of

har dness, conpressibility, percentage of rebound and speeds. The foregoing
conbi nat L@RpleSsibilifinad\iegleb e MriiNds, SEOMARYe & ovdriEl]l IndMabeih@Nlidhims | nci pal

obj ect of tﬂe invention is to provide a nmethod and apparatus for inproving

WAARU, %nig&%ﬂ irhi s BiRb6h 25t PRI BYEHine MR CAb b BaRANG wRRbbshI ng

apparatus for planarizing sem conductor "substrates. Another object of the

I nvent | OTociaISpllélt?al'R§,%ig% HaR [?a[()ips%{r@fg Y&k %capﬁnglaﬁlﬂif {h poor global

planarization.

Therefore, a need exists for a polishing apparatus and method for permitting CMP
operations to be done on a semiconductor substrate under controlled process conditions
for planarizing particular zones on the substrate while oscillating on several 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 THE INVENTION
A principal 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 substrates.

Another object of the invention is to provide an apparatus for polishing




4 1 5 SEP 2006 sem conductor substrates using at |east two |inear platens
for supporting at |east two polishing belts having different properties,
and to polish with or without an abrasive slurry, so that th.g Bt
attribute fromeach belt is used for inproving overall global Ya gr Y6 a
planarity of the polished substrate. Still another object of the invention
is to provide at |east two adjustable drives for driving each polishing
belt at different linear velocities. Yet another object of the invention is
to osci | ISgpEoRgHstas suRsinaiep asipg aflegsh bva lncae platens Hu SRR BéF6SI™o0 fix t he
end point for the desired profile. Yet, still another object of the

i nvent i opolishingbabts bavide diffeesns propeitiontandito pelgbwikae hvitheht an abgasivecr ease t he
polishing rate. Since a polishing pad behaves as being elastic and

vi scoel ashing, unidierthapgl btdbutpiremsactebathis abedabf moireving evanibplabdl apianarity of
the substrate. Viscoelastic behavior of polyneric pad is considered an

inportantha@h@ﬁngbf@@@bmgm@QMﬁah&ng results. The conbination of different
belt pads having different properties such as, percentage of rebound,

percentage of conpressibility and degree of hardness, would give an overal
increase in polishing uniformty. This, as explained before, is partly

based on the. sfilu g opLOUE L 1A ES S, BlooRRl: RARRAS LaRLABaHl &opoor

| ocal planarity,

driving each polishing belt at different linear velocities.

Yet another object of the invention is to oscillate the substrate over the selected

polishing belts to fix the end peint for the desired profile.

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

to increase the polishing rate.

Since a polishing pad behaves as being elastic and viscoelastic under applied
pressure which affects the overall planarity of the substrate. Viscoelastic behavior of
polymeric pad is considered an important factor affecting polishing results. The
combination of different belt pads having different properties such as, percentage of
rebound, 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 for




just the opposite. A need exists, therefore, for a polishing apparatus and
nmethod for 5 1 5 SEP 2006 permtting CVP operations to be done on a

sem conduct or substrate under known and controlled pO|ISh $§ﬁgﬁﬁgons

| i near polishing apparatus for polishing a sem conductor s bst

including a novel polishing belt arrangenent with at |east two polishing
belts formng a continuous |oop. Each belt having an outside polishing
surface and an inside snoboth surface. The belts are spaced al ongsi de each
ot her shaeriiging CABhARRTationsdo he daweh assmicondectpeiupsiral wder bparangk ound a
pair of rollers making up a driver roller at one end and a driven roller at
t he ot hecorgmdied polphatgewndlmer i nt er poses each belt and is placed between
the pairs of rollers. The platen provides a polishing plane and supporting
surface for the polishing belts. The polishing plane includes a plurality
of holes conmunicating with an el ongated plenum chanber underlying the

pl ane. The chanbesr ;ﬁﬁu@mh‘gaﬁpaaatgmpp@lsﬁe@ ORmidRAdLAPBUbstradindRdzd. pressure
agai nst the polishing be The driver rollers are coupled to notors to

| ndepend ﬁ@\;ell oli¥hin eoeﬁr?ﬁjl aﬁ%é?ﬁern@ lviBlat 188 %0 b@ﬁ%hﬁfgfﬁeh@ PR dgszt"éd’ﬁgn@&lst

Ther ef or e; app ra us met hod 1s provided for 1 nproving the W VWNU
conc Y S8 O LSS R BB,
having d%xt:i{searrg ancgde gggges?de%faclpc?t%grns%ggﬁg a common axis at each end. The belts are

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 for the polishing

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

ptenum chamber underlying the plane. The chamber supplies 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 belt.

Therefore; an apparatus and method is provided for improving the WIWNU
conditions by planarizing particular areas on the substrate while oscillating on several
polishing belts simultancously with each 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 from the detailed description that follow.




conpressibility, percentage of rebound and speeds. O her features and

advant ages of the present invention will be apparent fromthe acconpanying

drawi ngs and fromthe detail ed description that follow 6 11 5 @@%6
of "a

BRI EF DESCRI PTION OF THE DRAWNGS F I G 1 is an illustration e view
of alinear CWP tool of the invention. FIG 2 illustrates a top view of
the invention showng a nmultiple polishing belt drive arrangenent of the
invention. FIG 3 illustrates a top view of the invention show ng anot her

mul ti ple polishing beBRIBFIDESEIPAKYEMNTHBORAYINGPention. FIG 4 is a
schematic top view of FIG 2 showi ng the polishing applications with
mul tiple substrate polishing heads of the invention. FIG5 is a schematic
top view of FIG 3 showing the polishing applications with a single

pol i shi ng head GRligGubillusraivniof b sigle Fati ¢ iafeadCMPOB] ofitesinodntiohe CMP t ool  of
FIG 2, showng three linear polishing belts. FIG7 is an illustration of
a front viewof a CW tool of FIG 3, showing a second 7

FIG. 2 illustrates a top view of the invention showing a multiple polishing belt

drive arrangement of the invention.

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

belt drive arrangement of the invention.

FIG. 4 is a schematic top view of FIG. 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 three

linear polishing belts.

FIG.7 is an illustration of a front view of a CMP tool of FIG. 3, showing a second




1 5 SEP 2006 enbodi nent of the invention. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT The present invention includes an inproved apparatus
and nmethod for chemcally nechanically polishing the top suﬂﬁhéﬁgofMﬁ

sem conductor substrate. The polishing apparatus is provided for inproving
W WANU condi tions by planarizing particular areas on the substrate while
novi ng back and forth on several polishing belts. The process conditions
are adapted where each belt is selected froma group of standard polishing
bel t s hatthbefiaentadthainvetioperti es such as percent of rebound, hardness and
conpressibility. The present invention provides the user with a variety of
options to inprove center to periphery uniformty, that is, by planarizing
using either a dry CvW° or a wet (slurry) process, the option of choosing
di fferent belt peddsf DESERUIT IO OFViliH PREERRR EDIEMBODIMENT eadt h 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 fromboth top and bottomdirections. Reference will now be nade

in detail to i r.at j ' MBS -
Ref erring nomﬁ?%p?ﬁﬁﬁrr%ﬂ?ﬁﬁgéuﬁﬁéﬁgﬁ %ggig r¥§f§@2ﬁ%@%ﬁ%ﬁﬂﬁtrs ?ﬁroughout

T N L T e T e A
bel t 20 apparatus is provided for improving WIWNU conditions by planarizing particular areas

on the substrate while moving back and forth on several polishing belts. The process

conditions are adapted where each belt is selected from a group of standard polishing

belts having different properties 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 either a dry CMP or

a wet (slurry) process, the option of choosing different belt speeds 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 directions.

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 FIG. 1 showing
a typical belt arrangement as viewing the apparatus from its side. An endless belt 20

encircling three parallel rollers 22, 23 and 32, together forming a triangular profile.




encircling three parallel rollers 22, 23 and 32, together formng a
triangular profile. 8 1 5 SEP 2006 Roller 32 is conventionally known as a
free rolling idler used for taking-up belt slack by adjustijrp g 33 in
a downward direction against the inside surface 37 of belt 20. Roller
shafts 38 and 39 extend fromone end of a roller through the other end, and
into |l oad bearing supports provided at each end. Extending the foregoing
enbodi ment for inproving WW\U, a novel application is described using at

| east t wBobe2aneenveatiangHy aowent &lrepwbing idkedsediferdalpggp delt glagkbya gap

bet ween, and at |east two of the polishing belts driven independently. FIG
| i ncl udedjustingahdrstir A3 ihedawiward Auectpnaghiovehe Dkt acdacopgosbdt 2& t he upper
surface of the polishing belt 20. The | ower surface holds a substrate 10 to

be pol i sReHer shafts B @sit3ONRIdnd Rt 6d @ld of Bes11cs liovnph thavibegercbhesinweoad
properties is used on the bottom surface of the polishing head 14 to

adher e apd,#@lsdoiR prdidiliab/hkddt 0 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
Rotation is indicated by arrow 15 . Both rotational speed and degree of

6scillation are each .,variable and.. control |l abl e. I.S:.a:so applied
"ot he: domnwabaieoBre e 3bleaf pE PR ER0kh S Bl AN, B RaldapfisBl TR
substrate against the nmovin | i shi.ng. belts as .the substrate is being

ot ated SATSGLEn MPEE SHF TS GBI EHITIE PPlte PROHEE S Gt 12 6D t he
order of between, and at least two of the polishing belts driven independently.

FIG. 1 includes a polishing head 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 elastomeric material (not shown) having cohesive properties 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 . Rotation is
indicated by arrow 15 . Both rotational speed and degree of oscillation are each variable and
controllable. A force I1 is also applied in the downward vertical direction against substrate 10
and presses the substrate against the moving polishing belts as the substrate
is being rotated and oscillated during polishing. The force is typically in the order of
between 0 and 15 psi and is applied by means of the rotating shaft [5 that is attached to

the back of substrate polishing head 14.




between 0 and 15 psi and is applied by neans of the rotating shaft 15 that
is attached to the back of substrate polishing head 14. 9 1 5 SEP 2000 1In
a further application of the invention, parallel drive shaff; ngg@g 39 are
ext ended t hrough ot her neighboring rollers as shot in FIGS. kT 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. The
drive shafts 38 and 39 are supported at one end by bearing plate 27 and

t he ot her endlibyfysthgr anplipatipher tegnventios, nagalishdiive shplsi 4% FI GS. 2 and
3. FIGS. 2 - 7 show various views, of the invention, illustrating novel

| i near poiehddl thigpugh phragenghhbgng oilealsishétiing1GS. Pethicwghdudt pategdbst rate. I n
a first enbodinent shown in FIGS. 2, 4 and 6, revealing various views of a
pol i shi nghcaprdmhatwsn Wltchs Ztand @astppotthigake polde shifavg 3Bdbitthe bgper b8t and 19.
Each belt having an outside polishing surface and an inside driving

surface. nRafRF kd NGt IRGeddd QAGY 1. UDekdiCe siZaf@nd aAd Shami sigpdte@Podd @ of the
invention, the belts are spaced al ongsi de each ot her ile sharing common

and par ag&%ag}'ir%éﬁée 93 aﬁd‘glel%%e} B bPpiGteH infinieh 5!4.%%%1}5 bef st ks hi ng belts

17 and 1 unctionally i1dentical or may differ in its degrees of

hardnessT:gggg&ggsibiIity or percentage of rebound. Each belt is |ooped
around a 6 iFof "tollers, 22, 23 and 26, 27. Rollers 22 and

FIGS. 2 - 7 show various views, of the invention, illustrating novel linear
polishing arrangements for polishing a semiconductor substrate. In a first embodiment
shown in FIGS. 2, 4 and 6, revealing various views of a polishing apparatus with at least
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 each other while sharing common and parallel
axes 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
rebound. 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 freely 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 is coupled to drive motor 42, also a variable

speed motor.

10




26 are fixed to a rotatable drive shaft 38 that is coupled to a drive notor
46 at the axial position 41. Rollers 23 and 27 freely rotate on shaft 39.
Drive notor 46, a variable speed notor, drives both polis?in E%glts 17 and
19. Athird polishing belt 18, | ooped around driver rolle Ebg; ndllfiri ven
roller 24, is positioned between belts 17, 19. Belt 18 is driven by driver
roller 25 fixed to drive shaft 39 that is coupled to drive notor 42, also a
variable speed notor. to 1 5 SEP 2006 A platen 24 interposes_each belt
and is pl acedA phenbintarprsepedch delbang winlased betryen phepadi obiplisiodhgles a
pol i shing pl ane and supporting surface for the polishing belts 17, 18, and
19. The platch$Hipngyigdsarmelisiog pldes awd plppeing sy fase fwdh@solggin@rbéé-? I%4il8g each
belt, the holes communicate with separately supplied el ongated pl enum
chanber sa@D1 wumiepbiyshirg pliteangoddsaiilnglifgldhelcs 2aahdeplyepunticbeniier del i vers
an adjustable and regul ated conpressible gas to provide a different upward

pr essur ep@eatdiehufand wirdlsksahitly stgdied blongaté@pleaind cA8nbeFne0 priapgER is to
provi de a pressure fromunder the substrate to better control the overal

WWNU. T ¢ i i j i i surface for
hg P????%?@FH% 9351 PP §Q 5 R Antélafdsféﬁ%e NG Q8B

reduci ng rag between the polishing belts and platen 24. A

pr edet er m ned rates. i I I rotie he breadth
of osciF@EQ?%%ﬁg%ggg%F%@&E%é$§ﬁ$ﬁ8&%gg§nﬁﬂgg%ﬁgﬁg%%égoggggggggr%ontroI of
the poli ?Q,I 8.?18 156’1" hee 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 for 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 (see 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 features 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. Therefore, it is intended that this invention

11




bet ween annul ar segnments of substrate 10 (see FIGS. 4-7) along with the
ability to independently control belt speeds between at |east two belts.

I n anot her enbodi ment, shown in FIGS. 3, 5 and 7, showi ng & 5@EPshigng
apparatus wth two polishing belts 20 and 21 instead of three. ot her
features are the sane with the exception of having only one polishing head
14 as shown in FIG 5 and 7. The conpact ness of each enbodi nent is self
evident along with the options provided by the apparatus of the invention.
Ther ef or epcimpassbothoé Hgesnboriaent iy kllivilhimihe seppelof the appeEpd 2B0Bs. enconpass
both of the enbodinent as fall wthin the scope of the appended cl ai ns.
Wil e the invention has been particularly shown and described with
reference to the preferred enbodi nents thereof, it will be understood by

t hose skil | ed Wiild the irdkhtidr gk besbgartididarBishogeand deskabed witldred@tidielts may be
made wi thout departing fromthe spirit and scope of the invention. Wuat is

cl ai med itge prleferrbd emBERMERSPherdof, f\wlill B BRdRAbISHY thescARNRH & the aftQhatpol i shi ng
a sem conduct or substrate, said apparatus conprising:

various changes in form and details may be made without departing from the spirit and

scope of the invention.

What is claimed 1s:

12




a substrate polishing head for holding, rotating, and oscillating said

sem conduct or substrate during polishing, and at |east two polishing belts
form ng a continuous | oop, said belts having an outside pg%igggngw urface
and an inside driving surface; said belts are spaced al ongsi“d aenvot her
and sharing a common axis at each end; every belt | ooped around a pair of
rollers, said pair consisting of a driver roller at one axis position, and
a driven roller at the other; a Platen_nenbe( interposing said belts is

pl ace bet wdenApuiearspobishing aprasttes fos aplishpleat semigondydter Bstertgol i shing pl ane
and supporting surface for said polishing belts; said polishing plane
havi ng asqgidl epmkdttycoofprisoliges conmuni cating with separate pl enum chanbers
underlying said plane, said chanber supplies a conpressed gas inparting

regul at ed sifs@88 WoRshiRYRdat Sor Rddihg, rpalihg hhd gsdilelting saddemicohduator| east two
belts driven separately with variable speed drive notors. 2. The apparatus

in accor dapg M dufing balidfidg, wherein said belt is looped around said
rollers, is also | ooped around a driven idler roller that is adjustable in

a domwa'étdlegit f\?&ﬁ(@lﬁﬂin{g%‘feitg ﬁ)ﬂlﬂl%'au&nlﬁﬁhéus%&f Kaid belts having an

outside polishing surface and an inside driving surface;

said belts are spaced alongside cach other and sharing a common axis at
each end;

every belt looped around a pair of rollers, said pair consisting of a driver
roller at one axis position, and a driven roller at the other;

a platen member interposing said belts is place between pairs of

rollers, said platen  providing a polishing plane and supporting

surface for said polishing belts;

said polishing plane having a plurality of holes communicating with
separate plenum chambers underlying said plane, said chamber
supplies a compressed gas imparting  regulated pressures against each
polishing belt, and

with at least two belts driven separately 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
in a downward direction for taking-up belt slack.

3. The apparatus in accordance with claim | wherein each driver roller ts
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3. The apparatus in accordance with claim| wherein each driver roller is
13 1 5 SEP 2006 fixedly coupled to a rotating input shaft | ocated at one
axis, while each driven roller is free turning on the other, rotating input
shaft located at the other axis. 4. The apparatus in accor nde RfifEh clai m
1 wherein said variable speed drive notors are denmpuntable coupled to each
driver input shaft, said drive notors nounted on opposite sides and
opposite ends of said rotating input shafts. 5. The apparatus in accordance
with cl afinedy whienled te aggieting inpyeshagtlenatediph oranyis adils 4890 drvghs for adj usting
the linear velocity for each polishing belt. 6. The apparatus in

accor danedienis freeghming dn thhether mtaiag dupd biasHperedsal tfcadhy agfs. each bel t

contain a polishing grit. 7. The apparatus in accordance with claim!]l
wherein said conpressed gas also provides a gas bearing interface to
reduce friction between said platen and said driving surface of said

pol i shing bel trfe afharaliiein ABRA AL &vith 1?1236 OV kAR Saiiviiilatlt §icd 1 Wherein three
polishing belts ‘are assenbled parallel to each other and separated by a

predet e {iPeModiPare AemIBRAAPOALALS chih EREPIBANGANAduglal M L wherein said

platen surface underlying eac the three belts has different hole
arrays u gldo%r!‘s Yloued 35 %p;?(%lit% sid@0ghd Jb%oéllene%% of said rotating input shafts.

5. The apparatus in accordance with claim 4 wherein each drive motor

having feedback means for adjusting the linear velocity for each polishing belt.

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

surfaces of each belt contain a polishing grit.
7. The apparatus in accordance with claim I wherein said compressed gas
also provides a gas bearing interface to reduce friction between said platen and

said driving surface of said polishing belts.

8. The apparatus in accordance with claim 1 wherein three polishing belts

are assembled parallel to each other and separated by a predetermined gap.

9. The apparatus in accordance with claim | wherein said platen surface underlying each

of the three belts has different hole arrays underlying each belt, and the linear

14




14 1 5 SEP 2006 velocity of each belt is variable. 10. The apparatus in
accordance with claim8 wherein the internediate belt is driven and
controlled i ndependently with a separate variable speed notor. 11. A |linear
pol i shing method for polishing a sem conductor substrate, a'g §Od
conprising the steps of: providing a substrate to be planalfze , providing
a substrate polishing head for holding, rotating, and oscillating said
substrate during polishing; providing a |inear polishing apparatus having
at | east velmeitpel sashbelyisiyerieide. forming a continuous | oop, said belts having
an outside polishing surface and an inside driving surface, said belts are
spaced al ongsi de each other sharing a commobn axis at each end, each belt

| ooped around a pair of rollers, said pair consisting of a driver roller
at one end pndhaaghdratedinacddrédncatvithitaintsheliereindye iatepheadien bakeidakiven and
interposing said belts, said platen is placed is placed between pairs of

rollers, said.@haliRE ifepMiddhitROwah RebaSdlt 0iabR) PB&I @e@r.supporting surface
for said polishing belts, said polishing plane having a plurality of holes

conmmuni cating with separate plenum

11. A linear polishing method for polishing a semiconductor substrate,
said method comprising the steps of:

providing a substrate to be planarized;
providing a substrate polishing head for holding, rotating, and oscillating
said substrate during polishing;
providing a linear polishing apparatus having at least 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 each end, each belt looped around a pair of
rollers, said pair consisting of a driver roller at one end and a driven
roller at the other end, a platen member interposing said belts, said
platen is placed is placed between pairs of rollers, said platen providing a polishing
plane and supporting surface for said polishing belts, said polishing plane
having a plurality of holes communicating with separate plenum
chambers underlying said plane, said chamber supplies a compressed gas
to impart regulated pressures against each polishing  belt, at least two

of said belts are driven separately by variable speed drive motors.
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chanbers underlying said plane, said chanber supplies a conpressed gas to
i npart regul ated pressures agai nst each polishing belt, ?t.l st two of
said belts are driven separately by variable speed drive ﬁb s/i5 1 5 SEP
2006 12. The nethod in accordance with claiml | wherein said belt is

| ooped around said rollers, is also |ooped around an idler roller that is
adjustable in a downward direction for taking-up belt slack. 13. The

net hod in accordance with claim1 | wherein each driver roller is affixed
to a drive I2naky mahad dneasodpnsrarit gpipt | Wéerf%%éldﬂ?iw logresh sai d drive

shaft. 14. The nethod in accordance with claim 11 wherein said drive shaft
i s dermpuaoaid saictlistses alse laopedarainH en sfeaa!ierthatas ahestable Wi d drive notors
arranged on opposite sides and opposite ends of said drive shafts. 15. The
met hod i doweead danaenvibt fakingaiprbeli4lanker ei n each drive notor having

f eedback nmeans for adjusting the linear velocity for each belt during the
pol i shing process. 16. The nmethod in accordance with claiml 1 wherein said
pol i shing surfaces of each belt contain an abrasive polishing grit

per manent | y;3bopdedinh@ 1S &lcHrdafid WitiglaBu | f @B8rein cach driver rofler is

affixed to a drive shaft and each driven roller is free turning on said drive shatft.

14. The method in accordance with claim 11 wherein said drive shaft is
demountably coupled to a variable speed drive motor, said drive motors

arranged on opposite sides and opposite ends of said drive shafts.

15. The method in accordance with claim 14 wherein each drive motor
having feedback means for adjusting the linear velocity for each belt during the

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

outside surface.

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

also provides a gas bearing interface to reduce friction between said platen and
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17. The method in accordance with claiml 1 wherein said conpressed gas

al so provides a gas bearing interface to reduce friction between said
platen and 16 15 SEP 2006 said driving surface of said %quhing bel ts.
18. The method in accordance with claim 1l wherein said pgli§EPn§mBelts are
assenbl ed parallel to each other and separated by a predeterm ned gap
dinension related to the extent of substrate oscillation for permtting
different polishing rates to selected annulate substrate segnents. 19. The
met hod i maidddgimgandecewistid pphshmgbeltsf urt her conpri sing the steps of:

provi ding a polishing apparatus using a three-belt arrangenent having two
outer belts and an internediate belt; said two outer belts are driven and
controlled by the same variable speed notor. 20. The nethod in accordance
wi th cl ai mjg9rmhesRbdintdeorimnicersediigiel Ibekdicih Ssaid pudiepegdeintdry driven and
controll ed by a separate vari able speed notor. 21. The nethod in accordance

Wi th cl aiyedbidhardlentosaifoRe! dndhibpgathenda pRaabhliatEsphehveem tamcof said
belts having different polishing qualities, said breadth of oscillation is

related to th%ié)g H3P S%%?g%lgﬁdtlérg lgc}rirbgﬁllt?iﬁtgﬁg%iff%nt pyﬂghiﬁ@ thad, theqgeor dance

with claim erein sa

annulate substrate segments.

19. The method in accordance with claim 11, further comprising the steps of:
providing a polishing apparatus using a three-belt arrangement having two outer belts and

an intermediate belt;

said two outer belts are driven and controlled by the same variable speed motor.

20. The method in accordance with claim 19 wherein the intermediate belt is

independently driven and controlled by a separate variable speed motor.

21. The method in accordance with claim 11 wherein said polishing head
oscillates between two of said belts having different polishing qualities, said

breadth of oscillation is related to said gap between polishing belts.

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

varying the upward gas pressure under each belt.




may be controlled by setting different |inear speeds for each belt and/or
varyi ng the upward gas pressure under each belt. 17 1 5 SEP 2006 23. The
nmet hod in accordance with claiml 1 wherein said substrate: _having an
i ncom ng concave profile which conventionally requires ndr & e izghd ng tinme
for planarization is reduced substantially by increasing the |inear speed
of the belt nmaking contact with said substrate's periphery. 24. The net hod
in accordance with claim 11l wherein type of sai polishing belts could be
sel ected t &.péde @§@HKMPﬁﬁ“$WW5§PW@CEWH#HV““?@“S@%é“ﬁ%@ﬁ%ﬂ“ﬂ& accordance with
claim 24 wherein said type of polishing belts are sel ected from standard
bel t s haei imgodingfeeneave ppridpwhicheenwnihnally reguree arore pilish@gdiuned, har dness and
conpressibility. 18

for planarization is reduced substantially by increasing the linear speed of the belt

making contact with said substrate’s periphery.

24. The method in accordance with claim 11 wherein type of said

polishing belts could be selected to be used with abrasive slurry.
25. The method in accordance with claim 24 wherein said type of

polishing belts are selected from standard belts having different properties such as

percent of rebound, hardness and compressibility.
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